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Notice

Medicine is an ever-changing science. As new research and clinical experience broaden
our knowledge, changes in treatment and drug therapy are required. The authors and
the publisher of this work have checked with sources believed to be reliable in their
efforts to provide information that is complete and generally in accord with the stan-
dards accepted at the time of publication. However, in view of the possibility of human
error or changes in medical sciences, neither the editors nor the publisher nor any other
party who has been involved in the preparation or publication of this work warrants that
the information contained herein is in every respect accurate or complete, and they dis-
claim all responsibility for any errors or omissions or for the results obtained from use of
the information contained in this work. Readers are encouraged to confirm the infor-
mation contained herein with other sources. For example and in particular, readers are
advised to check the product information sheet included in the package of each drug
they plan to administer to be certain that the information contained in this work is
accurate and that changes have not been made in the recommended dose or in the con-
traindications for administration. This recommendation is of particular importance in
connection with new or infrequently used drugs.
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The clinical aspects of hematologic malignancies have
changed dramatically over the past decade. The devel-
opment of targeted therapies, based on years of
advanced understanding of basic scientific mecha-
nisms of disease, has led to their widespread use and
ultimately to the first decrease in cancer-related mor-
tality not attributable to screening programs. The
impact of these advances will be fully felt over the next
two decades, when the population of older adults in
the United States is expected to double, and continued
evolution of intensive therapy and supportive mea-
sures will make approaches such as bone marrow
transplantation available to more patients than ever
before.

Resources available to clinical oncologists or hema-
tologists who treat patients with hematologic malig-
nancies are limited. With this in mind, we planned a
textbook devoted solely to this topic. Recognizing,
also, that oncologists and hematologists are busier
than ever and require accessible information about
specific topics, we asked our authors to write focused
chapters that address different aspects of a disease, and
that would be useful to both general and disease-spe-
cific practicing oncologists and hematologists, physi-
cians-in-training, researchers, and nurses. We are
proud of the end-product.

Sections of Clinical Malignant Hematology are
divided by disease, and each disease is further divided

into specialty areas where applicable. These areas
include epidemiology, risk factors, and classification;
molecular biology, pathology, and cytogenetics; clini-
cal features and making the diagnosis; treatment
approach to all disease subtypes; and treatment of
relapsed or refractory disease, including new frontiers
in therapy. In addition, we have included chapters
about specialty topics within hematologic malignan-
cies, both within disease sections and in the last part of
the book. These topics range from disease-specific indi-
cations for bone marrow transplantation and manage-
ment of infections to treatment of the pregnant
patient with a hematologic malignancy and fertility
issues in this patient population.

Chapter authors are world experts in their fields. We
asked them to use evidence-based findings in the pre-
sentation of their material but not at the expense of
offering practical information about managing these
complicated and often very sick patients. We are grate-
ful to our authors for rising to this challenge and help-
ing us to produce the first definitive textbook on
hematologic malignancies. We welcome your feedback
about the content and about any areas you would
want to see expanded for future editions, particularly
as some material may not keep pace with the rapid
change in therapy. We ask you to e-mail comments to
our editor at McGraw-Hill, Robert Pancotti:
robert_pancotti@mcgraw-hill.com.

Mikkael A. Sekeres, MD, MS
Matt E. Kalaycio, MD
Brian J. Bolwell, MD

February, 2007

xxi

PREFACE

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



A book of this magnitude cannot be accomplished
without the help of a number of people at every step of
the way. We would like to thank our editors at McGraw-
Hill, first Marc Strauss and later Robert Pancotti, whose
keen intellect, gentle guidance, sound judgment, and
good sense of humor made this project possible. We are

grateful for the administrative assistance we received
from Bridget Rini, Victoria Mineff, and Fran Palasek,
whose help in coordinating the receipt and editing of
over 100 chapters was invaluable. Finally, we are deeply
appreciative of our chapter authors, who provided us
with outstanding information.

xxii

ACKNOWLEDGMENTS

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



1

1Chapter 1
EPIDEMIOLOGY, RISK FACTORS,
AND CLASSIFICATION
Leonard T. Heffner Jr

1Section 1
ACUTE MYELOID LEUKEMIA

ACUTE MYELOCYTIC LEUKEMIA

EPIDEMIOLOGY AND RISK FACTORS
Acute myelocytic leukemia (AML) is a clonal expansion
of any one of several nonlymphoid hematopoietic
progenitors that retain the capacity of self-renewal, but
are severely limited in their ability to differentiate into
functional mature cells. These various progenitors
include cells of granulocytic, monocyte/macrophage,
erythroid, and megakaryocytic lineage.

Leukemia is not a common malignancy relative to
many other forms of cancer, comprising 3% of all new
cancers in males and less than 2% in females. Deaths
from leukemia comprised 4.3% of all cancer deaths in
males in 2006 and 3.3% in females. In 2006, it was esti-
mated there were 11,930 new cases of AML, represent-
ing 34% of all forms of leukemia. An estimated 9040
deaths due to AML occurred in 2006—40.6% of deaths
from all leukemias. Both the incidence and the num-
ber of deaths are slightly greater in males versus
females.1 Surveillance, epidemiology, and end-results
(SEER) data over a 25-year period from 1973 to 1998
show that the incidence rates by age groups have been
stable, other than a slight increase in the age group
above or equal to 65 years old.2 As per the SEER data
(1996–2000), 86% of acute leukemia in adults (�20
years old) is AML. 

Although there are several well-recognized risk fac-
tors for the development of AML, little is known about
the etiology of most cases. Like most malignancies,
there is no recognized factor common to most cases of
AML. While there is little reason to assume that adult

and childhood leukemia do not have a common etiol-
ogy, differences in tumor biology and outcomes suggest
that these disorders are significantly different. Proven
or possible risk factors for AML can be categorized as
genetic, environmental, and therapy-related. At this
time, the proven risk factors include only radiation,
benzene exposure, and chemotherapeutic agents.3–9

Studies of leukemia in identical twins have shed
considerable light on the pathogenesis of this disease.
While concordance rates for monochorionic, monozy-
gotic twin childhood leukemia is less than 25%, con-
cordance in infants (�1-year old) is nearly 100%.10–15

This implies that events occurring in utero are suffi-
cient for the rapid development of acute leukemia and
that clonal progeny spread from the initially affected
fetus to the other fetus via shared placental circulation.
Yet, in older twin children the discordance rate is 90%,
indicating the prenatal event is insufficient for leuke-
mogenesis and a second postnatal event is required,
probably involving genes regulating a proliferation or
survival function. In adult twins there is no evidence
of concordance.16

Familial acute leukemia outside of a recognized
medical syndrome is rare, but there are documented
familial clusters of specific subtypes of AML.17,18 There
are also a number of medical syndromes in which AML
is a component feature, including Down syndrome,
Bloom syndrome, Fanconi anemia, neurofibromatosis
I, ataxia-telangiectasia, Schwachman syndrome, and
dyskaratosis congenita.19–25 Many of these disorders
have been associated with both AML and acute lym-
phocytic leukemia (Table 1.1).

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



The effects of acute high-dose exposure from the
nuclear explosions at Hiroshima and Nagasaki as well
as the nuclear accident at Chernobyl demonstrate the
leukemogenic potential of ionizing radiation.3,26

Follow-up of the atomic bomb survivors through 1990
identified 249 leukemic deaths, with 53.7% attribut-
able to radiation exposure. In this population, there is
an excess relative risk of leukemia (ERR) per sievert of
4.62 compared with an ERR of 0.40 for other cancers.27

The risk appears to be greatest at 5–10 years after expo-
sure.28 Evaluation of the specific types of leukemia in
the life span study (LSS) of atomic bomb survivors
showed the highest ERR for acute lymphocytic
leukemia (Table 1.2), although those exposed to
gamma irradiation at Nagasaki more commonly had
AML.28,29 Leukemogenic risks for lower doses of ioniz-
ing radiation are less clear, and are complicated by the
need to distinguish acute versus protracted low-dose
exposure. Table 1.3 outlines the levels of exposure to

radiation in routine daily activity compared to the
episodes of more acute exposure. Among the cohort in
the LSS study with exposure of 5–100 mSv (mean for
entire study 200 mSv), there is a statistically significant
increased incidence of solid organ cancer compared to
the population exposed to less than 5 mSv.30 Chronic
low-dose exposure studies in workers in nuclear plants
have found an increased risk of leukemia, although
these studies have some limitations and are not all sta-
tistically significant.31 A greater than expected risk of
AML has been reported in the use of low doses of radi-
ation for benign medical conditions, such as menor-
rhagia, ankylosing spondylitis, rheumatoid arthritis,
tinea capitis, and peptic ulcer disease.32–36 Exposure to
the chronic low dose a-particles of thorium dioxide in
Thorotrast has been associated with an increased inci-
dence of the acute erythroleukemia subtype of AML.37

However, there is no evidence that diagnostic X-rays
are causally related to leukemia.38,39 The contribution
of nonionizing radiation to the development of
leukemia is unclear, as there have been conflicting
results and criticism of the methodologies in some
studies. At this time, there is no evidence of a major
contribution of either occupational or residential elec-
tromagnetic field exposure resulting in an increased
incidence of leukemia.40–42 Cosmic radiation exposure
has been shown to increase slightly the risk of AML in
commercial jet pilots.43,44

Among environmental factors associated with an
increased risk of leukemia, benzene has been studied
extensively. Occupational benzene exposure in the
leather, petrochemical, rubber, and printing industries
has been linked to an excess incidence of
leukemia.8,45,46 Ethylene oxide, butadiene, and styrene
are industrial chemicals that have been associated with
leukemia, but studies have been somewhat inconsis-
tent or inconclusive in establishing a direct link.47–51

Pesticide use has been suggested as a possible explana-
tion for the increased risk of dying from leukemia
among farmers and other agricultural workers.52

However, other case-control and cohort studies have

Part I ■ LEUKEMIA2

Table 1.1 Conditions associated with an increased 
incidence of AML

Genetic Environmental
Identical twin with leukemia Radiation
Familial leukemia Ionizing
Down syndrome Nonionizing
Bloom syndrome Chemicals
Fanconi anemia Benzene
Neurofibromatosis I Pesticides
Schwachman syndrome Smoking
Dyskrytosis congenital
Ataxia-telangiectasia

Acquired hematologic diseases Therapy related
Chronic myelocytic leukemia Alkylating agents
Myelofibrosis Topoisomerase II Inhibitors
Essential thrombocythemia DNA intercalating agents
Polycythemia rubra vera
Aplastic anemia
Paroxysmal noctural 
hemoglobinuria

Table 1.2 Leukemia incidence by cell type and corresponding model-based risk 
estimates for LSS cohort or atomic bomb survivors

Excess absolute risk
Leukemia Number Excess relative Attributable (cases per 104 person
subtype of cases risk per Sv risk (%) years at 1 Sv)

ALL 38 9.1 70 0.62
AML 117 3.3 46 1.1
CML 62 6.2 62 0.9
All leukemias 231 3.9 50 2.7
(includes
unspecified
types, CLL, etc.)

Reprinted from Zeeb H, Blettner M: Adult leukemia: what is the role of currently known risk factors?
Radiat Environ Biophys 36:217–228, 1998, copyright 1998 Springer.



failed to show an association between pesticide expo-
sure and leukemia.53,54 Indeed, there has been no evi-
dence for an increased risk of AML related to pesticide
exposure, although studies have implicated an
increased risk of childhood leukemia.55 Cigarette
smoking has been found in several studies to produce
a mild increased risk of leukemia, especially AML, pos-
sibly related to the presence of benzene in tobacco
smoke.46,56–58 Indeed, the International Agency for
Research on Cancer (IARC) recently reviewed eight
cohort studies, with six showing a greater than
expected risk of myeloid leukemia.59 Interestingly, it
appears the smoking-associated risk for AML may be
restricted to the t(8;21) subgroup.60 Despite these data,
a large prospective cohort study of 334,957 construc-
tion workers failed to show evidence that smoking
bears any major relationship to the occurrence of
leukemia.61 The use of hair dyes known to contain ani-
mal carcinogens has been associated with a slight
increased risk of acute leukemia of both myeloid and
lymphoid type. This risk seems to be greatest for the
use of permanent dyes and for longer and more fre-
quent usage, with no increased risk for nonpermanent
dyes.62 However, two other cohort studies failed to
find any consistent association between hair dye use

and hematopoietic cancers.63,64 Viruses have long been
suspected as a causal agent in leukemia, and the retro-
virus HTLV-1 has been linked to adult T-cell
leukemia/lymphoma.65 However, there has as yet been
no convincing evidence of a viral etiology of adult
AML.

The development of acute leukemia in long-term
survivors of Hodgkin’s lymphoma raised the awareness
of a relationship of leukemia to prior chemother-
apy.66,67 An increased incidence of treatment-related
AML (tAML) has been found in both benign and
malignant diseases for which alkylating agents have
been a major part of the therapy, and it is felt that
10–15% of all leukemias are therapy-related.6,9,68

Secondary disease following treatment may occur in
0–20% of cases.69 All of the commonly used alkylating
agents have been associated with an increased risk of
AML, including busulfan, chlorambucil, BCNU,
CCNU, cyclophosphamide, mechlorethamine, and
procarbazine.6,9 Typically, in Hodgkin’s lymphoma
treated with the MOPP (mechlorethamine, vincristine,
procarbazine, prednisone), the incidence of AML peaks
at 7 years, but may occur even in the first 2 years post-
treatment.70,71 A common characteristic of these ther-
apy-related leukemias is the loss of all or part of chro-
mosomes 5 and/or 7, occurring in 50–90% of cases,
often with a complex karyotype.72,73 There is also an
increased risk of AML following treatment with the
topoisomerase II inhibitors, notably etoposide and
tenoposide. In contrast to the other forms of tAML,
this group of leukemias typically show translocations
involving the mixed-lineage leukemia (MLL) gene on
chromosome 11 (band 11q23) or the AML1 gene on
chromosome 21 (band q22). Most commonly, there is
a shorter interval between drug exposure and diagno-
sis of AML, without a preceding myelodysplastic
syndrome (MDS) phase.74,75 Phenotypically, these
cases are usually myelomonocytic or monocytic.
Additionally, the DNA intercalating agents, such as
doxorubicin, are associated with a type of AML similar
to that associated with the topoisomerase II inhibitors.76

The natural history of some hematologic disorders,
such as polycythemia vera, essential thrombocythemia,
myelofibrosis, and aplastic anemia, is associated with a
slightly increased risk of AML, but that risk increases
with the use of chemotherapeutic agents, radiother-
apy, or immunosuppressive therapy.77–80 High-dose
chemotherapy followed by autologous stem cell trans-
plantation (ASCT) for lymphoma can be complicated
by the development of tAML/MDS.81 The actuarial risk
in multiple series has varied from 3% to 24%. Median
time from ASCT to development of tAML/MDS is
47–50 months, and has been variably influenced
by pretransplant therapy, the conditioning regimen,
and stem cell mobilization.82 As the mechanisms by
which leukemia develops as a consequence of these
environmental exposures are learned, the burgeon-
ing field of molecular epidemiology will further allow
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Table 1.3 Approximate mean doses relevant to societal
low-dose radiation exposures and to low-dose radiation
risk estimation

Round trip flight, New York to London 0.1
Single screening mammogram (breast dose) 3
Background dose due to natural radiation 3/year
exposure
Dose (over a 70-year period) to 0.5 million 14
individuals in rural Ukraine in the vicinity of 
the Chernobyl accident

Dose range over 20-block radius from 3–30
hypothetical nuclear terrorism incident 
(FASEB scenario 1: medical gauge containing 
cesium)

Pediatric CT scan (stomach dose from 25
abdominal scan)

Radiation worker exposure limit 20/year
Exposure on international space station 170/year
A-bomb survivors (mean dose in LSS cohort) 200
Medical X-rays (breasts dose in scoliosis study) 100
Nuclear workers (mean dose from major 
studies) 20

Individuals diagnostically exposed in utero 10

Approx.
mean
individual
dose (mSv)

Modified from Brenner DJ, et al.: Cancer risks attributable to low
doses of ionizing radiation: assessing what we really know. PNAS
100:13761–13766, 2003, copyright 2003 National Academy of
Sciences, U.S.A. 



the determination of the risk of subsequent leukemia
in these exposed populations.

AML: CLASSIFICATION
Although acute leukemia has long been recognized as a
hematologic malignancy, it has been only in the last 50
years that AML has been looked at as a distinct entity.
Indeed, classification of the acute leukemias was pri-
marily based on age and cell morphology, with the
adult form being predominately granulocytic with
some variants based primarily on the cell type, such as
promyelocytic, monocytic (Schilling), myelomono-
cytic (Naegli), or erythroleukemia of DiGuglielmo.
However, there was considerable difficulty at times dis-
tinguishing between lymphoid and myeloid acute
leukemias other than by age at onset. The development
of reliable histochemical staining by Hayhoe and col-
leagues in the 1960s improved our diagnostic accuracy,
but did not produce a clear system of classification. 

In 1976, some order was introduced into the classi-
fication of the morphologically heterogeneous acute
leukemias with the establishment of the French-
American–British (FAB) system.83 The FAB classifica-
tion was based on morphology, cellularity, blast per-
centage, and cytochemistry, and was modified over the
next several years with the recognition of AML of
megakaryocytic lineage (AML-M7) and of minimally
differentiated leukemia (AML-M0).84,85 A limitation of
the FAB classification has been the clinical diversity of
AML, as well as the emerging genetic diversity of the
disease and the lack of correlation to improvement in
treatment outcomes. In addition, over the past several
decades there has been an increasing recognition of a
group of hematologic disorders variously designated as
preleukemia or myelodysplasia, which preceded the
diagnosis of AML in many, but clearly not all cases. It
is important to know and remember the FAB system
both for historical purposes and because many impor-
tant clinical trials still being followed and reported are
based on that system.

Beginning in 1995, a project was begun by the
World Health Organization (WHO) involving an inter-
national group of pathologists, assisted by a clinical
advisory committee of expert hematologists, to estab-
lish a classification of hematologic malignancies.
AMLs are recognized as one of the three main cate-
gories of myeloid neoplasms, along with MDSs and
myeloproliferative disorders. This classification draws
on the combination of morphology, immunopheno-
type, genetic features, and clinical syndromes. In par-
ticular, this system also more formally incorporates the
relationship of AML to the MDSs.

The major goal of the WHO classification was to
develop a clinically relevant system that could incor-
porate the genetic and clinical features of AML with
the morphology and newer biological information
about the disease. An attempt was made to discrimi-
nate between distinct disease entities as opposed to

prognostic factors, especially with the increasing infor-
mation on genetic abnormalities in AML. This has led
to recognition of four main groups within the category
of AML: (1) AML with recurrent cytogenetic transloca-
tions, (2) AML with multilineage dysplasia, (3) AML
and MDSs, therapy-related, and (4) AML not otherwise
categorized. Within each group are several subcate-
gories, as outlined in Table 1.4. 

In addition to placing patients with AML into
unique clinical and biological subgroups, the other
major departure with the FAB system was the lowering
of the threshold for the number of blasts in the blood
or bone marrow to 20% rather than 30%. This is based
on the data showing similar outcomes and biological
features in the patients with 20–29% blasts, who were
previously classified as having MDS compared to those
patients with traditional AML.

Approximately 30% of patients with newly diag-
nosed AML will have one of the four well-defined cyto-
genetic abnormalities listed in Table 1.4. Because
patients with these abnormalities have a somewhat
distinctive phenotype and a relatively favorable
response to treatment, they can be considered distinct
clinicopathological entities. While other balanced
translocations are considered recurring genetic abnor-
malities, it is felt that these abnormalities have more
prognostic import. Undoubtedly, as we learn more
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Table 1.4 WHO classification of AMLs

A. AML with recurrent cytogenetic translocations
■ AML with t(8;21)(q22;q22), AML1(CBF�)/ETO
■ AML with t(15;17)(q22;q11–12) and variants

(PML/RAR�)
■ AML with abnormal bone marrow eosinophils

Inv(16)(p13q22) or t(16;16)(p13;q11),
(CBF�/MYH11X)

■ AML with 11q23(MLL) abnormalities
B. AML with multilineage dysplasia

■ with prior myelodysplastic syndrome
■ without prior myelodysplastic syndrome

C. AML and myelodysplastic syndromes, therapy-related
■ alkylating agent-related
■ epipodophyllotoxin-related (some may be lymphoid)
■ other types

D. AML not otherwise categorized 
■ AML minimally differentiated
■ AML without differentiation
■ AML with maturation
■ acute myelomonocytic leukemia
■ acute monocytic leukemia
■ acute erythroid leukemia
■ acute megakaryocytic leukemia
■ acute basophilic leukemia
■ acute panmyelosis with myelofibrosis

E. Acute biphenotypic leukemia

Modified from Jaffe ES, et al.: World Health Organization Classification
of Tumors: Pathology and Genetics of Tumors of Haematopoietic
and Lymphoid Tissues. Lyon, France: IARC Press; 2001:45–107,
Copyright 2001 International Agency for Research on Cancer.



about the significance of these and other genetic
abnormalities, the WHO classification will need to be
modified.

While many cases of AML present with a well-docu-
mented history of myelodysplasia, often there are dys-
plastic changes in the blood and bone marrow at the
time of diagnosis of AML without an antecedent his-
tory of MDS. The WHO attempts to resolve this
dilemma of the relationship between these two enti-
ties by establishing the classification of AML with mul-
tilineage dysplasia. The recognition of AML in this cat-
egory without prior MDS requires at least 20% blasts in
the blood or bone marrow and dysplastic changes in at
least 50% of cells in 2 or more myeloid lineages. It is
actually felt by some that AML should be divided into
the two large categories of true de novo AML and
myelodysplasia-related AML.

Exposure to certain therapies, such as alkylating
agents and topoisomoerase II inhibitors, has long been
known to increase the risk of the subsequent develop-
ment of AML. The WHO classification places these
cases in a separate category, divided into two groups,
based on the known agents associated with this risk.
While there are common features between these
groups, there is sufficient difference to justify each.
The topoisomerase II inhibitor-related AML generally
has a shorter latency period between exposure to the
mutagen and development of AML. This may be as lit-
tle as 6 months, but can be as long as 6 years, with a
median time of 2–3 years compared to 4–7 years for
alkylating agent-related AML. In addition, topoiso-
merase II inhibitor-related AML typically presents
without MDS features, often has a monocytic compo-
nent, and includes balanced translocations as the
genetic abnormality. 

Unfortunately, no classification system will be
entirely inclusive, and the WHO recognizes this with
the group of AML, not otherwise categorized. This
group corresponds in most cases to the same morpho-
logic entity as is delineated in the FAB schema. Indeed,
this is pointed out as a limitation of the system, one
which gives the clinician no help in planning therapy
for a given case of AML. However, those who devel-
oped the WHO classification point out that the system
is meant to be of worldwide application, and that there
will be places where the diagnostic facilities are not yet
sophisticated enough to provide information to make
a more specific categorization. This last category of
AML does include the entity of acute erythroid
leukemia, and recognizes that there are two subtypes.
Pure erythroid leukemia has at least 80% immature
erythroid precursors with minimal differentiation and
no significant myeloblastic component, as distin-
guished from the second subtype, which has at least
50% immature erythroid precursors and 20%
myeloblasts in the nonerythroid population.

Modifications of the WHO classification will con-
tinue to be made with advances in our knowledge of
the biology and treatment of AML. An International
Working Group has recently recommended some defi-
nitions of terminology. Thus, de novo AML is defined
as “AML in patients with no clinical history of prior
MDS, myeloproliferative disorder, or exposure to
potentially leukemogenic therapies or agents.”
Secondary AML is defined as those patients with AML
who do have prior MDS or exposure to leukemogenic
therapies and should be categorized as “AML sec-
ondary to prior existing MDS, myeloproliferative dis-
order, or the development of AML secondary to
proven leukemogenic exposure.”86
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INTRODUCTION

The term acute myeloid leukemia (AML) is used to
describe several neoplastic blood disorders character-
ized by clonal expansion of immature myeloid cells in
the bone marrow (BM), blood, or other tissue,1,2 as a
result of increased cell proliferation, prolonged
survival, and/or disruption of differentiation of hema-
topoietic progenitor cells. Although the etiology of
AML is still unknown, the risk of developing AML is
increased by exposure to ionizing radiation and chem-
ical mutagens such as alkylating agents, benzene, and
topoisomerase II inhibitors. The risk of AML is also
considerably greater in patients suffering from Down
syndrome and rare genetic disorders such as Bloom
syndrome, neurofibromatosis, Schwachman syn-
drome, ataxia-telangiectasia, Klinefelter syndrome,
Fanconi anemia, and Kostmann granulocytic
leukemia.3 The aforementioned associations suggest a
role of genetic factors in initiating leukemogenesis.
Indeed, advances in basic and clinical research have
revealed that malignant transformation in all patients
with AML, the vast majority of whom do not suffer
from inherited genetic disorders, is associated with
acquisition of somatic mutations and/or epigenetic
events, such as hypermethylation, that affect and
change expression of genes involved in hematopoiesis. 

Many AML-associated genetic rearrangements can
be detected cytogenetically as nonrandom chromo-
some abnormalities, while others are submicroscopic
and detectable only by molecular genetic techniques
[e.g., a reverse transcription polymerase chain reaction
(RT-PCR)].4–6 A single genetic abnormality is usually
not sufficient to cause overt leukemia, but multiple
alterations of different pathways within the same cell
are involved in the process of leukemogenesis. It
appears that at least two different kinds of mutations

must occur in the hematopoietic progenitor cell to
transform it into a malignant cell, initiating develop-
ment of a clonal AML blast population. These are (1)
mutations that activate genes involved in signal trans-
duction of proliferation pathways and thereby confer a
survival advantage and increase the rate of cell prolif-
eration (referred to as “class I mutations”), and (2)
mutations of genes encoding hematopoietic transcrip-
tion factors, in the form of either gene fusions gener-
ated by reciprocal chromosome translocations or
intragenic mutations, which disrupt the process of
normal cell differentiation (“class II mutations”).7

A number of cytogenetic and molecular genetic
rearrangements correlate well with the morphology
and/or immunophenotype of leukemic marrow and
blood, as well as the patients’ clinical characteristics,
and are therefore incorporated into the World Health
Organization (WHO) Classification of Tumors of
Hematopoietic and Lymphoid Tissues.1 In other
instances, such correlations are less clear, and subtypes
of AML are identified primarily on the basis of mor-
phological and cytochemical criteria. In this chapter,
we will review major types of AML with an emphasis
on cytogenetic and molecular genetic findings.

PATHOLOGY

Diagnosis of AML is primarily made by experienced
hematopathologists on the basis of light microscopic
examination of blood and BM smears stained with
Romanowsky stains, such as May–Grünwald–Giemsa
or Wright–Giemsa stains. Myeloid lineage of leukemic
blasts can be confirmed using cytochemical reactions,
such as a reaction using o-tolidine or amino-ethyl car-
bazole as substrates to detect the presence of myeloper-
oxidase (MPO), an enzyme present in primary granules
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of myeloblasts and some monoblasts; a reaction
employing Sudan black B (SBB) to detect intracellular
lipids that has reactivity similar to MPO but with less
specificity for the myeloid lineage; and reactions
detecting nonspecific esterase (NSE) that employ
alpha-naphthyl butyrate and alpha-naphthyl acetate
(ANA). Moreover, in the case of minimally differenti-
ated leukemia, a distinction between AML and acute
lymphoblastic leukemia (ALL) can be made with the
help of immunophenotypic analysis by flow cytome-
try or immunohistochemical reactions on slides.
Immunophenotyping is also helpful in the identifica-
tion of acute megakaryoblastic leukemia (AMKL), and
in suggesting or excluding particular subtypes of AML
within the WHO classification.1 This classification
divides AML into several entities based on morpholog-
ical and cytochemical criteria, which predominated in
the previous French–American–British (FAB) classifica-
tion, but also takes into account cytogenetic, molecu-
lar genetic, immunophenotypic, and clinical features.
The major categories and subcategories of the WHO
classification are presented in Table 2.1.

One of the most important changes introduced by
the WHO classification is that the blast percentage in the
marrow required for the diagnosis of AML has been
reduced from 30% in the FAB classification to 20% in the
WHO classification. Moreover, in patients positive for
t(8;21)(q22;q22) and the AML1(RUNX1)-ETO(CBFA2T1)
fusion gene, inv(16)(p13q22)/t(16;16)(p13;q22) and
CBFB-MYH11, and t(15;17)(q22;q12-21) and PML-RARA,
AML can be diagnosed even if the percent of blasts in the
marrow is less than 20.1,2

CYTOGENETICS

Leukemic blasts of the majority of patients with AML
at diagnosis carry at least one clonal chromosome
abnormality, i.e., an identical structural aberration or
gain of the same, structurally intact chromosome (tri-
somy) found in at least two metaphase cells or the
same chromosome missing (monosomy) from a mini-
mum of three cells. Abnormal karyotypes are more fre-
quent in children with de novo AML, being detected
in 70–85% of patients compared with 55–60% of
adults.8–13 Therapy-related (secondary) AML is usually
characterized by a high proportion, 80–90%, of both
adult and pediatric patients who carry chromosome
abnormalities.12 Among AML patients with an abnor-
mal karyotype, slightly more than one-half harbor
only one chromosome aberration, whereas the
remaining patients have two or more aberrations,
including 10–15% of patients whose karyotype is com-
plex, i.e., contains three or more aberrations.12,13

From the cytogenetic standpoint, AML is heteroge-
neous, with more than 200 different structural and
numerical aberrations identified as recurring in this
disease.5 While many of the recurring aberrations are

rare, being thus far detected in a few patients world-
wide, others are more common (Table 2.2). Notably,
cytogenetic findings at diagnosis constitute one of the
most important independent prognostic factors for
attainment of complete remission (CR), risk of relapse,
and survival.8–14 Recent large collaborative studies8–10

have proposed cytogenetic risk systems categorizing
AML patients into one of three risk groups (favorable,
intermediate, or adverse) based upon cytogenetic find-
ings at diagnosis (Table 2.2). Although some differ-
ences among the three prioritization schemata exist,
pretreatment cytogenetic results are being used to
stratify therapy.15,16 Moreover, a recent report advo-
cates the use of cytogenetic remission as one of the cri-
teria of CR in AML.17 This is based on a recent study
that demonstrated a significantly worse outcome for
patients whose marrow on the first day of morpholog-
ically documented CR contained cytogenetically
abnormal cells than those whose marrow showed an
entirely normal karyotype.18

Major cytogenetic studies of AML agree that the
prognosis of patients with inv(16)/t(16;16), t(8;21),
and t(15;17) is relatively favorable (these subtypes of
AML are discussed below), whereas the clinical out-
come of patients with inv(3)(q21q26) or t(3;3)
(q21;q26), �7, and a complex karyotype is adverse
(Table 2.2). Complex karyotype has been defined as
either greater than or equal to five unrelated cytoge-
netic abnormalities or greater than or equal to three
abnormalities. However, Byrd et al.10 have shown that
although patients with three or four abnormalities
[other than t(8;21), inv(16)/t(16;16), or t(9;11)
(p22;q23)] had significantly better survival and a lower
probability of relapse than those with greater than or
equal to five abnormalities, their probabilities of
achieving a CR, or obtaining prolonged CR and sur-
vival, were significantly worse than those of patients
with a normal karyotype. These data seem to justify
combining patients with three or four abnormalities
with those with greater than or equal to five abnor-
malities into one complex karyotype category with
greater than or equal to three abnormalities if three
clinical prognostic groups are going to be used. Of
note, patients with inv(16)/t(16;16), t(8;21), t(15;17),
or t(9;11) and greater than or equal to three abnormal-
ities are usually not included in this prognostically
unfavorable complex karyotype category, because in
these patients, the presence of a complex karyotype
does not influence prognosis adversely.8,10

Patients with a normal karyotype of marrow cells at
diagnosis constitute the largest cytogenetic subset of
AML and are classified in the intermediate prognostic
category by all major classification schemata.8–10

However, despite the absence of microscopically
detectable chromosome aberrations, these patients can
harbor submicroscopic genetic abnormalities dis-
cernible only by molecular genetic techniques, such as
RT-PCR or direct sequencing. Among several such

Part I ■ LEUKEMIA10



Table 2.1 The WHO classification of AMLsa

Postulated
WHO category of AML cell origin Morphology and cytochemistry Cytogenetics Immunophenotype
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AML with t(8;21)(q22;q22),
[AML1(RUNX1)/ETO(CBFA2T1)]

AML with abnormal BM
eosinophils and inv(16)
(p13q22) or t(16;16)
(p13;q22), (CBFB/MYH11)

AML with t(15;17)(q22; q12-
21), (PML/RARA) and variants

Myeloid stem cell with
predominant neutrophil
differentiation

Hematopoietic stem cell
with potential to differ-
entiate to granulocytic
and monocytic lineages

Myeloid stem cell with
potential to differentiate
to granulocytic lineage

AML with recurrent genetic abnormalities
BM contains large blasts with abundant
basophilic cytoplasm often with azurophilic gran-
ulation and/or single Auer rods, smaller blasts,
promyelocytes, myelocytes, and mature neu-
trophils with variable dysplasia and homogeneous
pink cytoplasm. There is an increase in eosinophil
precursors, which do not have abnormalities seen
in AML with inv(16)/t(16;16)

In addition to myelomonocytic features (see
below), marrow contains an increased number of
abnormal eosinophils, with immature, large pur-
ple-violet eosinophil granules and faint positivity
to naphthol ASD chloroacetate esterase reaction.
Myeloblasts can have Auer rods. MPO activity is
seen in 3% or more of blasts; monoblasts and
promonocytes are usually NSE positive

Hypergranular APL: Abnormal promyelocytes of
variable size and irregular shape, often kidney-
shaped or bilobed, with cytoplasm packed with
pink, red, or purple large granules. Cells contain-
ing multiple Auer rods, which are usually larger
than in other types of AML, are called Faggot
cells. Myeloblasts with single Auer rods may be
present. Strongly positive MPO reaction; NSE
weakly positive in 25% of cases.
Microgranular (hypogranular APL): predominantly
bilobed promyelocytes with the apparent absence
of or a few large granules. Rare Faggot cells
and/or abnormal promyelocytes with visible gran-
ules. Higher than in hypergranular APL leukocyte
count with numerous abnormal microgranular
promyelocytes. Strongly positive MPO reaction

t(8;21), variant translocations,
or insertions

inv(16) or 
t(16;16)

t(15;17), variant translocations,
or insertions 

CD34�, CD13�, CD33�,
MPO�; frequently, CD19
present on a subset of the
blasts; often CD56�; some
cases are TdT�, with dim
expression

CD13�, CD33�, MPO�;
often positive for some or
all of the following: CD14,
CD4, CD11b, CD11c,
CD64, CD36, and
lysozyme; may be CD2�

CD33� homogeneously
and brightly; CD13� het-
erogeneously; CD34 and
HLA-DR generally absent, if
expressed then only on a
subset of cells;
CD15� or dimly
expressed; frequent coex-
pression of CD2 and CD9

table continues
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Table 2.1 continued

Postulated
WHO category of AML cell origin Morphology and cytochemistry Cytogenetics Immunophenotype

AML with 11q23 (MLL)
abnormalities

May develop de novo or fol-
lowing an MDS/ myeloprolifer-
ative disease

Alkylating agent/radiation-
related type

Topoisomerase II inhibitor-
related type (some may be
lymphoid)

Hematopoietic stem cell
with multilineage poten-
tial

Hematopoietic stem cell

Hematopoietic stem cell

Hematopoietic stem cell

Mostly monocytic and myelomonocytic morphol-
ogy, although a minority of cases have 
morphological features of AML with or without
maturation

AML with multilineage dysplasia
Dysplasia present in at least 50% of the cells of
two or more myeloid lineages 

AML and MDS, therapy related
Panmyelosis, dysplastic changes, ringed siderob-
lasts in up to 60% of cases

A significant monocytic component, most cases
have acute myelomonocytic or monoblastic
leukemia. APL also reported

t(9;11)(p22; q23),t(6;11)
(q27;q23), t(11;19)(q23;
p13.1) and other transloca-
tions, inversions, and insertions
involving band 11q23

Aberrations similar to those
occurring in MDS, mostly
unbalanced: �5/del(5q),
�7/del(7q), �8, �11, �18,
�19, �21, del(11q), del(12p),
del(20q). Less often der(1;7) 
(q10;p10), inv(3)/t(3;3),
t(3;5)(q25;q34)

Often complex karyotypes with
�5/del(5q), �7/del(7q),
and del(17p)

Balanced translocations involv-
ing 11q23 [t(9;11), t(6;11),
t(11;19), etc.], t(8;21), t(3;21)
(q26;q22), inv(16), t(8;16)
(p11;p13), t(6;9)(p23;q34),
and, in therapy-related APL,
t(15;17)

No specific immunophen-
toypic features; variable
expression of CD13 and
CD33; cases with
monoblastic morphology
are CD34� and CD14�,
CD4�, CD11b�, CD11c�,
CD64�, CD36�, and/or
lysozyme�

Blasts, which often consti-
tute a subpopulation of
cells, are CD34�, CD13�,
and CD33�. Frequent
aberrant expression of
CD56 and/or CD7;
increased expression of
MDR1 on the blasts

Blasts, which often consti-
tute a subpopulation of
cells, are CD34�, CD13�,
and CD33�.
Aberrant expression of
CD56 and/or CD7 is fre-
quent, and expression of
MDR1 on the blasts
increased
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AML, minimally differentiated

AML without maturation

AML with maturation

Acute myelomonocytic
leukemia

Acute monoblastic and mono-
cytic leukemia

Hematopoietic stem cell
at the earliest stage of
myeloid differentia-
tion/maturation

Precursor hematopoietic
cell at the earliest stage
of myeloid differentia-
tion

Hematopoietic precur-
sor cell at the earliest
stage of myeloid devel-
opment

Hematopoietic precur-
sor cell with potential to
differentiate into neu-
trophil and monocytic
lineages

BM stem cell with some
commitment to mono-
cytic differentiation

AML not otherwise categorized
Medium-size blasts with round or slightly
indented nuclei with dispersed chromatin and 1
or 2 nucleoli, and agranular cytoplasm with a
varying degree of basophilia. Less often blasts are
small and resemble lymphoblasts, with more con-
densed chromatin, inconspicuous nucleoli, and
scanty cytoplasm. MPO, SBB, and naphthol ASD
chloroacetate esterase reactions are negative

In a proportion of cases, myeloblasts with
azurophilic granulation and/or Auer rods are pre-
sent. Other cases have blasts similar to lym-
phoblasts, without azurophilic granulation.
Variable (but always in �3% of blasts) MPO and
SBB positivity 

Myeloblasts with azurophilic granulation and/or
Auer rods are present, and myelocytes, promyelo-
cytes, and mature neutrophils constitute �10%
of BM cells. There is variable degree of dysplasia.
Blasts and maturing neutrophils are lysozyme and
MPO positive

The BM contains �20% neutrophils and their
precursors and �20% monocytes, monoblasts,
and promonocytes 

80% or more of the leukemic cells are monoblasts,
promonocytes, and monocytes; a neutrophil com-
ponent is minor (�20%). In acute monoblastic
leukemia, monoblasts constitute �80% of mono-
cytic cells, whereas in acute monocytic leukemia,
promonocytes predominate. Both monoblasts and
promonocytes usually display NSE activity;
monoblasts are MPO negative and promonocytes
may show scattered MPO positivity

There is no consistent abnor-
mality; recurrent aberrations
include �4, �8, �13, �7, and
complex karyotypes 

There is no consistent abnor-
mality

Deletions and translocations
involving 12p, t(6;9)(p23;q34),
t(8;16)(p11;p13)

The majority of cases are cyto-
genetically abnormal, but no
specific aberration has been
identified

In cases with hemophagocyto-
sis by leukemic cells,
t(8;16)(p11;p13) is often
detected

CD13�, CD33�, and/or
CD117�; cCD3�,
cCD79a�, and cCD22�;
often MPO�; most cases
are CD34�, CD38�, and
HLA-DR�; CD11b�,
CD14�, CD15�, CD65�;
TdT� in � one-third cases;
CD7, CD2, and CD19 may
be expressed but with
lower intensity than in lym-
phoid leukemias 

Expression of at least two
of the following: CD13,
CD33, CD117, and/or
MPO. Often CD34�.
CD11b� and CD14�

Expression of one or more
of the following: CD13,
CD33, and CD15. 
CD117, CD34, and HLA-DR
also may be expressed

Variable expression of CD13
and CD33. CD4, CD14,
CD11b, CD11c, CD36,
CD64, and/or lysozyme may
be expressed. Residual pop-
ulation of less differentiated
myeloblasts expresses CD34
and panmyeloid markers 

Variable expression of
CD13, CD33, and CD 117. 
CD4, CD14, CD11b,
CD11c, CD36, CD64,
CD68, and/or lysozyme
may be expressed. CD34
often negative 

table continues



Part
I

■
LEU

K
EM

IA
14

Table 2.1 continued

Postulated
WHO category of AML cell origin Morphology and cytochemistry Cytogenetics Immunophenotype

Erythroleukemia
(erythroid/myeloid)

Pure erythroleukemia

Acute megakaryoblastic
leukemia

Acute basophilic leukemia

Multipotent stem cell
with wide myeloid
potential

Primitive (BFU-E/CFU-E)
stem cell with some
degree of commitment
to the erythroid lineage

Hematopoietic precur-
sor cell committed to
the megakaryocytic lin-
eage and possibly ery-
throid lineage and/or
able to differentiate into
these lineages

Early myeloid cell com-
mitted to the basophil
lineage

Dysplastic erythroid precursors at all maturation
stages may be present. There may be large multi-
nucleated erythroid cells. The myeloblasts are
similar to those in AML with and without matura-
tion

Erythroblasts are medium to large in size and
have basophilic cytoplasm. Infrequently, the
blasts are smaller and resemble lymphoblasts.
Erythroblasts are negative for MPO and SBB, but
show reactivity with ANA esterase, acid phos-
phatase, and periodic acid Schiff

More than 50% of the blasts are of megakary-
ocyte lineage. Megakaryoblasts are usually
medium to large in size but small blasts resem-
bling lymphoblasts may also be present. Marrow
fibrosis may occur in some patients

Medium-size blasts with moderately basophilic
cytoplasm containing coarse basophilic granules.
Characteristically, blasts are positive for cyto-
chemical reaction with toluidine blue, and usually
stain diffusely with acid phosphatase, but are
negative for SBB, MPO, and NSE by light
microscopy

Complex karyotypes with
�5/del(5q) and
�7/del(7q) are frequent

Complex karyotypes with
�5/del(5q) and 
�7/del(7q) are frequent

Translocation t(1;22)(p13;q13)
is recurrent in children younger
than 2 years. In some adults,
inv(3) or t(3;3) is found, but
they also occur in other AML
types

No consistent abnormality

Erythroblasts lack myeloid-
associated antigens, are
MPO�, and react with
antibodies to hemoglobin
A and glycophorin A.
Myeloblasts are usually
CD13�, CD33�, CD117�,
and MPO�. CD34 and
class II HLA-DR expression
are variable

In more differentiated
forms, glycophorin A and
hemoglobin A are
expressed but MPO and
other myeloid antigens are
not. Glycophorin A is usu-
ally not expressed in more
immature forms, which are
positive for carbonic anhy-
drase 1, CD36, and Gero
antibody against the
Gerbuch blood group 

Megakaryoblasts express
CD36 and one or more of
the following: CD41,
CD61, and/or CD42 (less
often). CD13 and CD33
may be positive, and
CD34, CD45, and HLA-DR
are often negative

CD13�, CD33�, CD34�,
class II HLA-DR�;
usually, CD9�, some cases
TdT�; negative for specific
lymphoid markers

Acute erythroid leukemias (erythroid/myeloid and pure erythroleukemia)
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Acute panmyelosis with
myelofibrosis

Myeloid sarcoma

Undifferentiated acute
leukemia

Bilineal acute leukemia

Biphenotypic acute leukemia

Myeloid hematopoietic
stem cell. The fibroblas-
tic proliferation is an
epiphenomenon

Primitive myeloid
hematopoietic cell

Multipotent progenitor
stem cell

Multipotent progenitor
stem cell

Multipotent progenitor
stem cell

Marked pancytopenia in the blood. BM aspira-
tions often unsuccessful. BM biopsy hypercellular
with variable hyperplasia of the granulocytes,
megakaryocytes, and erythroid precursors.
Variable degree of fibrosis, with increase in retic-
ulin fibers

Granulocytic sarcoma, the most common type,
consists of myeloblasts, neutrophils, and neu-
trophil precursors, and is divided into three types
based upon degree of maturation. The blastic
type contains mainly myeloblasts, the immature
type myeloblasts and promyelocytes, and the dif-
ferentiated type promyelocytes and more mature
neutrophils.
Less frequent monoblastic sarcoma is composed
of monoblasts 

Acute leukemia of ambiguous lineage
The leukemic cells lack any differentiating fea-
tures

May present as monoblastic or poorly differenti-
ated myeloid leukemia, or as ALL. In some cases,
blasts are morphologically undifferentiated; in
others, populations of small blasts resembling
lymphoblasts may coexist with larger blasts

May present as monoblastic or poorly differenti-
ated myeloid leukemia, or as ALL. In some cases,
blasts are morphologically undifferentiated; in
others, populations of small blasts resembling
lymphoblasts may coexist with larger blasts

If analysis successful, the kary-
otype is usually complex, with
�5/del(5q) and/or �7/ del(7q)

In some cases of myeloid sar-
coma, t(8;21) or inv(16)/
t(16;16); in monoblastic sar-
coma 11q23 translocations

Frequently abnormal cytoge-
netically. Recurrent aberrations
include del(5q) and �13, often
as a sole abnormality 

Typically abnormal cytogeneti-
cally. Cases with B lymphoid
component often have t(9;22)
(q34;q11.2), t(4;11), or other
11q23 aberrations; these aber-
rations are not found in cases
with T lymphoid component

Usually abnormal cytogeneti-
cally. Cases with B lymphoid
component often have t(9;22),
t(4;11), or other 11q23 aberra-
tions; these aberrations are not
found in cases with T lymphoid
component

Phenotypic heterogeneity,
with expression of one or
more of the following:
CD13, CD33, CD117, and
MPO

Most myeloid sarcomas
express CD43. Granulocytic
sarcoma myeloblasts are
CD13�, CD33�, CD117�,
and MPO�. The
monoblasts in monoblastic
sarcoma are CD14�,
CD116�, CD11c�, and
react with antibodies to
lysozyme and CD68 by
immunohistochemistry 

Often HLA-DR�, CD34�,
CD38�, and may be TdT�

and CD7�.
Negative for markers spe-
cific for a given lineage,
such as cCD79a, cCD22,
CD3, and MPO. Generally,
do not express more than
one lineage-associated
marker.

Coexistence of two popula-
tions of blasts, each of
which expresses antigens
of a distinct lineage, which
is myeloid and lymphoid or
B and T

Blasts coexpress myeloid
and T- or B-lineage-specific
markers or, concurrently, 
T- and B-specific antigens 

a Data from Jaffe et al.1 and Mitelman et al.36



mutations associated with AML, internal tandem
duplication (ITD) of the FLT3 gene (FLT3 ITD), partial
tandem duplication (PTD) of the mixed lineage leukemia
(MLL) gene (MLL PTD), and point mutations of the
CCAAT/enhancer-binding protein � (CEBPA) gene have
been recently found to be of prognostic significance in
patients with AML and a normal karyotype (Table 2.3).
Likewise, adverse prognosis has been associated with
overexpression of the brain and acute leukemia, cyto-
plasmic (BAALC) gene.19–21

Later in the chapter we will discuss in greater detail
the four AML categories delineated primarily because
of cytogenetic and molecular genetic findings, fol-
lowed by data on major molecular genetic rearrange-
ments relevant to AML pathogenesis, some of which
are associated with clinical outcome. 

CORE-BINDING FACTOR LEUKEMIA
Two categories in the WHO classification of AML,
namely AML with t(8;21)(q22;q22)/AML1(RUNX1)-
ETO(CBFA2T1) and AML with abnormal BM eosinophils
and inv(16)(p13q22) or t(16;16)(p13;q22)/CBFB-
MYH11, are characterized by chromosomal aberrations

that rearrange genes encoding different subunits of
core-binding factor (CBF). These AML types are collec-
tively referred to as CBF AML. The CBF complex is a
heterodimeric transcription factor, composed of � and
� subunits, which regulates transcription of several
genes involved in hematopoietic differentiation,
including cytokines such as interleukin-3 (IL-3), gran-
ulocyte-macrophage colony-stimulating factor (GM-
CSF), and the macrophage colony-stimulating factor
receptor (M-CSFR). The CBF� subunit, encoded by the
RUNX1 gene (also known as AML1 and CBFA2), har-
bors a DNA-binding domain, whereas the CBF� sub-
unit does not directly bind DNA, but physically associ-
ates with CBF� and stimulates its DNA-binding
activity, thereby regulating transcription.22 The intact
CBF complex is critical for normal hematopoiesis; dis-
ruption of either of its subunits directly contributes to
leukemic transformation.

AML with t(8;21)(q22;q22)/AML1
(RUNX1)-ETO(CBFA2T1)
This type of CBF AML is associated with t(8;21) and its
relatively rare variants, such as insertions ins(8;21)
(q22;q22q22) or ins(21;8)(q22;q22q22), and complex
translocations involving three or four different chro-
mosomes that invariably include chromosomes 8 and
21 with breaks in bands 8q22 and 21q22. The t(8;21)
represents one of the most frequent chromosomal
aberrations in AML, occurring in approximately 6% of
adult and 12% of childhood patients.13 Interestingly,
most patients, approximately 70%, carry at least one
additional (secondary) chromosome abnormality, the
most frequent of which are loss of one sex chromo-
some (�Y in male and �X in female patients), del(9q),
and trisomy of chromosome 8 (�8).23,24

Both t(8;21) and its variants lead to fusion of the
DNA-binding domain of the RUNX1 gene, located at
21q22, with the CBFA2T1 gene at 8q22 and creation of
a chimeric gene RUNX1-CBFA2T1. The chimeric fusion
protein impairs normal hematopoiesis through a domi-
nant-negative inhibition of the wild-type RUNX1. In
addition, it has been shown that RUNX1-CBFA2T1 itself
recruits nuclear corepressor complexes, which includes
the histone deacetylase enzyme HDAC1, and is respon-
sible for transcriptional repression of RUNX1 target
genes, and thus generates novel signals that alter nor-
mal transcription. These observations have prompted
studies attempting to reverse the block of differentia-
tion using histone deacetylase (HDAC) inhibitors.25

Morphologically, the presence of t(8;21)/RUNX1-
CBFA2T1 is strongly (but not exclusively) associated
with AML with maturation in the neutrophil lineage.
Characteristic pink-colored cytoplasm of neutrophils
and an increased number of eosinophil precursors
[without abnormalities typical for AML with inv(16)]
appear to distinguish patients with t(8;21) from other
patients with AML with maturation but without
t(8;21)/RUNX1-CBFA2T1.26,27
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Table 2.2 Prognostic significance of the more common
chromosome aberrations in AML

inv(16)(p13q22)/t(16;16) Favorable
(p13;q22); t(8;21)(q22;q22); 
t(15;17)(q22;q12–21)

none (normal karyotype); Intermediate
�Y; del(7q)b; del(9q)b;
del(11q)c; del(20q)d;
isolated �8e; �11, �13, �21,
t(9;11)(p22;q23)c

complex karyotype with �3 Unfavorable
abnormalities; inv(3)
(q21q26)/t(3;3)(q21;q26);
�7; del(5q)f; �5; t(6;9)
(p23;q34)g; t(6;11)(q27;q23)h;
t(11;19)(q23;p13.1)h

a Chromosome aberrations whose prognostic impact is agreed on
by major studies8–10 are indicated by bold type.
b Classified in the adverse-risk category by SWOG/ECOG.9
c Would be included in “abn 11q” group and classified in the
adverse-risk category by SWOG/ECOG.9
d Would be included in “abn 20q” group and classified in the
adverse-risk category by SWOG/ECOG.9
e Classified in the adverse-risk category with regard to overall sur-
vival by CALGB.10

f Classified in the intermediate-risk category with regard to proba-
bility of achievement of CR and survival by CALGB if not part of a
complex karyotype.
g Classified in the intermediate-risk category by virtue of being
“other structural” abnormality by MRC8 and by CALGB (but inter-
mediate only with regard to probability of achievement of CR).10

h Would be included in “abnormal 11q23” group and classified in
the intermediate-risk category by MRC8 and by CALGB (but only
with regard to probability of achievement of CR).10

Chromosome aberrationa Cytogenetic risk category
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Notably, the clinical outcome of patients with
t(8;21) is relatively favorable,8–10,12–14 especially when
regimens containing repetitive cycles of high-dose
cytarabine are used as postremission therapy.28,29 The
favorable outcome does not seem to be influenced by
the presence of secondary chromosome aberrations,
although one recent study reported loss of the Y chro-
mosome in male patients to be associated with shorter
overall survival,23 but this has not been corroborated
by another large study.24

AML with inv(16)(p13p22)/CBFB-MYH11
This type of CBF AML is characterized by the presence of
inversion of chromosome 16, inv(16)(p13q22), or, less
commonly, a reciprocal translocation between homolo-
gous chromosomes 16, t(16;16)(p13;q22), in leukemic
blasts. These chromosome aberrations can be detected in
about 7% of adult and 6% of pediatric AML patients.10,13

Notably, secondary aberrations [e.g., �22, �8, del(7q), or
�21] are less common in patients with inv(16)/t(16;16)
than in patients with t(8;21), being detected in approxi-
mately one-third of patients with inv(16)/t(16;16).23,24

Both the inv(16) and the t(16;16) fuse the myosin,
heavy chain 11, smooth muscle gene (MYH11) with the
C terminus of the CBFB gene. The chimeric protein
retains the ability to interact with the RUNX1 and has
been suggested to block CBF-dependent transcription.22

The marrow of patients with inv(16)/t(16;16)/CBFB-
MYH11 shows monocytic and granulocytic differentia-
tion and abnormal eosinophils, a hallmark of this dis-
ease. These eosinophils are essentially always present,
albeit sometimes scarce, constituting as little as 0.2%
of marrow cells. 

The prognosis of CBF AML patients with
inv(16)/t(16;16) is favorable,8–14 and can be improved by
regimens with multicourse high-dose cytarabine.30 Two
large recent studies demonstrated that patients who
carry a secondary �22 in addition to inv(16) or t(16;16)
have a significantly reduced risk of relapse compared
with patients with an isolated inv(16)/ t(16;16).23,24 The
reasons for this difference in outcome and the molecular
consequences of trisomy 22 remain to be elucidated.

ACUTE PROMYELOCYTIC LEUKEMIA—A DISEASE WITH
RETINOIC ACID RECEPTOR � REARRANGEMENTS
Acute promyelocytic leukemia (APL) is the third cate-
gory in the WHO classification that is characterized by
specific cytogenetic and molecular genetic rearrange-
ments as well as unique marrow morphology, presenting
clinical features, and responsiveness to targeted therapy
with all-trans-retinoic acid (ATRA). APL comprises from
8% (adults) to 10% (children) of AML cases.13 Essentially,
all patients with APL carry a gene fusion of the retinoic
acid receptor � (RARA) gene, located at 17q12-21, with
one of several partner genes, the most common of
which is the promyelocytic leukemia (PML) gene, mapped
to 15q22. In the vast majority (�90%) of APL patients,
the PML-RARA fusion gene is created by a subtle but

detectable microscopically reciprocal translocation
t(15;17)(q22;q12–21); in an additional 4%, the PML-
RARA gene is generated by an insertion of a small seg-
ment from 17q, with the RARA gene into the locus of
the PML gene.31 Most of these insertions are cryptic,
i.e., not detectable by routine cytogenetic study, and
associated with a normal karyotype; they can be identi-
fied only using RT-PCR or fluorescence in situ
hybridization (FISH). Approximately one-third of APL
patients with t(15;17) carry at least one secondary aber-
ration, the most common of which is trisomy 8 or 8q.
Additionally, in a small proportion of APL cases, other,
rather infrequent, chromosomal aberrations are found,
including t(11;17)(q23;q12–21), t(11;17)(q13;q12–21),
t(5;17) (q35;q12–21), and dup(17)(q21.3q23). Each of
these rearrangements results in a fusion of the RARA
gene with, respectively, the PLZF gene at 11q23,
NUMA1 gene at 11q13, NPM gene at 5q35, and STAT5b
gene at 17q21.1�21.2.32,33

The RARA gene is a member of the nuclear hormone
receptor gene family and contains transactivation,
DNA-binding, and ligand-binding domains. As a conse-
quence of the t(15;17) or ins(15;17), the DNA- and lig-
and-binding domains of RARA are fused to the PML
gene. The chimeric PML-RARA fusion protein binds to
corepressor/HDAC complexes with higher affinity than
does the wild-type RARA, leading to aberrant chro-
matin acetylation and alterations of chromatin confor-
mation that inhibit the normal transcription of genes
regulated by RARA. This blocks cell differentiation and
leads to the accumulation of leukemic blasts at the
promyelocytic stage. Importantly, therapeutic doses of
ATRA, but not physiological ATRA levels, are capable of
changing conformation of the PML-RARA protein and
releasing corepressor/HDAC complexes that lead to
transcriptional activation of downstream target genes.
Moreover, both ATRA and arsenic trioxide, another
compound used in targeted APL treatment, also induce
proteolysis of the PML-RARA protein. This leads to
granulocytic differentiation of the leukemic blasts.34

A strong correlation exists between t(15;17)/PML-
RARA and its variants and marrow morphology in
which abnormal promyelocytes dominate. There are
two major morphologic subtypes of APL, hypergranu-
lar (or typical) and microgranular (or hypogranular),
and both are associated with the presence of
t(15;17)/PML-RARA or variants. The microgranular
variant, which sometimes can be misdiagnosed mor-
phologically as acute monocytic leukemia, is associ-
ated with very high leukocyte counts with abundant
abnormal microgranular promyelocytes.1

It is important to determine which of the APL-associ-
ated translocations and gene fusions are present,
because patients with t(11;17)(q23;q12–21)/PLZF-RARA
are resistant to standard ATRA-based therapy. Although
it has been reported that t(11;17)(q23;q12–21)/PLZF-
RARA-positive APL displays distinguishing morphologi-
cal and immunophenotypic characteristics, such as



prevalence of blasts with regular nuclei, an increased
number of Pelger-like cells, and CD56 positivity,35 the
diagnosis should always be supported by results of cyto-
genetic, FISH, and/or RT-PCR analyses. 

AML WITH REARRANGEMENTS OF BAND 
11Q23 AND THE MLL GENE 
This category represents approximately 4% of cases of
adult AML, but rearrangements involving band 11q23
and the MLL gene (also known as ALL1, HRX, and
HTRX) are three to four times more common in chil-
dren with AML, being especially frequent among
infants aged 12 months or less, 43–58% of whom carry
an 11q23/MLL abnormality.13 At both the cytogenetic
and molecular genetic level, AML with the 11q23/MLL
rearrangements is extremely heterogeneous. Well over
30 different balanced chromosome abnormalities,
mostly translocations but also inversions, insertions,
and interstitial deletions, involving band 11q23 and
another chromosome locus have been reported.5,36 The
most common of these is t(9;11)(p22;q23), resulting
in the AF9-MLL gene fusion; other more frequent recur-
rent translocations and fusion genes in AML include
t(6;11)(q27;q23)/AF6-MLL, t(11;19)(q23;p13.1)/MLL-
ELL, and t(11;19)(q23;p13.3)/MLL-MLLT1.

In some studies, patients with various 11q23/MLL
rearrangements have been included in the same cyto-
genetic category and classified as having either
adverse9 or intermediate8 prognosis. However, increas-
ing evidence suggests that prognosis of patients with
11q23/MLL rearrangements depends on the partner
chromosome/gene involved, with t(9;11)-positive
patients having a better prognosis,37,38 which places
them in the intermediate cytogenetic risk group.10 The
survival of adults with t(6;11) and t(11;19)(q23;p13.1)
studied by Cancer and Leukemia Group B (CALGB)
was significantly shorter than that of the cytogeneti-
cally normal group, and consequently they were
assigned to the adverse-risk group for survival.10

The MLL gene is a homeotic regulator that shares
homology to sequences of the Drosophila trithorax
gene. It encodes a nearly 430-kd protein. The C-termi-
nus of MLL positively regulates HOX gene expression
during development of hematopoietic stem cells. The
N-terminus contains an AT hook region functioning
as a DNA-binding domain and a region similar to the
noncatalytic domain of methyltransferases.

Additionally, amplification of the MLL gene, with-
out rearrangements of the gene, has been recently
recognized as a recurrent aberration in patients with
AML and myelodysplastic syndromes (MDS), a com-
plex karyotype, and results in an adverse progno-
sis.39–41 MLL amplification was shown to result in
overexpression of the gene and MLL gain of function
because it was associated with increased expression of
one of its physiologic downstream targets, HOXA9.42

In addition to rearrangements generated by chro-
mosome translocations, the MLL gene can also be

rearranged in AML patients without structural chro-
mosome abnormalities involving band 11q23. These
MLL rearrangements occur in the majority of patients
with isolated trisomy 1143 and in 8–11% of karyotyp-
ically normal adults with de novo AML,44,45 and
result from a PTD spanning exons 5 through 11 or,
less frequently, exons 5 through 12.43–46 Among
patients with normal cytogenetics, the MLL PTD con-
fers poor prognosis (Table 2.3), and represents an
independent adverse prognostic factor for remission
duration.45

MOLECULAR GENETICS

MUTATIONS IN AML-ASSOCIATED 
TRANSCRIPTION FACTORS 
CEBPA
The CEBPA gene encodes a transcription factor
expressed mainly in myelomonocytic cells that is
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Table 2.3 Genetic anomalies that impact prognosis of
AML patients with normal cytogenetics

Internal tandem duplication CRD, DFS, and survival
of the FLT3 gene significantly shorter for

patients with FLT3 ITD com-
pared with patients without
FLT3 ITD; especially, poor
outcome for FLT3 ITD
patients with no expression
of an FLT3 wild-type allele or
a high FLT3 mutant/wild-
type allele ratio

Loss-of-function mutations CRD and survival
of the CEBPA gene significantly longer for

patients with the CEBPA
gene mutations compared
with patients without
mutated CEBPA

Partial tandem duplication CRD and EFS significantly 
of the MLL gene shorter for patients with MLL

PTD compared with patients
without MLL PTD

Overexpression of the DFS, EFS, and survival
BAALC gene significantly shorter for

patients with high expres-
sion of BAALC compared
with low BAALC expression
patients

Mutations of the NPMI CR rates, EFS, RFS, DFS, 
gene and OS significantly better 

for patients with NPMI
mutations who do not 
harbor FLT3 ITD

CRD, CR duration; DFS, disease-free survival; EFS, event-free 
survival; RFS, relapse-free survival; OS, overall survival.

Genetic rearrangement Prognostic significance
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essential for granulopoiesis, showing cell-type-specific
and differentiation-stage-specific expression patterns.
Mutations in CEBPA have been reported in 7–11% of
AML patients.47,48 These include N-terminal nonsense
mutations resulting in a premature termination of the
full-length protein with dominant-negative properties,
and C-terminal in-frame mutations resulting in
a decrease of DNA-binding potential. Interestingly,
CEBPA mutations have been found predominantly
in AML FAB subtypes M1 or M2, suggesting the induc-
tion of a stage-specific block in the differentiation
pathway. Clinical studies have revealed that mutations
in CEBPA confer a favorable prognosis in AML patients
with normal cytogenetics,49 and among those classi-
fied in the intermediate-risk cytogenetic group.47,48

RUNX1
In addition to its involvement in the translocation
t(8;21), RUNX1 is also dysregulated by mutations found
in patients with AML and MDS, as well as by amplifica-
tion in patients with ALL. Germline mutations result-
ing in RUNX1 haploinsufficiency have been reported in
cases of familial platelet disorder, an autosomal-domi-
nant disease with quantitative and qualitative platelet
defects and progressive pancytopenia, with a predispo-
sition to development of AML.50 In de novo AML,
somatic point mutations occur in up to 10% of cases.
Interestingly, RUNX1 mutations are mainly found in
minimally differentiated AML (FAB M0), with a fre-
quency of up to 22%, reflecting the importance of
RUNX1 in the earliest stages of hematopoiesis.

GATA1
The gata-binding protein 1 (GATA1) gene, located 
at Xp11.23, encodes a lineage-specific zinc-finger 
transcription factor required for normal development
of erythroid and megakaryocytic lineages. Inherited
missense mutations within the zinc-finger domain
inhibiting the interaction with the essential cofactor,
Friend of GATA1 (FOG1), have been found in familial
dyserythropoietic anemia and thrombocytopenia.
Somatic mutations leading to production of an alter-
native protein that retains its intact zinc-finger inter-
action domain have been identified exclusively in
patients with Down syndrome suffering from AMKL or
transient myeloproliferative disorder.

SIGNAL TRANSDUCTION PATHWAYS
Signal transduction pathways control the transmission
of extracellular signals (e.g., growth factors, including
G-CSF, GM-CSF, and FLT3 ligand) via the receptor-
tyrosine-kinase-RAS cascade into intracellular response
mechanisms (proliferation, differentiation, and apop-
tosis). In AML, mutations, epigenetic changes and
aberrant expression of genes involved in these path-
ways, result in increased proliferation and/or dysregu-
lated differentiation and apoptosis.

RECEPTOR TYROSINE KINASE AND DOWNSTREAM
SIGNALING PATHWAYS
Members of the RTK-RAS signaling pathway, including
receptor tyrosine kinases (RTKs) such as FLT3, FMS,
KIT, and VEGFR, and the NRAS and KRAS genes, are
frequently (in more than 50% of patients) mutated in
AML; as a result, this pathway appears to play a central
role in leukemogenesis. The identification of these
specific molecular alterations has not only helped in
elucidating the mechanisms involved in leukemogen-
esis, but also has resulted in targeted therapies, such as
FLT3 inhibitors for AML patients with FLT3 ITD or
FLT3 overexpression, RTK inhibitors for patients with
KIT mutations or overexpression, as well as RAS
inhibitors including farnesyltransferase inhibitors.51

FLT3
The FLT3 gene encodes a class III RTK, which plays an
important role in cell proliferation, differentiation, and
survival. The FLT3 receptor is preferably expressed on
hematopoietic stem cells, and activation by its ligand
(FLT3 ligand) induces oligomerization leading to phos-
phorylation and activation of downstream pathways
(mainly via phosphorylation of intracellular substrates).
Mutations of the FLT3 gene are found in up to 40% of
AML patients. These mutations include FLT3 ITD,
affecting exons 14 and 15, in up to 30% of patients, and
activating point mutations of D835 within the activa-
tion loop in the tyrosine kinase domain (TKD; Asp835
mutation), in about 5–10% of AML cases. The FLT3 ITD,
as well as mutations in the TKD, promote autophos-
phorylation of FLT3, and the constitutively active
receptor confers ligand-independent proliferation.52

Clinical studies have demonstrated that both adults
and children with AML and FLT3 ITD have a signifi-
cantly inferior clinical outcome.53–60 In some analyses,
the worst outcome has been bestowed by FLT3 ITD
coupled with lack of an FLT3 wild-type allele or a high
FLT3 mutant/wild-type allele ratio.59,60 In one study,
relatively infrequent patients with simultaneous pres-
ence of both the FLT3 ITD and the Asp835 mutation
had the least favorable outcome.61 However, although
FLT3 ITD is also common in APL patients with
t(15;17), it has thus far not been shown to predict
prognosis in these patients.55,57,62 Likewise, FLT3
Asp835 mutations have not hitherto been correlated
with inferior prognosis, but because they are relatively
infrequent, larger clinical studies are necessary to
determine their prognostic importance. 

KIT
Asp816 substitution mutations that result in constitu-
tive activation of KIT have been found in about 5% of
AML patients.63 KIT exon 8 mutations have been
found in 24% of patients with inv(16) and 2% of
t(8;21)-positive patients, whereas KIT Asp816 mutations
were present in 8% of patients with inv(16) and in
11% of those with t(8;21) AML.64 In patients with



inv(16), KIT mutations were associated with a signifi-
cantly higher relapse rate.64

RAS
The small membrane-associated G protein RAS and its
relatives are signal transduction components connect-
ing various classes of receptors (including RTK) to
cytoplasmic pathways. Mutations of the GTPase onco-
gene NRAS occur in about 15% of AML patients, KRAS
mutations occur in fewer than 5% of cases, and HRAS
mutations are rare. NRAS mutations (primarily point
mutations in codons 12, 13, and 61) occur at specific
positions that are critical for guanine triphosphate
(GTP) hydrolysis, thereby preventing the conversion
of the active RAS-GTP to the inactive RAS-GDP.

OVEREXPRESSION OF THE BAALC GENE
The BAALC gene, mapped to band 8q22.3, encodes a
protein with no homology to any known proteins or
functional domains. BAALC is expressed mainly in neu-
roectoderm-derived tissues and hematopoietic precur-
sors, with no expression in mature BM or blood
mononuclear cells.65 High expression of BAALC mRNA
in circulating blasts is an independent adverse prognos-
tic factor in uniformly treated adults younger than 60
years with de novo AML and normal cytogenetics.19,20

In another, smaller study, high expression of BAALC
predicted shorter disease-free survival (DFS) and overall
survival in patients with a normal karyotype who did
not carry FLT3 ITD or mutations in the CEBPA gene.21

COOPERATION BETWEEN MUTATIONS
It has been hypothesized that at least two somatic
mutations with differing consequences collaborate to
induce AML, as each alone is incapable of fully trans-
forming a normal into a leukemic cell. These include
mutations in the signal transduction pathways confer-
ring a proliferation stimulus and mutations in genes
encoding hematopoietic transcription factors that
impair cell differentiation. This concept is consistent
with Knudson’s two-hit hypothesis, which proposes
that at least two events are necessary to promote can-
cer.66 This concept is important for the understanding
of the mechanisms involved in leukemogenesis as well
as for the development of novel treatment strategies
that may have to target several dysregulated molecules
in different pathways. Interestingly, simultaneous
mutations of two genes cooperating in the same path-
way (e.g., FLT3 and RAS) are rare. 

CBF AML and additional mutations
Neither RUNX1-CBFA2T1 nor CBFB-MYH11 alone are
capable of inducing overt AML. These fusion genes
dictate the phenotype of the disease, but additional
abnormalities are required for the leukemic transfor-
mation. Recent studies have demonstrated that 40% of
AML patients with inv(16) acquire either KIT exon 8,
KIT Asp816, FLT3 ITD, or FLT3 Asp835 mutations.63,64

Mutations of the KIT gene were less common in t(8;21)
AML, with a frequency of about 13% and were absent
in non-CBF AML.64 Mutations of the FLT3 and KIT
gene were mutually exclusive. 

t(15;17)/PML-RARA and FLT3 ITD
PML-RARA contributes to the development of APL.
However, incomplete penetrance and long latency
observed in PML-RARA transgenic mice suggest that
additional events are required for complete leukemic
transformation. The observation that FLT3 mutations
are found in about one-third of patients with t(15;17)
has led to the hypothesis that the primary translocation
event might impair differentiation and a second hit,
such as the FLT3 ITD, confers the proliferation stimulus
for the leukemic cells.67 Indeed, experimental data
demonstrate that PML-RARA and FLT3 ITD cooperate
and that the two events lead to an ATRA-responsive APL-
like disease with a short latency and 100% penetrance.68

GENE EXPRESSION PROFILING
Gene expression profiling using DNA microarray tech-
nology is a powerful tool allowing analysis of expres-
sion of thousands of genes in one experiment. Early
studies demonstrated that it is possible to correctly dis-
tinguish AML from ALL based on gene expression pro-
files. This proof of principle underscored the accuracy
and power of analyzing mRNA expression levels of
thousands of genes simultaneously.69 Subsequent stud-
ies have shown that several cytogenetically and mole-
cularly defined AML subtypes, such as t(15;17)/PML-
RARA, t(8;21)/AML1(RUNX1)-ETO(CBFA2T1), and
inv(16)/t(16;16)/CBFB-MYH11, display characteristic
gene expression signatures and that these gene expres-
sion signatures, not surprisingly, correlate with clinical
outcome.70 Moreover, novel gene clusters, apparently
not corresponding to cytogenetic aberrations, have
also been identified; some have had prognostic signifi-
cance.70 These studies have identified numerous genes
selectively over- or underexpressed within particular
subtypes of AML, which may provide important
insights into the molecular pathways involved. 

EPIGENETIC CHANGES—GENE
SILENCING THROUGH DNA 
HYPERMETHYLATION 

Expression of genes involved in hematopoiesis may be
affected both by gene fusions and point mutations and
by epigenetic mechanisms such as DNA methylation.
Hypermethylation of cytosine nucleotide residues
within CpG-rich regions (CpG islands) in the gene
promoters leads to gene inactivation. CpG island
hypermethylation has been detected in almost all
types of solid tumors and leukemia, but patterns of
aberrant DNA methylation appear to differ among par-
ticular types of neoplasia, with AML displaying a rela-
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tively high number of methylation targets, some of
which are not found in solid tumors.71 There seems to
be an overrepresentation of methylated CpG islands
on chromosome 11 relative to its size.72

Most studies correlating clinical outcome with methy-
lation of other genes have linked CpG island methyla-
tion with poor prognosis. Patients with APL and
CDKN2B methylation had a significantly shorter 5-year
DFS than those without CDKN2B methylation.73 In
another study,74 CDKN2B methylation was frequently
detected in therapy-related AML and MDS patients with
deletion or loss of 7q and was shown to confer a poor
prognosis. More recently, EXT1 hypermethylation,
which is more common in APL than in other types of
AML, has been reported to increase the likelihood of
resistance to treatment with ATRA in a relatively small
series of patients.75 Importantly, clinical trials of low-dose
hypomethylating agents, such as 5-azacytidine and 5-
aza-2’-deoxycytidine (decitabine), in AML and MDS have
yielded promising results, especially in elderly patients.

CONCLUSIONS AND FUTURE DIRECTIONS

Significant progress in unraveling the genetic basis of
AML has been made during the last 30 years. First,
cytogenetic analyses have identified a great number of
recurrent chromosome abnormalities, many of which
have been dissected molecularly, leading to identifica-
tion of novel genes involved in leukemogenesis. More
recently, submicroscopic mutations and epigenetic
changes affecting other genes have been described,

and gene expression profiling has uncovered charac-
teristic molecular signatures of some AML subtypes.
Both cytogenetic and molecular findings are associated
with specific laboratory and clinical characteristics,
and are being used as diagnostic and prognostic mark-
ers, guiding the clinician in selecting effective thera-
pies. Clinical trials have begun testing the effective-
ness of treatments, using compounds targeting specific
molecular defects in leukemic blasts. Ongoing research
will likely help resolve differences among the major
cytogenetic risk-assignment schemata in prognostic
categorization of more frequent chromosome aberra-
tions, and will shed light on the currently unknown
prognostic significance of less common aberrations.
Likewise, novel molecular genetic rearrangements suit-
able for therapeutic targeting will continue to be dis-
covered. Standardization of microarray assays will
likely enable meaningful comparison of results
obtained in different laboratories and may eventually
lead to application of gene expression profiling in indi-
vidual patients, with the goal of predicting their
response to therapy and tailoring treatment to specific
molecular lesions acquired by the leukemic blasts.
These advances will hopefully result in improved clin-
ical outcome of patients with AML. 
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HISTORY OF ACUTE MYELOGENOUS 
LEUKEMIA

Acute myelogenous leukemia (AML) is a clonal disor-
der of the bone marrow that is characterized by abnor-
mal proliferation of immature myeloid cells and
arrested stem cell differentiation.1 The history of AML
dates back to the middle of the nineteenth century,
when Virchow described the clinical disease as “the
direct cause for the increase in the number of colorless
particles in the blood.”2 In 1868, Neumann related
AML to changes in the bone marrow.2

CLINICAL FEATURES IN AML

Patients usually present with symptoms secondary to
cytopenias, as the leukemia suppresses normal
hematopoiesis. Patients may have pallor, fatigue, and
shortness of breath secondary to anemia; bleeding,
bruising, and ecchymoses secondary to thrombocy-
topenia/coagulation defects; and infections secondary
to neutropenia.3 Fifteen to twenty percent of patients
will present with fevers, which can result from infec-
tion or from the leukemia itself.4 Fewer than 20% of
patients will have bone pain.4

EXTRAMEDULLARY INVOLVEMENT
More uncommonly, patients present with symptoms
secondary to leukemic infiltration of various tissues,
leading to hepatomegaly, splenomegaly, leukemia
cutis (2–10% of patients), gingival involvement,
tumorous nodules (myeloid sarcoma) (3–5% of
patients), lymphadenopathy, bone, or central nervous
system (CNS) involvement (1% of patients).3,5

Occasionally, patients may present with pericardial
effusions.2 Pulmonary infiltrates may also represent
leukemia. Leukemic infiltrates in the lungs occur more
commonly in patients presenting with high white
blood counts and a monocytic component to their
leukemia. Computed tomographic scan and bron-

choscopy may be needed to make a definitive diagno-
sis and to rule out other etiologies, such as infection
and pulmonary hemorrhage.

Extramedullary involvement is more common with
the monocytic or myelomonocytic subtypes of AML,
and may be associated with a worse prognosis. The
cytogenetic abnormality most commonly associated
with extramedullary leukemia is t(8;21)(q22;q22).5,6

The incidence of extramedullary leukemia appears to
be particularly high in patients who relapse, and may
be decreasing with the use of intensive high-dose
cytarabine as consolidation.5 The most common site
of extramedullary leukemia in patients with the
t(8;21)(q22;q22) abnormality is paraspinal disease.5

The presence of CD56, an adhesion molecule expressed
in a variety of tissues including neural tissues, may be
an additional risk factor for extramedullary leukemia
in patients with t(8;21) or monocytic AML.5,7–9

MYELOID SARCOMAS
Also known as granulocytic sarcomas, chloromas, and
extra-medullary myeloid tumors, myeloid sarcomas are
tumors of immature myeloid precursors.10 They may
precede or occur concurrently with another hemato-
logic condition, such as chronic myelogenous leukemia
(CML), AML, or other myeloproliferative disorders.10,11

They also may be a sign of relapsed disease.12 These
patients should be treated with systemic induction ther-
apy, regardless of whether or not the bone marrow is
involved. On physical examination, myeloid sarcomas
frequently have a purplish hue, and may be associated
with itching.12 When placed in dilute acid, myeloid sar-
comas turn green, because of their increased content of
myeloperoxidase.4 The diagnosis should be suspected if
eosinophilic myelocytes are present in a hematoxylin—
eosin-stained biopsy.4 If Auer rods are present or a
myeloid origin detected, the diagnosis is con-
firmed.4,13,14 CD43 positivity in the absence of CD3 is a
nonspecific but sensitive marker for myeloid sarcoma.10

Three types of myeloid sarcomas are described in the
World Health Organization (WHO) classification:
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(1) blastic granulocytic sarcoma, which is composed
almost exclusively of myeloblasts; (2) immature form
of granulocytic sarcoma, composed of a mixture of
promyelocytes and myeloblasts; and (3) differentiated
granulocytic sarcoma, composed of maturing neu-
trophils and promyelocytes.10,11

Granulocytic sarcomas occur commonly in subcuta-
neous tissues, but can affect any organ.12 Patients pre-
senting with an extramedullary chloroma causing
spinal cord compression benefit from adequate local
spine radiation (in addition to chemotherapy), and
have a higher chance of neurologic recovery.5

OTHER SKIN MANIFESTATIONS
Leukemia cutis usually presents as itchy papules or
nodules that may be single or multiple.2 Skin biopsy
demonstrates myeloblasts. Numerical abnormalities of
chromosome 8 may be more common in patients with
leukemia cutis.15 There is also a trend toward a shorter
remission duration in patients with leukemia cutis.15

Unlike myeloid sarcomas and leukemia cutis, Sweet
syndrome involves a benign dermal infiltration by
neutrophils.2 Sweet syndrome occurs most commonly
in advanced myelodysplastic syndrome and AML, and
is characterized by fevers and painful red raised
lesions.2 This syndrome responds well to steroids.4,16

CNS LEUKEMIA
CNS leukemia associated with AML is not very com-
mon, and CNS prophylaxis is not routine [unlike with
acute lymphoblastic leukemia (ALL)].17 The incidence
of meningeal disease has been reported to be as high as
15% in adults.4,18 It tends to occur more commonly
with the monocytic and myelomonocytic subtypes
and is associated with higher white blood counts,
t(8;21), and the inv (16).4,12 Symptoms typically occur
secondary to elevated intracranial pressure and
include headache, blurred vision, and vomiting.12

Cranial nerve palsies, secondary to infiltration of cra-
nial nerve roots, particularly abducens palsy leading to
a lateral strabismus, may occur.12 Ophthalmologic
examination may reveal retinal infiltration and/or
papilledema.12 Cerebral masses are rare, but may occur
in patients with M4eo and inv(16).4

HYPERLEUKOCYTOSIS
Patients with high white blood counts and blast
counts can present with symptoms of leukostasis sec-
ondary to hyperleukocytosis.3 Hyperleukocytosis is
defined as a blast count of greater than 100,000/mm3

and occurs more commonly in patients with acute
monocytic or myelomonocytic leukemia.2,4 A high
early mortality is observed in patients with hyper-
leukocytosis.2 With hyperleukocytosis, inelastic
myeloblasts pack and plug blood vessels, leading to
leukostasis and thrombus formation.12 Specific
signs and symptoms can include shortness of breath,
hypoxia, diffuse pulmonary infiltrates, headache,

blurred vision, heart failure, myocardial infarction,
and priapism.2,4,12 Leukostasis more commonly occurs
with a rapidly rising blast count.12 Blasts can also
invade and disrupt arterioles, leading to hemor-
rhage.12,19 Although there are no randomized con-
trolled trials, patients with hyperleukocytosis should
be leukapheresed to help bring the blast count down.
Cytotoxic therapy should be initiated as soon as possi-
ble. If a definitive diagnosis has not been made,
hydroxyurea can be used in conjunction with (or in
place of) a pheresis until a diagnosis is made and defin-
itive chemotherapy is started. A single dose of cranial
radiation may also have some benefit in patients pre-
senting with CNS symptoms and high white blood
counts.19,20 Patients with hyperleukocytosis should
not be transfused with packed red cells until they have
received appropriate cytoreductive treatment, since
transfusion can increase blood viscosity and worsen
symptoms.

LABORATORY ABNORMALITIES IN
HYPERLEUKOCYTOSIS
Pseudohyperkalemia can be present in patients with a
high white blood count secondary to breakdown of
white cells in vitro with subsequent release of potas-
sium.2 Other spurious laboratory data that can be seen
in association with hyperleukocytosis include a falsely
elevated platelet count (secondary to white cell frag-
ments), pseudohypoxemia (secondary to oxygen
consumption by leukocyte cells), falsely prolonged
coagulation tests, and pseudohypoglycemia.4,21–24

Pseudohypoxemia and pseudohypoglycemia can be
avoided by placing samples on ice and performing
tests immediately.4,14

TUMOR LYSIS
Tumor lysis syndrome is usually seen 1–5 days after
the initiation of chemotherapy in patients with AML
and high circulating blast counts.25 In response to
chemotherapy, leukemic cells lyse, leading to hyper-
phosphatemia, hyperkalemia (or hypokalemia), hypo-
calcemia, an elevated lactate dehydrogenase (LDH),
and hyperuricemia. Hyperuricemia results from break-
down of nucleotide precursors in leukemic cells to
hypoxanthine and xanthine, and subsequent conver-
sion to uric acid.25 Renal failure can occur secondary to
precipitation of calcium phosphate crystals or uric acid
in the renal tubules.25–28 Patients at risk for tumor lysis
should be aggressively hydrated and started on allop-
urinol. Allopurinol, an inhibitor of xanthine oxidase,
decreases the production of uric acid.25 Rasburicase, a
novel recombinant form of urate oxidase, converts
uric acid to allantoin.25 Allantoin is five to ten times
more soluble than uric acid, thus allowing for more
rapid urinary excretion.25,29 Rasburicase should be
considered for patients with renal dysfunction or high
serum uric acid (i.e., �10).25 The drug should not be
administered to patients with G6PD deficiency, as an
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additional by-product of the drug is hydrogen perox-
ide, which can lead to hemolytic anemia or methemo-
globinemia in these patients.25 Alkalinizing the urine
may also increase the solubility of uric acid.25,30

Electrolytes, uric acid, and LDH should be monitored
carefully in tumor lysis syndrome.25 Any electrolyte
abnormalities should be corrected appropriately.

CLINICAL FEATURES ASSOCIATED WITH 
SPECIFIC AML SUBTYPES AND/OR 
CYTOGENETIC ABNORMALITIES

ACUTE MYELOID LEUKEMIA WITH 
INV(16) OR VARIANT
AML with inv(16) is characterized by abnormal bone
marrow eosinophilic precursors. Most will be associ-
ated with a pericentric inversion of chromosome 16.31

Less commonly, patients will have a translocation
between two homologous of chromosome 16.31 CD2 is
often aberrantly expressed.17 Associated clinical fea-
tures include a good prognosis with high-dose cytara-
bine, hyperleukocytosis, young age at diagnosis, and
an increased risk for CNS involvement.17,32–34

Extramedullary sites of disease, including cervicoton-
sillar involvement and generalized lymphadenopathy,
are particularly common, with a 33% incidence.17 An
increased incidence of acute pulmonary syndrome
(pulmonary infiltrates, hypoxia, fever, and impending
respiratory failure) has also been reported in patients
with AML and inv(16) (54%) versus patients with the
same diagnosis but without inv(16) (9%).35

ERYTHROLEUKEMIA
Erythroleukemia can occasionally be familial.36–38

Signs or symptoms which occur more commonly with
this subtype include synovitis, serositis, effusions,
bone pain, and immunologic abnormalities.4,36,39

Rheumatologic symptoms tend to respond to anti-
inflammatory agents.36,39 Specific immunologic abnor-
malities include hypergammaglobulinemia, a positive
Coombs test, a positive antinuclear antibody test, and
an elevated rheumatoid factor titer.36,39 Cytogenetics
demonstrate aneuploidy in almost two-thirds of
patients.4,40,41

ACUTE MEGAKARYOCYTIC LEUKEMIA
Patients with acute megakaryocytic leukemia rarely
present with high blast counts or extramedullary
involvement.36 Platelet counts are often normal or ele-
vated at presentation,36 while LDH levels are usually
markedly elevated, with an isomorphic pattern.36,42

Osteosclerotic and osteolytic lesions may be pre-
sent.4,43,44 Acute megakaryocytic leukemia in infants is
associated with a t(1;22)(p13;q13) abnormality.4,45

This translocation involves fusion of OTT on chromo-
some 1 with MAL on chromosome 22, thus leading to

activation of platelet-derived growth factor.4,46 This
activation may lead to the megakaryocytic prolifera-
tion and fibrosis seen in acute megakaryocytic
leukemia.4,46 These infants present with extensive
organomegaly.4 Acute megakaryocytic leukemia is also
the most common acute leukemia seen in patients
with Down syndrome47,48 and may be transient,
resolving spontaneously. 

ACUTE BASOPHILIC LEUKEMIA
This leukemia often arises from a blast crisis of
CML.36,49 Patients may present with increased hista-
mine levels and urticaria.36 By flow cytometry, many
cases will express CD9 and some will express CD7 or
CD10.10,50

SECONDARY LEUKEMIAS
Secondary leukemias are classified as a distinct type of
AML in the new WHO classification. They may
develop in patients with a preceding hematologic dis-
order [including myelodysplasia (MDS)], inherited
genetic disorder (Bloom or Fanconi anemia), or history
of exposure to radiation or chemotherapy.3 Leukemias
secondary to chemotherapy fall into two major cate-
gories: those associated with topoisomerase inhibitors
and those associated with alkylating agents. Chromo-
somal translocation 6, involving the mixed lineage
leukemia (MLL) gene at 11q23 are significantly associ-
ated with secondary leukemias.51 Eighty-five percent
of AML cases with 11q23 abnormalities develop after
exposure to topoisomerase II inhibitors, such as etopo-
side.3 The leukemias are most often monocytic or
myelomonocytic in lineage, occur shortly after
chemotherapy (2–3 years), and usually are not pre-
ceded by MDS.3 Three to ten percent of patients who
receive alkylating agents as part of their therapy for
Hodgkin’s disease, non-Hodgkin’s lymphoma, ovarian
cancer, breast cancer, or multiple myeloma develop
secondary AML.3,52 The incidence of this leukemia
peaks at 5–10 years after treatment, is often preceded
by MDS, and is characterized by deletions of chromo-
somes 5 and/or 7.3,53–55

NATURAL KILLER CELL ACUTE LEUKEMIA
This form of leukemia typically falls under M0 [in the
French—American—British (FAB) classification] or
AML minimally differentiated (WHO classification). It
is characterized by a unique immunophenotype, with
both myeloid and natural killer cell markers, suggest-
ing that it arises from a precursor common to both
natural killer cell and myeloid lineages.56 The typical
immunophenotype is CD33+, CD56+, CD11a+, CD13lo,
CD15lo, CD34±, HLA-DR�, CD16�.56 Morphologically,
the cells have deep invaginations in the nuclear mem-
brane, scant cytoplasm, and fine azurophilic gran-
ules.56 These granules often stain positive for
myeloperoxidase and Sudan black B.56 Because of the
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morphology and absence of HLA-DR on flow cytome-
try, this entity can sometimes be confused with the
microgranular variant of acute promyelocytic leukemia
(APL).56 However, it lacks the characteristic translo-
cation [t(15;17)] and patients tend to have a poor
prognosis.56

DIABETES INSIPIDUS
Diabetes insipidus is a rare complication of AML.57

Patients present with polyuria, polydipsia, and a
low-serum antidiuretic hormone (ADH) level.58

Cytogenetic abnormalities associated with cases in the
literature include monosomy 7, deletions of chromo-
some 7, and chromosome 3 abnormalities.57,59 The rea-
son for these specific associations is unknown.57

However, the proposed mechanism involves leukemic
infiltration of the neurohypophysis. Magnetic reso-
nance imaging (MRI) demonstrates a “bright spot” in
the neurohypophysis prior to treatment.59 Both MRI
findings and ADH release subsequently resolve after
chemotherapy.59

THROMBOCYTOSIS
Thrombocytosis is rare in AML, and when seen it is usu-
ally associated with chromosome 3q abnormalities.60

Platelet counts as high as 1 million/mm3 have been
reported.60–62 Typically, patients are asymptomatic,60

and may have a preceding history of MDS.4 Expression
of the EVI 1 gene (3q26.2) is thought to be involved.4,63,64

COAGULOPATHY
Coagulopathy is most commonly associated with APL,
which is characterized by the cytogenetic abnormality
t(15;17) or varient. Although APL is the most curable
subtype of AML in adults, it needs to be recognized
and treated immediately because of the risks of signifi-
cant bleeding.65 Patients with coagulopathy should be
transfused to keep their platelets above 50,000/mm3

and transfused with cryoprecipitate to keep their fib-
rinogen within the lower limits of normal. Fresh
frozen plasma should be used to correct an abnormal
prothrombin time or partial thromboplastin time.
Heparin and antifibrinolytics, such as amicar, do not
have a standard role in the treatment of APL-induced
coagulopathy, as trials have demonstrated a similar
rate of hemorrhagic death in patients with APL treated
with heparin, antifibrinolytics, or supportive care.66,67

Initially, it was thought that the coagulopathy in APL
was secondary to release of granules from the leukemic
promyelocytes.36,68,69 However, it is more likely that
the coagulopathy is secondary to release of plasmino-
gen activator from leukemic cells; while there is no
increase in platelet turnover, there is an increase in fib-
rinogen turnover and an increase in fibrin/fibrinogen
degradation products with a decrease in �2-antiplas-
min levels, suggesting activation of plasmin.36,70–74

Recent data suggest that annexin II, a receptor for fib-
rinolytic proteins, is increased in patients with APL.75

High levels of annexin increase the production of plas-
min.75 All-trans-retinoic acid (ATRA) should be initi-
ated concurrent with chemotherapy in patients with
APL. ATRA induces differentiation of leukemic cells
into mature granulocytes and decreases the incidence
of coagulation and bleeding.76 In addition, ATRA
blocks annexin II messenger RNA production through
a transcriptional mechanism.75 Patients with the
microgranular variant of APL tend to present with
hyperleukocytosis in addition to coagulopathy.77

Coagulopathy can also occur in the other subtypes of
AML, especially the monocytic forms and patients
with high white blood cell counts.36

HYPOKALEMIA
Hypokalemia occurs more frequently in patients with
monocytic and monoblastic leukemias.36 The mecha-
nism involves excess lysozyme (muramidase) produc-
tion, which may damage the proximal renal tubule,
leading to proximal renal tubular acidosis and
hypokalemia.4

MAKING THE DIAGNOSIS 

On a routine complete blood count (CBC), most
patients with AML are anemic and thrombocy-
topenic.78 The white blood count is variable, with 20%
of patients having white blood counts less than
5000/mm3 and 20% of patients with white blood
counts greater than 100,000/mm3.78 High white blood
counts and hyperleukocytosis are more common in
the monocytic leukemias.36,79 Although blasts are usu-
ally present in the peripheral blood, a subset of
patients present with “aleukemic leukemia.”

A review of the peripheral blood film and a bone
marrow aspirate/biopsy is part of the initial diagnostic
work-up and is essential for distinguishing AML from
other hematologic disorders such as ALL, MDS, or AML
arising in the setting of MDS (Table 3.1).3 Occasionally,
immature blasts can be confused with metastatic carci-
noma, plasma cell neoplasms, or lymphoma.77 The
peripheral blood film and bone marrow slides should
be air-dried and stained with a polychrome dye such as
Wright–Giesma.12

Based on the new WHO criteria, the diagnosis of
AML is made when at least 20% of nucleated cells in
the bone marrow or peripheral blood are myeloid
blasts.11 The previous FAB classification system
required 30% blasts to make a diagnosis of AML. 
The major reason for lowering the blast threshold 
is that patients with 20–30% blasts (previously con-
sidered as RAEB-t, refractory anemia with excess
blasts in transformation) have an identical prognosis
to those with 30% blasts.2 The percentage of blasts
should be determined on a 500 cell count on well-
stained bone marrow aspirate slides or a 200 cell
differential on peripheral blood smears.10,11 In certain
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Table 3.1 Specimen submission requirements and diagnostic utility

Diagnostic study Specimen requirements Tests performed Diagnostic utility Comments

CBC and differential

Bone marrow aspirate

Bone marrow biopsy

Cytochemical stains

2.5 mL whole blood in 4 mL
(EDTA) lavender top tube. Fill
tube to at least half of fill 
volume

Bone marrow aspirate smears
with extra unstained smears for
cytochemistry, iron stain, or
other studies as necessary

Bone marrow core biopsy ide-
ally >1 cm in length. Place in
appropriate fixative (B5, acid
zinc formalin, or buffered for-
malin)

Unfixed, fresh air-dried bone
marrow aspirate smears

Automated CBC with differential;
manual review of smear

Wright–Giemsa stain for routine
morphology and cell differential
count

Hematoxylin–eosin stain for rou-
tine histologic examination with
immunostains (CD34, TdT,
CD79a, Hgb, CD20, CD3, MPO,
CD61, CD10, and CD31) as 
necessary

May include MPO, nonspecific
esterase, chloroacetate esterase,
PAS, and Sudan black B

Determine absolute leukocyte count and
blast count; assess for anemia and
thrombocytopenia; evaluate blast mor-
phology; rule out quantitative or qualita-
tive abnormalities in other cell types,
including dysplastic features, presence of
nucleated red blood cells, and/or
microangiopathic changes

Determine blast percentage and evalu-
ate blast morphology; assess quantitative
and qualitative abnormalities in myeloid,
erythroid, and megakaryocytic lineages

Determine overall cellularity and per-
centage and lineage of blasts; assess
residual normal hematopoietic elements;
evaluate for associated fibrosis and/or
dysplastic features; rule out associated
disorders that mimic leukemia

Assess lineage and differentiation of
blasts. MPO and Sudan black B are used
as sensitive markers of myeloid differen-
tiation (positive defined as staining �3%
blasts). Nonspecific esterase is a marker
of monocytic differentiation. Abnormal
erythroid precursors show “block-like”
cytoplasmic staining with PAS

Blood remaining after CBC may be
used for cytochemistry, flow cytome-
try, and molecular analysis

High quality smears are essential for
accurate diagnosis; iron stain useful to
assess iron stores and presence of
ringed sideroblasts; make touch preps
of biopsy if dry tap

Immunostains may aid in diagnosis,
especially in the absence of flow
cytometry (dry tap)

Negative MPO and/or SBB stains do
not exclude a diagnosis of AML;
enzyme activity degrades over time, so
fresh unfixed material is necessary

table continues
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Table 3.1 continued

Diagnostic study Specimen requirements Tests performed Diagnostic utility Comments

Flow cytometry

Cytogenetics

Molecular analysis by
FISH

Molecular analysis by
polymerase chain
reaction (PCR)

4 mL bone marrow in 4 mL
(EDTA) lavender top tube; 4 mL
whole blood in 4 mL (EDTA)
lavender top tube, 7 mL (ACD)
yellow top tube or 4 mL
heparinized (sodium or lithium)
green top tube; or 4 mL bone
marrow in a heparinized syringe
or heparinized green top tube.
Store at room temperature.
Samples should be �30 h 
old

2–3 mL bone marrow in 4 mL
heparinized (sodium) green top
tube. Peripheral blood may be
alternate sample if circulating
immature cells present
(>1,000/	L). Store at room
temperature; do not refrigerate
or freeze

8 mL whole blood in two 4 mL
(EDTA) lavender top tubes; 4
mL bone marrow from (EDTA)
lavender top tube

5 mL whole blood in (EDTA)
lavender top tube; 2–3 mL
bone marrow in (EDTA) laven-
der top tube; refrigerate

Usually includes CD45 with
myeloid markers CD13, CD33,
CD117, and CD65; monocytic
marker CD14; T- cell markers
CD2, CD5, and CD7; B- cell
markers CD19, and CD20; non-
lineage- specific markers HLA-DR,
CD10, CD34, and TdT; NK cell
marker CD56; megakaryocytic
marker CD61; may also include
CD79a, cCD22, cCD3, cIgM,
sIgM, and MPO

GTG-banded chromosome analy-
sis; minimum 20 metaphases
analyzed (when available)

May include BCR-ABL, t(15;17),
t(8;21), inv(16), MLL rearrange-
ment, and RAR� rearrangement

May include t(9;22), t(15;17),
inv(16), t(8;21), MLL rearrange-
ment, and FLT3 rearrangement,
as necessary

Determine lineage of blasts and evaluate
for aberrant antigen expression; rule out
precursor T or precursor B acute lym-
phoblastic leukemias and acute leukemia
of ambiguous lineage. Baseline pheno-
type of blasts may be helpful for exclud-
ing relapse or monitoring minimal resid-
ual disease following treatment

Gives global information about cell kary-
otype; identifies nonrandom abnormali-
ties with prognostic significance

Gives specific information about pres-
ence or absence of a particular genetic
abnormality

Gives specific information about pres-
ence or absence of a particular genetic
abnormality. Helpful for minimal residual
disease monitoring

Bone marrow aspirate is preferred.
Helps in recognition of minimally dif-
ferentiated AML; immunophenotypic
patterns can help identify AML with
t(8;21) and t(15;17). Blast percentage
by flow cytometry may not correlate
with aspirate smear if hemodilute sam-
ple submitted

First pull of aspirate preferred. Do not
collect specimen in lithium heparin or
EDTA. Excess cells from cytogenetics
may be used for FISH analysis

Helpful at diagnosis, especially when
cytogenetic sample not submitted or
no growth

Heparinized tube unacceptable due to
interference with PCR



circumstances, 20% blasts are not needed for the diag-
nosis. For example, cases with inv(16), t(r,21) or t(15;17)
are diagnosed as acute myeloid leukemia regardless of
blast percentage according to WHO guidelines. In acute
monocytic and myelomonocytic leukemias, promono-
cytes are also counted as monoblasts for the diagno-
sis.10,11,81 In acute erythroleukemia, blasts are counted as
a percentage of non-erythroid cell if erythroid precursors
marrow comprise �50% of the differential count.

On morphologic review, myeloblasts in patients
with AML typically have delicate nuclear chromatin,
three to five nucleoli, and a variable number of fine
myeloperoxidase granules in the cytoplasm82 (Figure
3.1). Auer rods (azurophilic granules within lysozymes)
are pathognomonic for AML3 (Figure 3.2). “Faggot
cells,” blast with bundles of Auer rods, are also charac-
teristic in certain AML subtypes (AML with maturation
and APL).36 Phi bodies, fusiform or spindle-shaped
rods, which are similar to Auer rods and stain with
myeloperoxidase, may also be present.4,83

Other AML subtypes may have distinct morpho-
logic features in the blood and bone marrow. In the
monocytic/monoblastic subtype of AML, the nucleus
of the monoblasts is often indented and contains one
to four large nucleoli.36 A moderate amount of cyto-
plasm is present (Figure 3.3). Patients with acute
myelomonocytic leukemia often have a significant
monocytosis in the peripheral blood.10 Acute myeloid

leukemia with inv(16), is characterized by abnormal
eosinophils.36,84,85 In acute erythroleukemia, abnormal
erythroblasts with giant multinucleate forms, nuclear
budding, and nuclear fragmentation are found in the
bone marrow.36 (Figure 3.4). On review of a peripheral
blood film, nucleated red blood cells are often pre-
sent.36,86,87 Bone marrow fibrosis, which can make
bone marrow aspiration difficult, is typical of acute
megakaryoblastic leukemia and acute panmyelosis
with myelofibrosis.10,47 Megakaryoblasts in acute
megakaryoblastic leukemia typically have a high
nuclear/cytoplasmic ratio, varying size, and pale
agranular cytoplasm.36 Malignant proliferation of all
three myeloid cell lines is present in acute panmyelo-
sis with myelofibrosis.10 Finally, acute basophilic
leukemia is characterized by striking basophilic granu-
larity in myelocytes, and cells stain strongly with tolu-
idine blue.36

MDS is differentiated from AML on the basis of per-
centage of blasts in the bone marrow. AML arising
from MDS is characterized by dysplastic maturation of
the hematopoietic precursors and certain chromoso-
mal abnormalities (such as loss of part or all of
chromosome 5 or 7).3 In addition, patients may have
a preceding history of low blood counts. AML can
often be differentiated from ALL on morphologic
grounds. Lymphoblasts tend to be smaller in size,
with little cytoplasm and indistinct nucleoli.77
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Figure 3.1 Acute myeloid leukemia with t(8;21)(q22;q22): Peripheral blood smear shows a blast with an Auer rod (arrow)
and a neutrophil with characteristic salmon-colored cytoplasmic granules (upper left); bone marrow aspirate shows blasts
admixed with maturing myeloid cells (bottom left); and bone marrow biopsy is hypercellular with blasts admixed with
maturing myeloid cells and eosinophils. (Wright–Giemsa stain, left panels; hematoxylin–eosin stain, right panel)
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Figure 3.2 Acute myeloid leukemia with t(15;17)(q22;q21): Features of blasts include multiple Auer rods (upper left),
hypergranular cytoplasm (lower left), and bilobed nuclei (upper and lower right panels). This leukemia is often associated
with a low white blood cell count, and characteristic blasts containing multiple Auer rods may require a careful search to
identify. (Wright–Giemsa stain)

Figure 3.3 Acute monoblastic leukemia: Blasts have moderate amounts of cytoplasm and nuclei with one to two nucleoli
(left panel). Monocytic differentiation is demonstrated in the blasts by positive cytochemical stain for nonspecific esterase as
shown by red-brown cytoplasmic staining (right panel). (Wright–Giemsa stain, left panel; nonspecific esterase stain 
[�-naphthyl butyrate], right panel)



However, immunophenotyping and immunohisto-
chemistry are used to make a definitive diagnosis. By
flow cytometry, myeloblasts usually express the cell
surface antigen markers CD13 and CD33. Cells of
myeloid origin usually will be myeloperoxidase posi-
tive by cytochemical or immunostains.10 In mini-
mally differentiated AML (M0), blasts do not express
myeloperoxidase cytochemically; however, they are
myeloid antigen positive (CD13 and CD33) based on
flow cytometry.82

When performing a bone marrow aspirate, a small
amount of the first pull of the aspirate should be
placed on a slide, as hemodilution may make it diffi-
cult to interpret the aspirate. At least 5 mL of aspirate
should be sent in heparinized tubes for flow cytometry
and cytogenetics. If an aspirate cannot be obtained
secondary to fibrosis or a “packed” marrow, these stud-
ies can be performed on the peripheral blood if
enough peripheral blasts are present. Flow cytometry
can also be attempted on a biopsy specimen by per-
forming an extra biopsy, placing the sample in saline,
and “teasing” the cells from the marrow. Although
bone marrow aspirates are usually obtained from the
posterior iliac crest, a sternal aspirate can be performed
if a sample cannot be obtained. Immunophenotyping
by flow cytometry is helpful in diagnosing and subclas-
sifying AML.88 The most commonly used monoclonal

antibodies in the diagnosis of AML are CD13, CD14,
CD15, CD33, CD34, and HLA-DR47: CD13 and CD33
both are myeloid markers; CD34 and HLA-DR both are
stem cell markers; CD14, monocytic; and CD15,
myeloid-granulocytic.89 Myeloid antigens such as
CD14, CD15, and CD11b expressed on more differen-
tiate myeloid cells may be found in AMLs with
myeloid or monocytic maturation.90 CD14 and CD64
are the best markers for monocytic differentiation.10,91

The platelet glycoproteins CD41, CD42, and CD61 are
usually present in acute megakaryocytic leukemia.47,92

Flow cytometry may be particularly helpful in diag-
nosing the microgranular variant of APL. With the
microgranular variant, granules are not readily seen by
light microscopy77 (Figure 3.5). However, unlike the
other AMLs, APL is both CD34 negative and HLA-DR
negative by flow cytometry.47 In certain instances, flow
cytometry may also provide prognostic information.
The presence of CD56 in both M2 and M3 AML
appears to correlate with adverse prognosis.88,93–96

Immunostains used in evaluating bone marrow
biopsies include myeloperoxidase (myeloid), hemoglo-
bin A (erythroid), and CD34, CD79a, CD61, TdT (PAS,
non-specific esterase are cytochemical stains, not
immunostains). Biopsies can be stained for these mark-
ers if an aspirate for flow cytometry cannot be obtained
to better subclassify the AML.
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Figure 3.4 Acute erythroleukemia: An increase in erythroid elements with dysplastic features including megaloblastoid
chromatin and nuclear fragmentation is evident in this bone marrow aspirate smear (left panel). PAS stain is useful to iden-
tify abnormal “blocklike” cytoplasmic staining in immature erythroid precursors (right panel). (Wright–Giemsa stain, left
panel; PAS stain, right panel)



Cytogenetics are needed to assess prognosis, risk-
adapt therapy, as well as to subclassify the AML.
Cytogenetic abnormalities most commonly involve
translocations and inversions of genes encoding
transcription regulators.97 Particular cytogenetic
abnormalities are associated with specific clinical
features and prognosis. Based on the new WHO
classification, AML with specific cytogenetic abnor-
malities [t(8;21) (q22;q22), t(15;17)(q22;q21), 11q23
abnormalities, and variants inv(16)(p13q22) and
t(16;16)(p13;q22)] are classified as AML indepen-
dently of the proportion of blasts in the bone mar-
row12 (Figure 3.6). Fluorescence in situ hybridization
(FISH) for t(15;17) inv(16), t(8;21) or 11q23 rearrange-
ment should be performed if there is suspicion for
one of these rearrangements, especially if cytogenet-
ics are normal or unsuccessful since identification of
an abnormality can affect both prognosis and ther-
apy. FISH can be more rapid and sensitive than rou-
tine cytogenetics. In the future, other molecular
markers, such as the presence or absence of fms-like
tyrosine kinase 3 (FLT3) and assessment of multidrug
resistance markers may become a standard part of
the initial evaluation.

THE FAB AND WHO CLASSIFICATION 
OF AML

The FAB classification was composed of eight AML
subtypes: M0–M7. These subtypes were distinguished
based on both the degree of differentiation and the
cell lineage.3 Cytochemical stains, including myeloper-
oxidase, nonspecific esterase, and sudan black B, were
used in conjunction with morphology to identify the
subtype.47 This classification system did not require
immunophenotyping to make a diagnosis, except in
the M0 subtype (minimally differentiated AML sub-
type). Cytogenetics were also not incorporated into
this classification system. The WHO classification sys-
tem differs from the FAB classification in several
aspects. The blast percentage for AML is decreased
from 30 to 20%. In addition, biological, clinical, and
prognostic markers (such as cytogenetics) are incor-
porated into the classification. Such factors allow us
to better define the disease and risk-adapt therapy.
The new WHO classification for AML recognizes four
distinct entities: (1) AML with specific cytogenetic
abnormalities, (2) AML with multilineage dysplasia
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Figure 3.5 Acute myeloid leukemia with t(15;17)(q22;q21): The hypogranular variant is often associated with an ele-
vated white blood count with most blasts having lightly granular to almost agranular cytoplasm, but still retaining the typi-
cal bilobed nucleus (left panel). A cytochemical stain for myeloperoxidase (right panel) demonstrates intense cytoplasmic
positivity as shown by blue-black granules. (Wright–Giemsa stain, left panel; myeloperoxidase stain, right panel)



(with or without prior MDS), (3) therapy-related AML
and MDS (alkylating-agent-related or epipodophyllo-
toxin-related), and (4) AML not otherwise classifi-
able.1,12,98,99

OTHER ACUTE LEUKEMIA ENTITIES

In addition to diagnosing and subclassifying AML,
flow cytometry is needed to recognize the entities of
undifferentiated acute leukemia, bilineage leukemia,
and biphenotypic leukemia.10 Lineage-specific anti-
gens include myeloperoxidase (myeloid), cytoplasmic
CD3 (T-lymphoblasts), cytoplasmic CD22 (B-lym-
phoblasts), cytoplasmic IgM (B-lymphoblasts) and
cytoplasmic CD79a (B-cell lymphoblasts).12 In undif-
ferentiated acute leukemias, no lineage-specific antigen
is detected,10 and often only one lineage-associated
antigen (such as CD13 or CD33) is positive by flow.10

Non-lineage specific primitive stem cell markers, such
as CD34, CD38, and HLA-DR, may be present.90

Bilineage leukemia occurs when blasts derive from
two distinct lineages.10 These leukemias are sometimes
associated with the Philadelphia chromosome, t(9;22),
or the MLL gene, 11q23.90

In biphenotypic leukemias, blasts are positive for two
or three distinct lineages on the same cell.10 Specific cri-
teria are used to make this diagnosis. One commonly
used scoring system is the Royal Marsden criteria.12,100

Blasts with greater than two points for two or more lin-
eages are considered biphenotypic,12 and are considered
distinct from AML with aberrant coexpression of lym-
phoid markers.88 CD7 is the most frequent lymphoid-
associated antigen expressed in such cases.88

CLINICAL WORK-UP

A full history and physical examination should be per-
formed with special attention to any preceding history
of blood disorder or malignancy, past chemotherapy or
radiation treatments, occupational exposure, family
history, general performance status, age of the patient,
signs/symptoms of infection, and extramedullary signs
of leukemia involvement. Risk factors associated with
adverse outcome in AML include age greater than 60
years, poor performance status, secondary AML, white
blood count greater than 30,000/mm3 and an elevated
LDH.1,3,101 Tests performed at diagnosis should include
a CBC with differential, comprehensive metabolic
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Figure 3.6 Critical nonrandom chromosome abnormalities that define disease subtypes included in the WHO entity “acute
myeloid leukemia with recurrent genetic abnormalities” include t(8;21), t(15;17) and variants, inv(16) and variants, and
11q23 abnormalities. For each pair of GTG-banded chromosomes shown, the normal homologues are shown on the left,
and abnormal homologues on the right; arrows mark chromosome breakpoints. These abnormalities can also be detected by
molecular methods, including RT-PCR and FISH



panel, uric acid, LDH, prothrombin time, partial
thromboplastin time, fibrinogen, and chest X-ray (with
posterior anterior and lateral views). HLA typing (serol-
ogy) should also be performed in case a patient becomes
alloimmunized to random donor platelet transfusions
and requires HLA-matched platelets during his or her
treatment course. HLA typing at the DNA level should
be performed on any patient who may be a stem cell
transplant candidate in the future. It is best for HLA
typing to be done prior to the initiation of chemother-
apy, when more cells are present. A multiple gated
acquisition scan should be done to assess cardiac func-
tion, as induction chemotherapy regimens for AML
include an anthracycline. In addition, an indwelling
venous catheter (i.e., Hickman catheter) should be
placed for blood draws, blood product transfusions,
fluid management, and antibiotic administration.2 A
lumbar puncture is not a routine part of the work-up
unless there is clinical suspicion for CNS leukemia. 

Patients who are neutropenic and febrile should
have blood cultures drawn and should be started on
appropriate broad-spectrum antibiotics. Most patients
will also require transfusions of packed red cells and

platelets because of their anemia and thrombocytope-
nia. Blood products should be leukoreduced to prevent
transmission of cytomegalovirus, alloimmunization,
and to decrease the risk of nonhemolytic febrile trans-
fusion reactions.78 Products should be irradiated to pre-
vent the risk of graft-versus-host disease from the blood
products themselves, especially if the patient is a poten-
tial stem cell transplant candidate.78 Pooled random
donor platelets (with exposure to six to eight donors per
transfusion) are used initially, and single donor or HLA-
matched platelets are used if patients become refrac-
tory to pooled platelets.102 Patients who are not
bleeding and are not having procedures done should
be transfused for platelet counts less than or equal to
10,000/mm3.102,103 Hydration and allopurinol should
be initiated to decrease the risk of tumor lysis syn-
drome in patients with high circulating blast counts. It
is important to have a frank discussion with the patient
prior to treatment regarding the diagnosis, prognosis,
tests needed for work-up, length of hospitalization,
potential complications of treatment, need for transfu-
sions, and treatment plan.
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INTRODUCTION

Acute myeloid leukemia (AML) is a disorder character-
ized by a malignancy of the bone marrow stem cell at
either a pluripotent or committed stage of develop-
ment, which leads to an overproliferation of
leukemic cells (blasts), which can be shown to have
either cytochemical and/or immunophenotypic fea-
tures of myeloid (including monocytoid, erythroid, or
megakaryocytic) lineage. A brief list of the pathophys-
iologic abnormalities leading to this malignancy
include unbridled proliferation, failure to undergo
normal maturation, the inability to undergo pro-
grammed cell death, and overreliance on angiogenic
mechanisms. The disordered growth in the myeloid
stem cell compartment leads to the patient’s death
from bone marrow failure, unless a successful thera-
peutic strategy is employed. The fundamental differ-
ences in disease biology and clinical response between
AML arising in younger (generally considered to be
less than 60 years in age) verses older adults have lead
to different therapeutic approaches in these groups.
This chapter deals with the therapeutic strategies avail-
able for those younger adults who are by and large able
to withstand (and benefit from) intensive chemother-
apy and stem cell transplantation.

The major challenge in the management of the
adult, age 18–60 years, with AML is to employ the
available therapies in a fashion that will maximize the
chance of a cure for any individual. The chance of
long-term disease-free survival for an adult in this age
group today is approximately 33%.1,2 However, our
recent knowledge of risk at presentation, largely due to
chromosome findings at diagnosis, suggests that some
patients with AML can expect long-term disease-free
survival rates in the range of 70%, while others are
rarely cured.3 These vastly different prior probabilities
of success with available therapy suggest that, with
appropriate use of so-called risk-adapted approaches,

one could prevent overtreatment in the good progno-
sis groups and maximize treatment in those destined
to do poorly. Moreover, increasing knowledge about
the specific pathophysiological events at the genetic
level4 also gives rise to the hope that therapy could tar-
get the specific genetic lesion or lesions in a given
patient’s leukemic cells, thereby improving the thera-
peutic index and leading to a higher cure rate with less
toxicity.

DIAGNOSIS AND CLASSIFICATION

Once the diagnosis of acute leukemia is suspected on
the basis of abnormal blood counts, immature cells
appearing in the peripheral blood differential, or the
finding of extramedullary leukemia (especially in cen-
tral nervous system, gums, or meninges, particularly in
patients with monocytic subtypes), one should under-
take a full diagnostic work-up that includes delin-
eation of the AML subtype, as well as the definition of
the risk group. In fact, the classification system 
for AML is evolving from the cytochemical and
morphologically based French—American—British
scheme5 to the cytogenetically centered World Health
Organization (WHO) system.6 The WHO classification
system acknowledges the critical impact of cytogenet-
ics on prognosis as well as our improved pathophysio-
logical understanding based on genes at balanced
translocation breakpoints.

Although most subtypes of AML are treated in a sim-
ilar fashion at least initially, it is important to recognize
the 10–15% of AML patients who have acute promye-
locytic leukemia (APL),7 characterized by malignant
cells that appear as heavily granule-laden malignant
promyelocytes with frequent Auer rods. These heavily
myeloperoxidase-positive APL cells generally possess
the characteristic t(15;17) cytogenetic abnormality,
with a resultant PML-RARA rearrangement detectable
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on reverse transcription polymerase chain reaction
analysis. APL is treated in a distinct fashion (see
Chapter 6). 

In addition to the definition of the AML subtype
and risk strata, it is imperative to assess the underlying
medical state of the patient, determining if any issues
such as cardiac, renal, or pulmonary dysfunction
might compromise the ultimate therapeutic plan.
Finally, given the possibility that the patient might
become a candidate for allogeneic stem cell transplant
at some point, patient and sibling HLA typing should
be carried out shortly after diagnosis.

TREATMENT STRATEGIES

INTRODUCTION
Historically, the treatment of newly diagnosed AML
is divided into phases. Induction therapy is given to
patients to reduce the tumor burden at diagnosis,
presumed to be 1012 cells (1 kg), by approximately
three orders of magnitude down to a level at which
leukemic cells are no longer detectable in the blood
or bone marrow. Although the definition of com-
plete remission8 has undergone some degree of evo-
lution, in general, the reduction in leukemic cells
should occur concomitantly with the resumption of
normal hematopoiesis and reasonably normal blood
counts. Induction chemotherapy usually is given over
approximately 1 week. During that time, patients are
monitored carefully for signs of tumor lysis syn-
drome,9 in which a rapid release of intracellular con-
tents including potassium and phosphate may cause
hyperkalemia, hyperphosphatemia, and secondary
hypocalcemia. Secondly, the large load of purine
metabolites can lead to high uric acid levels, with the
development of renal failure on the basis of urate
nephropathy.9 Tumor lysis syndrome is much less
common in AML than in the somewhat more
chemotherapy-sensitive lymphoproliferative leukemias,
but it is generally accepted that AML patients should
receive IV fluids and allopurinol to help prevent this
complication. Alkalinization of the urine with the
administration of intravenous sodium bicarbonate to
maintain uric acid in its more soluble urate form is gen-
erally not necessary or advisable. The lysis of leukemic
cells can result in exposure to tissue factor and other
procoagulants, causing disseminated intravascular
coagulopathy (especially in APL),10 with associated
bleeding and/or thrombosis.

Certain patients with AML, particularly those with
monocytic subtypes (whose blasts tend to be
“sticky”), who present with an absolute blast count of
75,000/uL or greater can experience life-threatening
problems with leukostasis. Such complications could
include cerebral or pulmonary dysfunction due to
plugging of small capillaries in these organs.
Treatment for this actual or impending condition is

aggressive use of intravenous hydration and cytore-
ductive measures: usually hydroxyurea11 and occa-
sionally leukopheresis.

Complete remission is usually achieved 4–6 weeks
after beginning induction chemotherapy. At that time,
patients generally have recovered from the nonhema-
tologic toxicities of induction chemotherapy, includ-
ing gastrointestinal and integumentary disruption.
After a 1–3-week rest, postremission chemotherapy
should be administered to reduce the residual unde-
tectable leukemic burden down to a level compatible
with cure. The optimal strategy to achieve such a
reduction in residual leukemic cells is controversial; the
three major options being several cycles of intensive
postremission chemotherapy, high-dose chemother-
apy with autologous stem cell rescue (sometimes
termed “autotransplant”12), and allogeneic transplant
from a histocompatible sibling or unrelated donor.
While perhaps not completely proven by prospective
clinical trials, the choice amongst these options is gen-
erally based, at least in part, on the cytogenetic find-
ings at diagnosis.3 The overall goal of induction and
postremission therapy is to prevent leukemic relapse.
Just as in the case with failure to achieve remission
with standard chemotherapy, a relapse generally signi-
fies a chemotherapy-resistant leukemic cell. Patients
may achieve a second complete remission after reinduc-
tion chemotherapy (more likely if the initial disease-free
interval is greater than 1 year).13,14 Consolidation of
such second remissions should include a high-dose
approach (either an autologous or allogeneic trans-
plant )15,16 if there is to be any possibility of long-term
disease-free survival.

INDUCTION CHEMOTHERAPY 
A disappointing fact concerning the treatment of
younger adults with AML is that the agents used for
induction therapy now are much the same as three
decades ago. Three days of an anthracycline (generally,
daunorubicin or idarubicin) in conjunction with 7 days
of continuous infusional cytarabine (100–200 mg/m2

per day)17 remains the standard approach. It has been
the practice in the Cancer and Leukemia Group B
(CALGB) and other cooperative groups to perform a
bone marrow examination approximately 2 weeks after
the start of induction chemotherapy.1 If a sufficient
degree of myeloblast reduction is not achieved, then 2
days of the same anthracycline and 5 days of cytarabine
are administered as a reinduction cycle. Occasionally,
serial bone marrows are necessary to clarify whether or
not a reinduction cycle should be administered.
Approximately 30% of younger adults with AML will
require a second course (so-called “2 � 5” reinduction).1

Although not certain, the requirement for such a rein-
duction may indicate a worse long-term prognosis.13 In
contrast to a 20–25% death rate in older adults, the
mortality associated with induction therapy in younger
adults is generally under 10%.1
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Many attempts to modify or augment standard
induction chemotherapy have been made without any
clear improvements. Whether one anthracycline is
better than another remains controversial. A trial com-
paring doxorubicin to daunorubicin during induction
indicated that doxorubicin was associated with an
increase in gastrointestinal complications, without an
improvement in response.17 Several trials conducted in
the 1980s18,19,20 reported a benefit to an idarubicin-
based induction compared to daunorubicin; the
improved results may have been due to a nonequiva-
lence of the myelosuppresive dose of idarubicin.
Although 6-thioguanine is widely used in the United
Kingdom and throughout Europe,2,21 randomized tri-
als comparing 3 � 7 with or without the addition of
this agent have not shown a clear-cut benefit with the
three-drug versus the two-drug approach.21 Given the
success of high-dose cytarabine (at least 1–1.5 g/m22

per dose) in the relapse22 and postremission settings,1

investigators have tried to either substitute high-dose
cytarabine for standard doses23 or add high-dose
cytarabine onto 3 � 724 during induction. Although a
single institution trial demonstrated a 90% complete
remission rate and a 50–60% long-term survival bene-
fit with high-dose cytarabine added on to standard
3 � 7,24 a cooperative group trial failed to show a ben-
efit for the more aggressive induction.25 The substitu-
tion of high-dose cytarabine for standard-dose cytara-
bine has also been attempted; although an improved
disease-free survival was noted in certain subgroups,
there was no clear overall survival benefit.23 The addi-
tion of etoposide, tested by the Australian Leukemic
Study Group, was also associated with an improved
disease-free, but not an overall, survival advantage.26 It
is not clear whether induction therapies that are asso-
ciated with a disease-free survival benefit, but not an
overall survival benefit, are advantageous.

POSTREMISSION THERAPY
There is an absolute need to administer postremission
chemotherapy in order to yield any chance for the
patient to experience long-term disease-free survival.
This fact was originally recognized after two trials in
the 1970s showed that some chemotherapy led to at
least a small long-term survival rate compared to no
postremission chemotherapy in which virtually 100%
of the patients succumbed to their disease.27,28 Given
our understanding that remission is achieved at a rel-
atively high leukemic burden, this is not surprising.
Several studies in the 1980s solidified the concept
that intensive chemotherapy represented the stan-
dard of care in postremission chemotherapy. High-
dose cytarabine was recognized as being biochemi-
cally distinct from standard doses of cytarabine;
patients resistant to standard-dose cytarabine could
enter a remission when doses of 1.5 g/m2 or greater
were administered.22 A phase II study documented a
40% likelihood of long-term disease-free survival in

patients achieving remission who received high-dose
cytarabine.29 Two cooperative groups in the United
States performed randomized trials in the 1980s,
comparing standard doses of cytarabine to high-dose
ara-C in the postremission setting.1,30 The Eastern
Cooperative Oncology Group compared standard-dose
ara-C to one cycle of high-dose ara-C and showed a
superior disease-free survival in patients receiving the
more intensive arm.30 CACGB study 8525 probably
represents the most important turning point in the
chemotherapy-based approach to AML in the last 40
years.1 In this trial, newly diagnosed patients with
AML (adults of all ages) were enrolled and given stan-
dard 3 � 7 induction chemotherapy, with daunoru-
bicin and cytarabine. Patients achieving remission
were randomized to four cycles of either (a) ara-C at
100 mg/m2 by continuous infusion for 5 days or (b)
cytarabine at 400 mg/m2 per day by continuous infu-
sion for 5 days, or (c) high-dose cytarabine at 3g/m2

over 3 h given q 12 h on days 1, 3, and 5 (total six
doses). All patients then received an additional four
cycles of outpatient daunorubicin for 1 day and low-
dose cytarabine for 5 days at 100 mg/m2 daily. In
adults under the age of 60, the best results (superior
disease-free and overall survival) were seen in those
who were randomized to the high-dose cytarabine.
The 45% long-term disease-free survival in such
patients achieving remission was comparable to that
observed with allogeneic stem cell transplant, and
established high-dose cytarabine as the treatment of
choice in the postremission setting.

Subsequent trials and practices have deviated from
the precise schedule of postremission therapy in
CALGB 8525. First, Bloomfield and colleagues showed
that not all types of AML benefited equally from the
intensive arm.31 Specifically, most of the benefits of
high-dose cytarabine were noted in patients with
inversion of chromosome 16 or t(8;21). Both of these
abnormalities were recognized to confer a favorable
prognosis3 and also to represent abnormalities of the
core-binding factor heterodimer transcription factor.32

The precise reason why such patients’ leukemic cells
are so sensitive to intensive chemotherapy remains
unknown, but the relatively good prognosis character-
istic of these cytogenetic abnormalities has been docu-
mented in studies worldwide. Subsequent studies have
shown that inversion 16 patients actually do some-
what better than those with t(8;21).33 Also, clear from
reanalysis of CALGB 85251,31 and data from other
sources3 is that a subgroup of patients (about 15% of
the total) with complex abnormalities or deletion of all
or part of chromosomes 5 and/or 7 has a poor prognosis
even when intensive postremission chemotherapy is
applied. In part because of the difficulty of administer-
ing four cycles of postremission intensive chemotherapy
followed by four cycles of maintenance chemotherapy,
subsequent studies conducted by the CALGB have
employed three cycles of high-dose ara-C. It does seem
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clear that at least three cycles of high-dose ara-C are
required to obtain benefit in patients with good progno-
sis chromosomal abnormalities.34

A subsequent CALGB trial randomized patients in
remission to receive three cycles of high-dose ara-C or
three cycles of a so-called noncross-resistant combina-
tion of chemotherapy regimens that included one
cycle of etoposide/cyclophosphamide and one cycle of
diaziquone (AZQ)/mitoxantrone. No relapse-free or
overall survival differences in the randomized arms
were seen.35 While relatively long-term low-dose
chemotherapy (maintenance chemotherapy) is rou-
tinely employed in the management of patients with
acute lymphoblastic leukemia, its use in AML remains
controversial. Whereas older studies failed to show
benefit for patients receiving maintenance chemother-
apy,36 the good results seen in CALGB 8525 (in which
patients received four cycles of a maintenance-type
chemotherapy regimen) and recent results from the
German Leukemia Cooperative Group37 have sug-
gested that reexploration of the role of maintenance
chemotherapy in AML is appropriate.

Given the adoption of high-dose ara-C or similarly
intense regimens as the standard of care for adults with
AML, studies have attempted to understand the risk
factors for high-dose ara-C-induced cerebellar toxic-
ity38,39 and to define the role of stem cell transplanta-
tion compared to such intense therapy. Even though
high-dose ara-C is useful and is associated with a much
lower mortality rate than allogeneic stem cell trans-
plantion, the associated neurotoxicity can be devastat-
ing, especially if irreversible, as is the case about 50%
of the time. The incidence of high-dose ara-C-associ-
ated cerebellar toxicity can be lowered if older patients
(who do not seem to benefit from this approach)1,40

and/or those with elevated serum creatinine or
impaired liver function are given alternative postrem-
ission therapy.

ROLE OF HEMATOPOIETIC STEM CELL
TRANPLANTATION
Improvements in supportive care, as well as the use of
high-dose chemotherapy, have made intensive postre-
mission chemotherapy a more attractive option as pri-
mary postremission management for most adults with
AML in first remission. Similarly, improvements in
management of patients after allogeneic stem cell
transplantation, including improved graft-versus-host
disease prophylaxis, and more recently, the ability to
perform molecular histocompatability typing, have
resulted in steadily improving the outcome for
patients undergoing allogeneic stem cell transplanta-
tion. Furthermore, high-dose chemotherapy with
autologous peripheral stem cell transplantation is yet
another feasible option that can be employed in the
postremission management of the younger adult with
AML. Four important prospective randomized con-
trolled trials have attempted to define the optimum

postremission management of patients with AML,
under the age of 50–60, who are in first remission. The
trials were all conducted in the 1980s and 1990s, both
during the time when intensive high-dose ara-C based
chemotherapy was coming into frequent use and when
the aforementioned improvements in allogeneic trans-
plantation were being seen. The trial design in each
case was similar in that the patients were enrolled at
diagnosis; those in remission deemed to be candidates
for further aggressive therapy were allocated to allo-
geneic stem cell transplantation if a sibling donor was
identified; and other patients were randomly allocated
to chemotherapy or autologous stem cell transplanta-
tion. In the case of the trial performed by the Medical
Research Council (MRC) in the United Kingdom,41

patients in each randomized group received the same
postremission standard chemotherapy, but those ran-
domized to autologous transplant received this at the
conclusion of all therapy. Unfortunately, even after
over 2000 patients were enrolled in these trials, the
answer remains unclear. In the first published trial,42

those allocated to allogeneic transplant or randomized
to autologous transplant enjoyed a superior relapse-free
survival than those randomized to chemotherapy;
however, there was no statistically significant improve-
ment in overall survival in those groups, possibly due
to salvage of patients in the chemotherapy group, who
later relapsed, with an eventual stem cell transplant.
The MRC trial41 did show a relapse-free survival benefit
for those randomized to autologous transplant, but
again there was no overall survival benefit; this was
really a comparison of autologous transplant to no fur-
ther therapy, in any event. It might have been a “more
fair” trial if those randomized to chemotherapy
received another cycle of chemotherapy in comparison
to the high-dose approach. A French trial showed
absolutely no difference in relapse-free survival or long-
term survival in the three groups.43 The United States
Intergroup trial44 actually showed a statistically supe-
rior survival for those randomized to chemotherapy,
presumably due to unforeseen excess toxicity in the
groups that were either allocated to the allogeneic
transplant or randomized to high-dose therapy with
autologous stem cell rescue. 

Given our increased understanding of the hetero-
geneity of AML based on the chromosome findings at
diagnosis,3 it is not surprising that several of the afore-
mentioned studies comparing chemotherapy to trans-
plantation were reanalyzed based on the impact of each
of the potential treatment strategies on patients with
various karyotypic risk groups. Unfortunately, none of
these studies were prospectively powered to answer
questions regarding the advisability of any given treat-
ment based on a certain cytogenetic risk group. Not sur-
prisingly, those patients who present with a favorable
chromosomal abnormality at diagnosis (abnormalities
of core-binding factor, either inversion of chromosome
16 or t(8;21)) fare well with any of the therapies.45
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Consequently, most authorities recommend that high-
dose ara-C-based chemotherapy be the primary postre-
mission strategy applied to this favorable group of
patients, thereby reducing their risk of toxicity. Patients
with unfavorable chromosomal abnormalities, such as
monosomy 7 or the loss of chromosome 5, should have
an allogeneic transplant in first remission.

Given the contemporary favorable results with
matched unrelated donor transplants, for the selected
young adult who presents with poor chromosomal
features at diagnosis, an unrelated matched trans-
plant in first remission could be considered. However,
for the 70% of patients who have normal or so-called
intermediate chromosomal abnormalities, the benefit
of a transplant in terms of reducing the leukemia
relapse rate is offset almost exactly by the toxicity of
the transplant. Therefore, it is difficult to recommend
an optimal strategy for this relatively large group of
patients. Patients who have intermediate prognosis
chromosomal abnormalities and a sibling donor
require a frank discussion of the risks and benefits of
each of the approaches. In general, it might be
appropriate to delay allogeneic transplant until
relapse or second remission, although patients must
understand that such delay could compromise their
chances for being able to have the transplant if not
doing well in the long term. Moreover, children seem
to have a more clear-cut benefit from allogeneic
transplant as postremission therapy.46 The younger
the adult patient, the more such a strategy makes
sense.

TREATMENT OF APL
The therapeutic approach to patients with APL differs
from that in the other histologic subtypes of AML.
This topic is discussed briefly here, while more com-
prehensive discussion appears in Chapter 6.

The use of chemotherapy in conjunction with all-
trans-retinoic acid (ATRA) is now the most widely
accepted standard approach for the induction manage-
ment of patients with APL. Many questions remain
about optimal chemotherapy. Nonetheless, once a
diagnosis of APL is established, patients should begin
therapy with ATRA because this strategy rapidly ame-
liorates the disseminated intravascular coagulopathy
which can be life threatening. An anthracycline
should be started within a few days of beginning
ATRA. Studies have conclusively shown that concomi-
tant use of chemotherapy plus ATRA is superior to
chemotherapy alone or ATRA followed by chemother-
apy.47,48 Whether or not cytarabine should be included
routinely in the induction management of APL is
controversial. The Spanish PETHEMA group has had
excellent results without the use of this drug.49 After
the chemotherapy is completed, ATRA should be
maintained until remission is achieved, an event
that may occur at a later time after the initial initia-
tion of induction chemotherapy compared with other

subtypes of AML. Once remission has been docu-
mented, at least two cycles of an anthracycline-based
consolidation regimen are appropriate.48,49 The need
for ara-C in the postremission setting remains contro-
versial. APL is the only type of AML for which mainte-
nance therapy has a clear-cut and widely accepted
role.48,50 Maintenance chemotherapy with ATRA is
indicated; the addition of oral antimetabolite therapy,
in a manner analogous to that done in pediatric acute
lymphoblastic leukemia, will further decrease the
relapse rate.48

For APL in relapse, arsenic trioxide should be
administered. This drug yields a complete remission
rate of 85%, even in highly pretreated relapse patients;
85% of those achieving remission do so at a level
below the detectability rate for the polymerase chain
reaction (PCR)-amplified PML-RARA and fusion tran-
script.51 Patients in second remission can be main-
tained with ATRA or arsenic trioxide; or, if the
leukemia is undetectable by PCR analysis, patients
should undergo stem cell harvest followed by high-
dose chemotherapy with autologous peripheral cell
rescue.52 Given the highly successful and responsive
nature of this disease, clinical research is under way, in
which patients receive limited amounts of chemother-
apy. Investigators of MD Anderson have treated
patients with ATRA and gemtuzumab ozogamicin with
good initial results.53

TREATMENT OF RELAPSED DISEASE
Patients with relapsed AML cannot be cured with stan-
dard chemotherapy. On the other hand, relapsed
leukemia is generally treated with reinduction therapy
for two reasons. First, this is an important part of the
effort to get a patient in second remission, which may
have palliative benefit. Most importantly, once the dis-
ease is under control, high-dose chemotherapy with
hematopoietic stem cell transplant is possible. Second,
patients in second remission can be salvaged with
high-dose chemotherapy and autologous peripheral
stem cell rescue (so-called autologous transplant) with
the likelihood of disease-free survival in a second
remission being about 30%.54 In most cases, if an allo-
geneic donor is available, then it is preferable to con-
sider an allogeneic stem cell transplant. With improved
molecular HLA typing, in the absence of a sibling
donor, an unrelated molecularly matched donor is an
acceptable alternative. Allogeneic transplant can be
used in situations where the remission is incomplete;
however, this procedure is more likely to be successful
if the patient is in fact in a second remission. This topic
is covered in greater detail in Chapter 9. 

The optimal therapy to use to induce a second
remission is not clear. Although in this era most
patients under the age of 60 with AML have received a
high-dose ara-C-based consolidation regimen during
first remission, the same regimen can be used for
reinduction. If the first remission duration, the most
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important prognostic factor for success with reinduc-
tion,55 is greater than 1 year, then standard reinduc-
tion therapy can be given with a good chance of suc-
cess. Otherwise, high-dose ara-C or a combination of
high-dose ara-C plus mitoxantrone and etoposide56

can be employed. Patients with a relatively short first
complete remission (CR) duration are reasonable can-
didates to be enrolled on clinical trials involving novel
chemotherapeutic agents and/or targeted agents.

NOVEL THERAPIES
The burgeoning understanding of the pathophysiol-
ogy of AML has spurred the development of a host of
investigational therapies. Table 4.1 lists a categoriza-
tion of these therapies and classifies them into thera-
pies that inhibit proliferation, promote apoptosis,
improve chemotherapeutic effect, or work by
immunotherapeutic means. Because AML is a rare dis-
ease that is already associated with fairly effective ther-
apy, the challenge of bringing any of these therapies to
improve the natural history of patients with AML is
daunting indeed. Nonetheless, there have been two
agents relatively recently approved for use in AML.

Just as ATRA was first shown to be effective by
investigators in the People’s Republic of China,57 the
first reports of the efficacy of arsenic trioxide58 also
emanated from that country. Studies done at Memorial
Sloan Kettering Cancer Center59 and at other US cen-
ters51 demonstrated that intravenously administered
arsenic trioxide led to remission in 85% of patients
with a relapsed APL. The biological effect of arsenic tri-
oxide occurs via both a promotion of differentiation
and an enhancement of apoptosis, but the precise
biochemical mechanism remains elusive. The optimal
setting for the use of arsenic trioxide in the initial
management of AML is being studied as both an alter-
native to chemotherapy, when used with ATRA,60 and
an early postremission consolidation. Toxicities of
arsenic trioxide include prolongation of the QT inter-
val, mandating the close monitoring of electrolytes
and electrocardiograms.61

Approximately 90% of patients with AML have
blasts that express the CD33 antigen on the cell sur-
face8; consequently, the humanized monoclonal anti-
body toxin conjugate gemtuzumab ozogamicin binds
to AML cells in 90% of cases. After binding to the cell
surface and subsequent internalization, the acidic
microenvironment results in release of the calicheam-
icin toxin, which binds to double-stranded DNA,
thereby promoting cell death. A phase I trial demon-
strated the feasibility of the intravenous administra-
tion of gemtuzumab ozogamicin and was associated
with some remissions in relapsed patients.62 The sub-
sequent phase II trial involving 142 patients yielded a
complete remission rate of 30% (half of whom had
relatively low platelet count at the time of remis-
sion).63 The phase II trial resulted in the approval of
this agent for the treatment of older adults with
relapsed AML not deemed to be chemotherapy candi-
dates. As a single agent, significant activity seems to be
limited to those with relapsed disease after an initial
disease-free interval of at least 3–6 months. The role of
gemtuzumab ozogamicin as an adjunct to chemother-
apy or in minimal disease settings is being explored.

One of the most important strategies is harnessing
our understanding of leukemic pathophysiology to
design drugs which will inhibit signaling pathways
promoting neoplastic cell growth and survival.
Mutations in the FLT3 transmembrane tyrosine kinase
occur in 30% of patients with AML. Such mutations
are either a 3-33 amino acid repeat in the juxtamem-
brane region (internal tandem duplication; ITD)
which occurs in about 25%, or a point mutation in the
so-called activation loop which resides in the cytoplas-
mic tail (which has a 5% incidence).64 ITD mutations,
particularly if they occur in a homozygous fashion,65

are associated with an adverse prognosis and may
account for a subgroup of patients with normal kary-
otype, who fare relatively poorly.66 FLT3 mutations
have been preclinically shown to confer growth 
factor independence in leukemic cell lines and to
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Table 4.1 Categories of novel therapies for AML

Drug-resistance modifiers
Cyclosporine A
Quinine
PSC-833

Proteosome inhibitors (e.g., bortezomib)

Proapoptotic approaches (e.g., oblimersen and 18-mer 
anti-bc1-2)

Signal transduction inhibitors 
“RAS”—targeted (e.g., farnesyl transferase inhibitors, such as

tipifarnib and lonafarnib)
Tyrosine kinase targeted

FLT3 (e.g., PKC 412, CEP 701, and MLN 518)
c-kit (e.g., imatinib)

Downstream signal inhibitors

Novel cytotoxic chemotherapy
Nucleoside analogs (e.g., troxacitabine and clofarabine)
Alkylating agents (e.g., amonafide)

Immunotherapeutic approaches
Antigens known

anti-CD33 (e.g. gemtuzumab ozogamicin)
anti-GM-CSF receptor

Antigens unknown
stimulate immune system (IL-2 and GM-CSF)
present tumor antigens effectively

dendritic cell fusion
transfer hematopoietic growth factor genes



produce a fatal myeloproliferative syndrome in
murine models.64 Small molecules that inhibit FLT3
have been shown to kill such activated cell lines and
model leukemias in mice. Early clinical trials with
several FLT3 inhibitors have shown biological activ-
ity.67,68 Farnesyl transferase inhibitors, such as tipi-
farnib (originally thought to target a posttransla-
tional modification of the ras proto-oncogene), also
produce remissions in advanced69 and untreated
older patients70 with AML.

There are several new chemotherapeutic agents, most
notably the developmental novel nucleoside analogs
troxacitabine71 and clofarabine,72 which have produced
remissions in patients with relapsed and/or refractory
AML. Certain agents such as oblimersen,73 an 18-
mer nucleotide that inhibits the translation of the anti-
apoptotic bc1-2 protein, are being developed, not as a
single agent, but to enhance chemotherapeutic efficacy.
One of the reasons for intrinsic disease resistance in cer-
tain AML patients, particularly those who are above 60,
is the relatively high expression of proteins, such as
MDR1, which confer drug resistance.74 Several clini-
cal trials have attempted to determine whether so-
called drug-resistance reversal agents can enhance
chemotherapeutic efficacy. Although one randomized
trial in relapsed AML showed a survival benefit when

cyclosporine A was added to a salvage regimen contain-
ing ara-C and daunorubicin,75 other studies76 have been
less promising.

Immunotherapeutic approaches remain a mainstay
of therapy in AML, through the mechanism of graft
versus leukemia noted following allogeneic stem cell
transplantation.77 Allogeneic stem cell transplantation,
discussed elsewhere, offers, albeit at a significant risk of
treatment-related toxicity, an effective antileukemic
approach. Whether such a “graft-versus-leukemia”
effect can be harnessed without needing to employ
high-dose chemotherapy or chemoradiation therapy
and receipt of allogeneic stem cells is a subject of active
research. Leukemia vaccines have been created, in
some cases using leukemia-specific peptides which, pre-
sented in the context of an HLA molecule, could
engender an immune response.78 Alternatively, manip-
ulating tumor cells to allow more effective antigen pre-
sentation by either dendritic cell fusion79 or transfec-
tion with a gene encoding a relevant cytokine80 may
augment antitumor immunity. Generalized stimula-
tion of the immune system with BCG was ineffective81;
however, two major randomized trials conducted by
the CALGB are determining whether interleukin-2,82

employed at the conclusion of all-planned postremis-
sion therapy, might decrease the relapse rate.
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Statistically, it is probably no accident that the first
reported case of leukemia (by Velpeau in 18271)
occurred in a 63-year old. Acute myeloid leukemia
(AML) is a disease of older adults. In the United States,
the median age is 68 years and the age-adjusted popu-
lation incidence is 17.6 per 100,000 for people 65 years
of age or older.2 Compare this to an incidence of 1.8
per 100,000 for people under the age of 65 years.2

Therefore, of the estimated 11,900 new AML diagnoses
in the United States in 2004, over half will affect
patients 60 years of age or older,3 a population consid-
ered “elderly” in the leukemia literature.4–11

Older adults with AML, when compared to younger
patients with the same disease, have a poor prognosis
and represent a discrete population in terms of disease
features (including the biology of the disease and the
incidence of secondary leukemia), treatment-related
complications, and overall outcome (Table 5.1). As a
result, older patients require distinctive management
approaches to determine whether standard treatment,
investigational treatment, or low-dose therapy or pal-
liative care is most appropriate.

DISEASE FEATURES

CYTOGENETICS
Older adults with AML have a lower incidence of favor-
able chromosomal abnormalities and a higher inci-
dence of unfavorable abnormalities compared to
younger adults with AML.12–14 In an analysis of out-
come of 1213 adult patients with de novo AML
assigned varying doses of postremission therapy, only
2% of older patients (�60 years) had the favorable
t(8;21), compared to 9.4% of younger patients (�60
years). Similarly, 3.4% of older patients had inv(16) or
t(16;16) compared to 10.4% of younger patients.15 At
the opposite end of the spectrum, with respect to unfa-
vorable cytogenetics, 9.1% of older adults had the �7
abnormality compared to 3.2% of younger adults; 6.2%

of older adults had the �8 abnormality compared to
4% of younger adults; and 18.3% of older AML patients
had complex cytogenetics (defined as three or more
cytogenetic abnormalities, not including core-binding
factor cytogenetics) compared to only 7.1% of younger
patients. Looking specifically within a population of
older adults with AML, an analysis of 1065 older
patients with de novo and secondary AML enrolled in
the Medical Research Council (MRC) AML 11 trial (in
which patients were randomized to one of three remis-
sion induction regimens and further randomized to
postremission therapy) found that 4% of patients had a
t(15;17), 2% had a t(8;21), and only 1% had inv(16).
Patients fortunate enough to have one of these abnor-
malities had a survival advantage over other patients.
Poor-risk cytogenetics included a complex karyotype
(defined here as five or more abnormalities), which was
found in 14% of patients, a �8 abnormality in 10% of
patients, a �7 abnormality in 8%, a del(5q) in 8%, and
�5 abnormality in 5% of older AML patients.13

BONE MARROW BIOLOGY
In older adults, AML is more likely to arise from a prox-
imal bone marrow stem cell disorder,16 such as myelodys-
plastic syndrome (MDS),17 and with leukemia-specific
abnormalities in more than one hematopoietic cell
lineage.18 This may explain the different disease be-
havior in this group, as well as prolonged neutropenia
following chemotherapy.6 Older adults with AML also
are more likely to have reduced proliferative capacities
in normal hematopoietic stem cells,19 which also may
affect blood count recovery following intensive
chemotherapy.

DRUG-RESISTANCE GENES
The expression of genes that mediate drug resistance
occurs with increased frequency in this age cohort.20

MDR1, the so-called p-glycoprotein (gp170) chemo-
therapy efflux pump, was found in 71% of leukemic
blasts in subjects in a Southwest Oncology Group study
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of AML patients over the age of 55 years. Compare this
to an incidence of 35% in younger AML patients.21,22

MDR1/p-glycoprotein expression is associated with
lower complete remission (CR) rates and more chemore-
sistant disease. In addition, defects in the MSH2 protein
involved in DNA mismatch repair and genome protec-
tion are expressed with greater frequency in this popula-
tion.20 Abnormalities of DNA mismatch repair due to
defective MSH2 expression could play a key role in
leukemogenesis, in particular in AML arising in older
patients or secondary to previous chemotherapy.

PRIOR STEM CELL INSULT
Older adults with AML are more likely to have a sec-
ondary leukemia arising from an antecedent MDS or
from prior therapy with chemotherapy or radiation
therapy for another cancer.23,24 Patients with this type
of AML are predisposed to having abnormalities in
chromosome 5 and/or 7.12,14 Secondary AML (AML 
that arose after MDS, myeloproliferative disorders, and
therapies or other malignancies) comprises 24–56% of
AML diagnoses in older patients.8,22,25 Compare this to
the prevalence of approximately 8% in younger AML
patients in the MRC AML 10 trial.12 AML arising from
prior bone marrow stem cell disorders, particularly
when the process is greater than 10 months in duration

prior to the development of AML, is less responsive to
chemotherapy, resulting in shorter event-free survival,
a lower CR rate, and conferring a worse prognosis.26

RESPONSE TO THERAPY

Compared to younger patients under the age of 60
years with AML, older adults are not as tolerant of or
responsive to remission induction and consolidation
chemotherapy. Treatment-related mortality following
remission induction therapy, accounting for 5–10% of
deaths in younger patients, may be as high as 25–30%
in older adults.7,27–29 These estimates can be considered
low, as they derive from clinical trials requiring mini-
mal performance statuses and often excluding patients
with certain comorbidities or known secondary AML.
High mortality rates likely result from inherent disease
biology, an increased prevalence of comorbid disease,
and a differential metabolism of induction regimen
drugs, particularly cytarabine, resulting in suprathera-
peutic drug levels.7,30,31 Concern over potential treat-
ment-related toxicities may result in undertreatment
of disease. Paradoxically, administration of full-dose
daunorubicin, for example, may result in a reduction
in early deaths by effecting a more rapid CR.18

The outcome of older adults with AML is worse than
that of similarly treated younger patients with the same
disease. Adults under the age of 60 years treated with an
induction regimen consisting of an anthracycline com-
bined with cytarabine have a 65–73% chance of attain-
ing a CR, while those over 60 years of age have a 39–61%
chance of a CR.6,7,27,28,32–35 Moreover, long-term disease-
free survival occurs in approximately 30% of younger
adults (or, 45% of those entering a CR), compared to
only 5–15% long-term disease-free survival in adults
over the age of 60 years.6,7,28,35–39 The disease features of
older adults with AML already elucidated provide the
likely explanation for this dismal survival. Again, these
numbers represent an optimistic prediction of this
population’s overall outcome. Thus, approximately 10
patients need to be treated with intensive induction
chemotherapy to effect long-term disease-free survival
in one. One out of four of those treated patients will not
leave their remission induction hospitalization alive.

INDICATIONS FOR TREATMENT

For 85–95% of older AML patients, any therapy ulti-
mately will be purely palliative. Treatment options
range from supportive care (blood and platelet transfu-
sions when needed, antibiotics to treat infections, and
growth factor support) to low-dose chemotherapy
(e.g., hydroxyurea or low-dose cytarabine arabinoside)
or investigational agents, and high-dose chemother-
apy (anthracycline- or anthracenedione-based remis-
sion induction therapy). The decision of whether or
not to offer remission induction therapy (on the part
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Table 5.1 Comparison of older and younger adults 
with AML

Older AML Younger AML
Characteristic patientsa patientsa

Population incidenceb 17.2 1.8

Favorable cytogenetics
t(8;21) 2.0% 9.4%
inv 16 or t(16;16) 3.4% 10.4%
t(15;17) 4.0% 6–12%

Unfavorable cytogenetics
–7 9.1% 3.2%
+8 6.2% 4.0%
Complex 18.3% 7.1%

MDR1 expression 71% 35%

Secondary AML 24–56% 8%

Treatment-related 25–30% 5–10%
mortalityc

Complete remissionc 39–61% 65–73%

Long-term disease-free 5–15% 30%
survivalc

a In general, older AML patients are defined as 60 years of age or
older and younger AML patients as below 60 years of age.
b New diagnoses, per 100,000 US citizens per year. Older/younger
division occurs at 65 years.
c Rates following remission induction therapy with an anthracycline-
or anthracenedione-based regimen. 

Reprinted from Stone RM, O’Donnell MR, Sekeres MA: Acute
myeloid leukemia. Hematology Am Soc Hematol Educ Program
98–117, 2004, copyright American Society of Hematology, U.S.A.



of physicians) or to receive it (on the part of patients)
therefore is not straightforward. 

Only two clinical trials have compared immediate
aggressive induction chemotherapy with an anthracy-
cline-based regimen to an alternative approach in
older adults with leukemia. One trial, conducted by
the European Organization for Research and Treatment
of Cancer Leukemia Group, randomized 60 patients to
receive either an anthracycline-based intensive induc-
tion regimen or a “wait-and-see” approach followed by
mild chemotherapy for palliation of leukemia-related
symptoms, begun a median of 9 days after diagnosis.40

Patients randomized to the intensive therapy group
survived a median of 10 weeks longer than those ran-
domized to the “wait-and-see” approach (21 weeks vs
11 weeks, P 
 0.015)—for a survival time only 16 days
longer than the amount of time they spent hospital-
ized to receive therapy. 

The other multi-institutional study randomized 87
patients over the age of 65 years to receive either an
anthracycline-based induction regimen or low-dose
cytarabine therapy.41 Fifty-two percent of patients
receiving intensive therapy achieved a CR, while only
32% of those receiving low-dose cytarabine entered a
CR. On the other hand, the frequency of early deaths
was higher in the intensive chemotherapy group (31%
vs 10%). Although the CR rates and early death rates
were statistically significantly different between the
groups, the overall survival (OS) (12.8 months in the
intensive therapy group and 8.8 months in the low-
dose cytarabine group) was not. In addition, for both
studies, the cost in early deaths, length of hospital
stay, and transfusion support was substantial. 

Given these equivocal results, algorithms of how to
approach older AML patients have been proposed.9,10,18

These suggest that, in the absence of adverse prognos-
tic factors (such as poor-risk cytogenetics, poor perfor-
mance status, significant comorbidities, or age 80 years
or above), patients be offered intensive therapy, includ-
ing enrollment in clinical trials that use intensive ther-
apy. Alternatively, patients should be given the op-
portunity to participate in a clinical trial using less
intensive therapy, or they should be offered noninten-
sive therapy or best supportive care. 

Our policy is to base treatment decisions on indi-
vidual patient preference after an informed discussion
has taken place that incorporates modified risk esti-
mates and functional patient age (Figure 5.1), without
using absolute cutoffs for prognostic factors or chrono-
logic age. 

Patients overestimate their chance for cure and 1-
year survival, and underestimate the potential for treat-
ment-related mortality. One single-center study found
that 74% of patients estimated their chance to be cured
by remission induction therapy to be greater than or
equal to 50%, and almost 90% estimated their chance
of being alive in 1 year to be greater than or equal to
50%. Almost two-thirds of patients reported that they
were not offered treatment options other than the one

they chose, despite physician documentation of alter-
natives in all cases.42 As a communication gap exists
between the extent to which physicians believe they
are informing patients and what patients report their
understanding to be, an informed discussion of treat-
ment options should include multiple explanations by
different health care personnel, the use of educational
materials, and testing patient understanding.

Outcome and treatment-related mortality estimates
should be modified to reflect baseline prognostic fac-
tors. For example, patients who fall into the “very
elderly”10 category (80 years or older) can attain a CR
with intensive therapy, but their chance of doing so is
30%, and only 7% of treated patients are alive at 1
year.43 Patients with more than one poor prognostic
factor also have diminished CR rates. Taking into
account cytogenetics, secondary AML, and MDR1
expression, older AML patients with one of these prog-
nostic factors had CR rates of 44%, compared to CR
rates of 24% when patients had two factors and 12%
when they had three.9,22 Conversely, older patients
with de novo AML, no MDR1 expression, and inter-
mediate or favorable cytogenetics have CR rates of
72–81% and the potential for a 34% 5-year OS rate.13,22

Functional patient age refers to patients who func-
tion at an age much younger than their chronologic
age might suggest, and thus may derive more benefit
from therapy.44 Formal instruments used to evaluate
functional status include The Older American Resources
and Services Questionnaire, the Medical Outcomes
Study Short Form 36, the Functional Assessment of
Cancer Therapy scale, the Charlson Comorbidity Index,
and the Karnofsky Performance Status scale, among
others.45–50 An 80-year-old patient scoring well on a
functional status evaluation may be a more appropri-
ate candidate for remission induction therapy than a
70-year-old scoring poorly. 

TREATMENT OPTIONS

REMISSION INDUCTION THERAPY
The backbone of remission induction therapy in AML
patients consists of an anthracycline (daunorubicin or
idarubicin) or anthracenedione (mitoxantrone) and
cytosine arabinoside (ara-C),6–8,23,32,33,51–58 a regimen
that has not changed in over two decades. Typically,
daunorubicin is given at a dose of 45 mg/m2/day for 
3 days, or idarubicin is given at a dose of 12 mg/m2/
day for 3 days, or mitoxantrone is given at a dose of 
12 mg/m2/day for 3 days, in combination with ara-C,
which is administered as a continuous infusion at 100
or 200 mg/m2/day for 7 days. (Frequently referred to as
7 � 3 chemotherapy.) In general, studies have compared
different anthracyclines and anthracenediones, varied
doses and schedules, and added additional agents with
some improvement in CR rates, but without any effect
on OS rates (Table 5.2). It is reasonable to tailor the
aggressiveness of daunorubicin and ara-C administration
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to the functional age of the older AML patient, with
the understanding that, theoretically, some degree of
efficacy may be compromised.

Comparing anthracyclines and anthracenediones 
A phase III trial of 489 patients over 60 years of age
compared an induction regimen consisting of mitox-
antrone and ara-C to the standard of daunorubicin
and ara-C.4 A CR was achieved by 47% of patients
treated with mitoxantrone, compared to 38% of
patients treated with daunorubicin, a difference that
did not achieve statistical significance. Early and
postinduction death rates were similar, as were toxicities,
with the exception that those treated with mitox-
antrone had a significantly higher rate of severe

infections and a trend toward a longer duration of
aplasia. OS was similar for both groups.

In older adults with AML, idarubicin may have
advantages over daunorubicin that include reduced
cardiac toxicity, circumvention of multidrug resistance
(MDR), and oral administration.59 A number of trials
have compared the two induction regimens,60–63 with
the majority demonstrating a CR advantage in the
idarubicin arm for younger adults, but no reproducible
survival advantage. An overview of trials comparing
idarubicin to daunorubicin for induction therapy
showed similar overall induction failures in patients
over 60 years of age receiving either of the two treat-
ment arms; an improved CR rate in the idarubicin arm
when compared to daunorubicin (50.5% vs 46.1%);
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Favorable or Intermediate cytogenetics (if known)
De novo AML
Patient preference for intensive therapy
Demonstrated understanding of potential risks/benefits of

intensive chemotherapy

7+3 (Ara-C x 7 days + Mitoxantrone, Daunorubicin, or
Idarubicin x 3 days)

Low-dose chemotherapy (non-myeloablative Ara-C or
hydroxyurea), clinical trial with non-intensive chemo,
aggressive supportive care, or hospice

7+3 remission induction or clinical
trial with intensive chemo

Poor functional age
Unfavorable cytogenetics
Secondary AML
Patient preference for low-dose chemotherapy or Best

Supportive Care
Patient does not understand potential risks/benefits of

therapy

Patient preference changes

Day 14 Bone Marrow assessment

Negative for myeloblasts

Positive for myeloblasts

5+2 re-induction (Ara-C x 5 days + M, D, or I x 2 days) Persistent Disease

Complete Remission

Persistent Disease

Salvage Therapy
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Clinical trial or Observation/Supportive Care/Hospice
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Poor PSGood PS

Poor PSGood PS

Figure 5.1 Approach to treating older AML patients



Chapter 5 ■ Treatment Approach to Acute Myeloid Leukemia in Older Adults 55

Table 5.2 Randomized studies defining remission induction therapy in older adults

Remission Complete Overall
Goal induction agents remission survival Comments Reference

Compare anthracyclines M (8 mg/m2/day) � 47% 39 weeks (median)
and anthracenediones A (100 mg/m2/day) 9% (5 years)

vs vs vs
D (30 mg/m2/day) � 38% 36 weeks (median)
A (100 mg/m2/day) 6% (5 years)

P 
 0.07 P 
 0.23

I (8–20 mg/m2/day) � 51% 33.6 weeks (median)
A (100–200 mg/m2/day)
vs vs vs
D (45–50 mg/m2/day) � 46% 29.9 weeks (median)
A (100–200 mg/m2/day) P 
 ND P 
 0.58

I (8 mg/m2/day) � A 45% 7 months (median)
(100 mg/m2/day) � 21% (2 years)
E (100 mg/m2/day)
vs vs vs
M (7 mg/m2/day) � A 50% 7 months (median)
(100–200 mg/m2/day) � 21% (2 years)
E (100 mg/m2/day) P 
 0.52 P 
 ND

Vary 7 � 3 dose D (60 mg/m2/day) � 54% 16% (5 years)
A (100 mg/m2/day)
vs vs vs
D (30 mg/m2/day) � 42% 10% (5 years)
A (100 mg/m2/day) P 
 0.038 P 
 0.11

D (45 mg/m2/day) � 44% 11.0 weeks (median)
A (100 mg/m2/day)
vs vs vs
D (45 mg/m2/day) � 38% 9.6 weeks (median)
A (200 mg/m2/day) P 
 0.68 P 
 0.23

Add agents D (50 mg/m2/day) � 62% 12% (5 years)
A (100 mg/m2 q 12 h) �
T (100 mg/m2 q 12 h)
vs vs vs
D (50 mg/m2/day) � 50% 8% (5 years)
A (100 mg/m2 q 12 h) � P 
 0.002a P 
 0.02a

E (100 mg/m2/day)
vs vs vs
M (12 mg/m2/day) � 55% 10% (5 years)
A (100 mg/m2/day) P 
 0.04b P 
 0.1b, 0.2c

D (60 mg/m2/day) � 46% 7 months (median)
A (100 mg/m2/day) �
E (100 mg/m2/day)
vs vs vs
D (40 mg/m2/day) � 39% 2 months (median)
A (100 mg/m2/day) �
E (60 mg/m2/day) �
P (10 mg/kg/day) P 
 0.008 P 
 0.48

Use hematopoietic D (45 mg/m2/day) � 54% 10.8 months (median)
growth factors A (200 mg/m2/day)

vs vs vs
D (45 mg/m2/day) � 51% 8.4 months (median)
A (200 mg/m2/day) �
GM-CSF (5 	g/kg/day) P 
 0.61 P 
 0.10

table continues

Early and postinduction
death rates were similar for
both arms. Patients receiv-
ing mitoxantrone had a sig-
nificantly higher rate of
severe infections (25.1% vs
18.6%) and a trend toward
a longer duration of aplasia
(22 vs 19 days)

Early induction failure
tended to be higher with
idarubicin, while late induc-
tion failure was lower.
Myelosuppression was
greater in patients receiving
idarubicin

No difference between
groups in degree of myelo-
suppression or in early death
rates

The 30 mg daunorubicin
arm was closed prematurely
due to higher response rates
in the 60 mg arm, resulting
in 42 patients receiving
lower dose daunorubicin,
and 130 patients receiving
the higher dose

This study has been criticized
for short overall survival times

There were no significant
differences in myelosuppres-
sion or other toxicities,
though neutrophils were
slower to recover in the
mitoxantrone arm. Patients
receiving ADE had higher
rates of induction death
(26%, compared to 16% for
DAT and 17% for MAC) 

Because of concern about
excessive mortality on the
ADEP arm (25 deaths vs 12
on the ADE arm), it was
closed early to further accrual

Median duration of neu-
tropenia was 15 days in the
GM-CSF arm and 17 days in
the placebo arm (P 
 0.02).
The duration of hospitaliza-
tion did not differ between
the arms; nor did the rates
of life-threatening infection,
or persistent leukemia
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and no difference in OS in this population.64 Another
study compared an induction regimen consisting of
idarubicin, ara-C, and etoposide to mitoxantrone, ara-C,
and etoposide in 160 patients over the age of 60
years.65 There was no statistically significant difference
between the two therapy arms in terms of CR rates,
neutrophil and platelet recovery (approximately 25
days in both arms), median disease-free survival, 
2-year survival, and in treatment-related toxicities.

An Eastern Cooperative Oncology Group (ECOG)
study randomized 349 newly diagnosed AML patients
older than 55 years to receive ara-C with either
daunorubicin, idarubicin, or mitoxantrone as remission
induction therapy.66 Two hundred thirty-six patients
underwent subsequent randomization to priming with
granulocyte-macrophage colony-stimulating factor
(GM-CSF) versus placebo. The overall CR rate was 42%,
the median disease-free survival was 7 months and OS
was 14 months, and therapy-related toxicity was 16%,
with no statistically significant differences among the
induction regimens. Interestingly, the CR rate and OS
were greater for the first 113 patients who did not have
a delay in receiving their induction regimen due to
priming regimen versus placebo randomization.

Although some debate exists regarding the equiva-
lency of anthracycline and anthracenedione dosing in
comparative trials, given the lack of survival benefit of
one agent over another, we consider the three to have
equivalent efficacy in the population of older patients
with AML, and thus to be interchangeable. 

Varying 7 � 3 doses
There is evidence that higher doses of anthacyclines
may affect higher CR rates.67,68 A direct comparison
was conducted by the German AML Cooperative
Group. In their study, daunorubicin at a dose of 60 mg/
m2/day was compared to daunorubicin at a dose 
of 30 mg/m2/day in combination with ara-C and 
6-thioguanine. The higher dose of daunorubicin

resulted in a significantly higher CR rate compared to
the lower dose,69,70 but there was no difference in OS.
There has never been a prospective comparison of
daunorubicin at doses of 45 mg/m2/day versus 60 mg/
m2/day in older adults, and thus we cannot recom-
mend the higher dose. 

Similarly, there does not seem to be a benefit to
higher doses of ara-C in remission induction therapy.
One study randomized 326 patients to receive ara-C at
100 mg/m2/day or ara-C at 200 mg/m2/day combined
with daunorubicin.27 For patients of age 60 years or
older, CR rates were actually lower in the higher dose
arm, though not significantly, and median OS was
similar for both groups, though this study has been
criticized for short survival times.18

Additional remission induction agents (7 � 3 � . . .)
Another approach is to take advantage of the biologi-
cal characteristics relatively specific to AML in older
adults and add experimental agents to standard
anthracycline- or anthracenedione-based therapy. A
phase I study of 31 patients of 56 years of age or older
with AML involved remission induction therapy
which consisted of mitoxantrone, etoposide, and PSC
833, a cyclosporine analog capable of inhibiting the 
p-glycoprotein efflux pump.71 The median age of
enrolled patients was 71 years, and 70% expressed 
p-glycoprotein, as would be expected in this popula-
tion.22 The overall CR was 50% after a single induc-
tion attempt, and the overall median survival was
approximately 9 months at the study’s termination. A
phase III study comparing daunorubicin, ara-C,
etoposide, and PSC 833 to daunorubicin, ara-C, and
etoposide, on the other hand, had to close accrual to
the PSC 833 arm after the first 120 patients were
enrolled when an interim analysis revealed an
increased early mortality rate compared to the stan-
dard arm.8 Cyclosporine A works in similar ways to
overcome the p-glycoprotein pump, thus increasing
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Table 5.2 continued

Remission Complete Overall
Goal induction agents remission survival Comments Reference

D (45 mg/m2/day) � A 50% 9 months (median)
(200 mg/m2/day)
vs vs vs
D (45 mg/m2/day) � A 41% 6 months (median)
(200 mg/m2/day) �
G-CSF P 
 0.89 P 
 0.71
(400 	g/m2/day)

M, mitoxantrone; A, ara-C; D, daunorubicin; I, idarubicin; E, etoposide; T, thioguanine; P, PSC-833; GM-CSF, granulocyte-macrophage colony-
stimulating factor; G-CSF, granulocute-colony-stimulating factor; ND, not done.
a For comparison of DAT to ADE.
b For comparison of DAT to MAC.
c For comparison of ADE to MAC.

Reprinted from Stone RM, O’Donnell MR, Sekeres MA: Acute myeloid leukemia. Hematology Am Soc Hematol Educ Program 98–117, 2004,
copyright American Society of Hematology, U.S.A.

The duration of neutropenia
was 15% shorter in the 
G-CSF arm compared to the
placebo arm (P 
 0.14). The
duration of hospitalization
did not differ between the
arms; nor did the rates of
life-threatening infection, or
persistent leukemia.
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intracellular anthracycline levels, and is still being
evaluated in studies.72–74

In direct or historical comparisons, no survival
advantage has been found in older AML patients, with
the addition to standard 7 � 3 therapy of etoposide or
thioguanine.8,51,65,75 The MRC AML 11 trial random-
ized 1314 older patients to receive DAT (daunorubicin,
ara-C, and thioguanine), ADE (daunorubicin, ara-C,
and etoposide), or MAC (mitoxantrone and ara-C).29

Patients randomized to the DAT arm had significantly
higher CR rates, whereas those randomized to the ADE
arm had higher rates of induction death, and those
receiving MAC had higher rates of resistant disease.
There were no substantial differences in long-term sur-
vival among the three remission induction arms.

Gemtuzumab ozogamicin
While standard induction regimens affect the replica-
tion of all bone marrow stem cells, antibody-targeted
therapy has the potential of selectively ablating malig-
nant myeloid cells while sparing normal stem cells.
Gemtuzumab ozogamicin (GO, CMA-676, or Mylotarg)
is a humanized monoclonal antibody that targets the
CD33 antigen, expressed in 90% of patients with
AML.76–78 It is conjugated to the toxin calicheamycin.
GO was approved by the Food and Drug Administration
for the treatment of older AML patients with relapsed or
refractory AML who are not candidates for other cyto-
toxic chemotherapy and whose myeloblasts express
CD33. This was based on phase 2 data showing overall
response rates of 26% and a median relapse-free survival
of 6.8 months.79,80 GO is now being used as single-agent
up-front therapy or in combination with 7 � 3 in older
AML patients. It will be discussed in more detail in the
relapsed or refractory AML setting in Chapter 9.

Hematopoietic growth factors
In the majority of AML patients, death results from
bleeding or infectious complications.81 This is particu-
larly true in older adults with AML. The utility of
hematopoietic growth factors (HGF), including granu-
locyte colony-stimulating factor (G-CSF) and GM-CSF,
for ameliorating the myelosuppressive complications
of AML therapy in older adults has been studied exten-
sively.6,35,36,38,39,67,82,83 These prospective, randomized
trials were also designed to determine whether or not
HGF had detrimental effects in the inappropriate
stimulation of leukemic cell proliferation and thus
resistance, or whether they had beneficial effects in
“priming” leukemic cells to proliferate prior to the
administration of S-phase specific chemotherapy
agents such as ara-C.10,84 With the exception of one
ECOG study that demonstrated a CR rate and OS ben-
efit in patients randomized to the GM-CSF arm (com-
pared to patients receiving no growth factor sup-
port),67 these trials found that while HGF are safe,
reduce the duration of neutropenia (by a range of 2–6
days), and do not support leukemia cell proliferation,

they also do not reliably improve the CR rate, the
length of hospitalization, the induction death rate, or
prolong survival. 

POSTREMISSION THERAPY
No randomized trial has ever demonstrated that any
amount of postremission therapy in older AML pa-
tients provides better outcomes than does no postrem-
ission therapy. That being said, the only studies
demonstrating that long-term disease-free remission 
is possible in older AML patients have included
remission induction and postremission ther-
apy.4,5,7,27–29,32,35,69,83 Standard postremission therapy
consists of a repeat of remission induction therapy,
single-agent ara-C, or 2 days of an anthracycline or
anthracenedione (the same type of drug given at the
same doses as with remission induction therapy) com-
bined with 5 days of ara-C, again given at the same
dose as with remission induction therapy (frequently
referred to as 5 � 2 postremission therapy), for one to
two cycles.85

Intensive postremission chemotherapy
Younger adults with AML benefit from intensified
doses of ara-C therapy in the postremission setting,
while older adults, particularly those with liver or kidney
abnormalities, do not (Table 5.3).5,7,30 The Cancer and
Leukemia Group B (CALGB) studied 1088 patients with
de novo AML who were randomized in first CR (follow-
ing daunorubicin/ara-C remission induction therapy) to
receive one of three postremission therapies: four
courses of ara-C at 100 mg/m2/day for 5 days as a con-
tinuous intravenous infusion, at 400 mg/m2/ day for 5
days as a continuous intravenous infusion, and at 3
g/m2 in a 3-h infusion every 12 h on days 1, 3, and 5.7

Three hundred forty-six patients were over 60 years of
age. Only 29% of older patients were able to tolerate all
four courses of ara-C at 3 g/m2. Neurotoxicity occurred
in 32% of older patients in the high-dose arm. Despite
the higher rate of toxicity in older adults, disease-free
and OS rates in this age group did not differ among the
three postremission therapy arms. 

A subsequent CALGB study randomized older AML
patients in CR following remission induction therapy to
one of two postremission regimens: ara-C at 100
mg/m2/day by continuous intravenous infusion over 
5 days for four monthly courses, or ara-C at 500 mg/m2

every 12 h in combination with mitoxantrone for six
doses, over four monthly courses.5 Although similar
numbers of patients in each arm were able to complete
all four postremission courses, survival was again simi-
lar at a cost of more toxicity in the higher dose ara-C
arm. In another study, the mortality rate among older
patients receiving high-dose postremission therapy was
57%, compared to a rate of 13% among younger
patients.37 Given the toxicity of intensive postremission
chemotherapy without a gain in survival, it is difficult
to justify such treatment in older AML populations.
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Table 5.3 Randomized studies defining postremission therapy in older adults

Completion
of all post-

Postremission remission 
Goal agents cycles Survival Comments Reference

Establish therapy A (100 mg/m2/day � 5 days) 71% �16% (DFS, 4 years) 
intensity vs vs vs

A (400 mg/m2/day � 5 days) 66% �16% (DFS, 4 years)
vs vs vs
A (3 g/m2 q 12 h days 29% �16% (DFS, 4 years)
1, 3, 5) P 
 ND P 
 0.19

A (100 mg/m2/day � 71% 11 months (DFS,
5 days) � 4 cycles median)
vs vs vs
M (5 mg/m2 q 12 h days 78% 10 months (DFS, 
1–3) � A (400 mg/m2 q median)
12 h days 1–3) � 2 cycles P 
 ND P 
 0.67

Establish therapy D (50 mg/m2/day � 2 days) � 100% 23% (OS, 5 years)
duration A (100 mg/m2/day � 7 days) �

T (100 mg/m2 q 12 h �
7 days) � 1 cycle
vs vs vs
D (50 mg/m2/day � 2 days) � 61% 22% (OS, 5 years)
A (100 mg/m2/day �
7 days) � T (100 mg/m2 q
12 h � 7 days) � 1 cycle; 
D (50 mg/m2/day � 2 days) �
A (100 mg/m2/day � 5 days) �
T (100 mg/m2 q 12 h �
5 days) � 1 cycle; C
(600 mg/m2 � 1 day) � O
(1.5 mg/m2 � 1 day) �
A (100 mg/m2/day �
5 days � Pred (60 mg/m2 �
5 days) � 2 cycles P 
 ND P 
 NS

M (8 mg/m2/day � 1 day) � 15% (OS, 5 years)
A (100 mg/m2/day �
7 days) or D (30 mg/m2/day �
1 day) � A (100 mg/m2/
day � 7 days) � 1 cycle
vs ND vs
M (8 mg/m2/day � 1 day) � 13% (OS, 5 years)
A (100 mg/m2/day �
7 days) or D (30 mg/m2/
day � 1 day) � A (100 mg/
m2/day � 7 days) � 1 cycle �
maintenance with A 
[10 mg/m2 q 12 h �
12 days (q 42 day)] �
8 cycles P 
 0.29

M, mitoxantrone; A, ara-C; DFS, disease-free survival; D, daunorubicin; I, idarubicin; E, etoposide; T, thioguanine; O, vincristine; Pred, prednisone;
GM-CSF, granulocyte-macrophage colony-stimulating factor; G-CSF, granulocute colony-stimulating factor; ND, not done; NS, not significant (though
actual value not reported).
Reprinted from Stone RM, O’Donnell MR, Sekeres MA: Acute myeloid leukemia. Hematology AM Soc Hematol Educ Program 98–117, 2004, copyright
American Society of Hematology, U.S.A.

Remission induction with
daunorubicin � ara-C.
Because of concerns
about excessive neuro-
toxicity in older patients
receiving ara-C at 3 G/m2

(32% of 31 patients), it
was closed early to further
accrual. Overall survival at
4 years in older patients
regardless of postremis-
sion therapy was 9%

Remission induction with
daunorubicin � ara-C.
Higher toxicities, including
hemorrhage, infection,
dysrhythmias, and
malaise, were experienced
in the mitoxantrone/ara-C
arm. Median overall sur-
vival times were 1.6 years
in the ara-C arm and 1.3
years in the mitoxantrone/
Ara-C arm

Patients randomized to
prolonged postremission
therapy had a higher 
5-year disease-free survival
(23% vs 16% for the DAT
arm) and lower relapse
risk at 5 years (73% vs
81% for the DAT arm),
but also more deaths in
first complete remission
(8% vs 3% in the DAT
arm). Differences were
not significant

Disease-free survival
favored the maintenance
therapy arm (at 5 years,
13% vs 7%, P 
 0.006).
No information is avail-
able regarding treatment
compliance or toxicity
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Protracted postremission chemotherapy
There does not appear to be any additional survival
benefit attained from administering one to two cycles
of postremission therapy, or in treating older AML
patients with maintenance therapy. In the MRC AML
11 trial, 371 patients who entered a CR following
anthracycline- or anthracenedione-based remission
induction therapy were randomized to receive either
one cycle of DAT consolidation therapy or DAT along
with three additional cycles of ara-C-based consolida-
tion therapy (for a total of four cycles of postremission
therapy).29 Of patients randomized to the long consol-
idation course, 61% were able to complete all four
cycles. Survival was similar at 5 years for patients ran-
domized to the short and long consolidation arms.

In the phase III trial performed by the Leukemia
Cooperative Group of the European Organization for
the Research and Treatment of Cancer and the
Dutch–Belgian Hemato-oncology Cooperative Hovon
Group, patients over 60 years of age were randomized
to remission induction regimens consisting of mitox-
antrone and ara-C versus daunorubicin and ara-C.4

Following one cycle of consolidation therapy, 151
patients in CR were further randomized to receive low-
dose ara-C maintenance therapy, or to no further
treatment. Actuarial disease-free survival was longer
for those receiving low-dose postremission therapy
compared to those not receiving therapy, with 5-year
DFS being 13 and 7% respectively. OS, though, was
similar.

Postremission stem cell transplantation
An even more aggressive approach than induction
therapy followed by consolidation or intensification
for older adults with AML consists of stem cell trans-
plantation. This topic will be covered in greater detail
in Chapter 100. Nonmyeloablative allogeneic stem cell
transplants take advantage of a graft-versus-leukemia
effect using a less intensive preparative regimen with
lower up-front mortality. The reduced treatment-
related mortality and ability to perform these trans-
plants in the outpatient setting make them an appeal-
ing option for the older AML patient with few
comorbidities and an adequate performance status.
Preliminary studies that include older AML patients
have demonstrated that durable CRs are attainable
with this treatment,86,87 though follow up is still less
than 3 years.

CLINICAL TRIALS
Remission induction therapy for older adults with
AML is no panacea, with 5-year survival rates resem-
bling those of patients with advanced lung cancer.2 It
is thus reasonable to consider investigational agents
for older AML patients up front, particularly as these
patients have a disease that resembles the advanced
MDS or secondary AML.22,88 Potential targets for
antileukemia therapy are explained in more detail in

Chapter 9. They include specific signaling molecules
required for the maintenance of the leukemic state,
such as tyrosine kinases; over expression of bcl-2, an
antiapoptosis signal; DNA methylation, associated
with suppression of regulatory genes and with disease
progression; indirect pathways that maintain leuke-
mogenesis, including angiogenesis and drug resis-
tance; and investigational agents with mechanisms of
action that differ from anthracyclines, anthracene-
diones, and ara-C, such as nucleoside analogs, farnesyl
transferase inhibitors, and MDR modulators.89–95

LOW-DOSE CHEMOTHERAPY/SUPPORTIVE CARE
In the setting of a poor functional age, serious comor-
bid medical conditions, and particularly patient pref-
erence, less intensive chemotherapy or aggressive sup-
portive care may be more appropriate treatment
options. Drugs such as hydroxyurea (generally given
in doses of 500–3000 mg/day, adjusted to the degree of
leukocytosis and/or treatment-related thrombocytope-
nia) and low-dose ara-C (at a dose of 10 mg/m2) are
well tolerated and will reduce leukocytosis for a period
of time, though neither will impact survival.96 We use
the phrase aggressive supportive care to emphasize that
symptoms will be treated vigorously and to distinguish
this modality from hospice. Blood and platelet trans-
fusions should be administered to alleviate symptoms
stemming from anemia and thrombocytopenia, and
antibiotics initiated when appropriate. In addition,
integrative therapies such as Reike, therapeutic touch,
and herbal medicines may be used by the willing
patient. These latter interventions often can be facili-
tated with involvement of a multidisciplinary team of
physicians, nurses, case managers, social workers, ther-
apists, and clergy. Hospice services should be insti-
tuted within 6 months of anticipated demise, though
some hospice organizations prohibit blood product
transfusions, which we consider to be palliative in this
population and which may result in improved quality
of life in terminal cancer patient populations.97

SUMMARY

Managing AML in older adults can be challenging on a
number of levels. While the majority of this popula-
tion will not enjoy long-term disease-free survival
because of disease features and treatment-related com-
plications, a small subset will derive a survival benefit
from aggressive chemotherapy approaches. Factors
such as functional age can be used to assess which
patients might benefit from remission induction and
postremission therapy, and which would be done a
disservice with such treatment. Studies are needed to
assess the trade-off between the slim chance of long-
term survival that might be attained with chemother-
apy and the quality-of-life issues of low-dose or aggres-
sive supportive therapy.
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INTRODUCTION

Acute promyelocytic leukemia (APL) is a clinically and
genetically distinct subtype of AML caused by fusion
of the promyelocytic leukemia (PML) gene, on chro-
mosome 15, with the retinoic acid receptor α (RARA)
gene, on chromosome 17. The fusion of PML (or one
of the rare variant partner genes) with RARA results in
a hybrid protein (PML-RARA) that interferes with func-
tion of both the wild-type PML and RARA genes. The
end result is a block in myeloid differentiation, disrup-
tion of cellular growth control, and development of
clinical APL. The disease was first described clinically
in 1957,1 and the classic reciprocal chromosomal
translocation [t(15;17)(q22;q21)] that characterizes
APL was identified by Rowley et al. in 1977.2 Almost
three decades later, the molecular pathogenesis of APL
is reasonably well understood,3 and modern treatment
regimens have been developed that lead to the cure of
more than 70% patients. From a clinical perspective,
the challenge is to further increase this cure rate, while
reducing (or eliminating) side effects and long-term
toxicities associated with intensive chemotherapy.
Well-designed clinical trials continue to be the best
option for most patients with APL, for it is only in the
context of such trials that clinicians can learn how to
safely de-escalate therapy in low-risk patients while
maintaining excellent outcomes in patients who pre-
sent with higher risk disease. 

APPROACH TO THE PATIENT WITH APL

PROGNOSTIC FACTORS
While the presence of the t(15;17) or PML-RARA fusion
confers an overall “good” prognosis to APL patients,
there nevertheless exists a subset of APL patients who are
at high risk of relapse or death despite best available
therapy. In 2000, Spanish (PETHEMA: Programa de

Estudio y Tratamien to de las Hemopatias Malignas) and
Italian (GIMEMA: Gruppo Italiano Malattie Emato
logiche dell� adulto) APL investigators defined low-,
intermediate-, and high-risk subgroups of APL patients
based on presenting white blood cell (WBC) and platelet
counts (low risk: WBC count �10,000/µL and platelet
count �40,000/µL; intermediate risk: WBC count
�10,000/µL and platelet count �40,000/µL; high risk:
WBC count �10,000/µL).4 Based on the above analysis,
as well as on data from numerous other groups, it is now
well known and accepted that APL patients who present
with WBC counts of more than 10,000/µL have a high
risk of treatment failure, due both to an increased inci-
dence of deaths during induction and to a higher risk of
relapse. Specific genetic findings, such as the bcr-3 PML
breakpoint5 and internal tandem duplication (ITD) of
the FLT3 gene,6–9 as well as microgranular morphology,
are associated with high WBC count, but have not, in
general, been found to have independent prognostic sig-
nificance in patients treated with modern all-trans-
retinoic acid (ATRA)-based regimens. Also, there is no
independent prognostic significance of chromosomal
abnormalities in addition to the t(15;17) in patients
treated with ATRA-containing regimens.10,11 Certain
immunophenotypic findings seem to be associated with
poor prognosis, specifically expression of CD2, CD34,
and CD56, but only CD56 expression has been shown to
have independent prognostic significance.12,13

THERAPEUTIC MONITORING
APL patients who enter morphologic complete remis-
sion (CR) after a single round of induction therapy will
often be reverse transcriptase polymerase chain reaction
(RT-PCR) positive, and a small minority will have low
numbers of residual abnormal promyelocytes. In gen-
eral, neither finding indicates failure of induction ther-
apy, and such patients should proceed promptly to con-
solidation. However, a positive RT-PCR result at the end
of consolidation, at least in patients treated according to
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the Italian consolidation regimen, seems to indicate
treatment failure.14 In the Italian study, among 23
patients (out of 683) who were RT-PCR positive at the
end of consolidation, 7 were treated “preemptively”
with salvage therapy and stem cell transplant, while
treatment was delayed in the remaining 16 until devel-
opment of hematologic relapse. All seven patients
treated early (i.e., with persistent molecular disease) were
alive, compared to only 2 of the 16 patients treated at
the time of hematologic relapse.14 After consolidation,
APL patients who are RT-PCR negative should undergo
routine molecular monitoring (e.g., every 2–4 months
for at least 2 years) to detect incipient relapse.15,16 As is
discussed below in depth, two successive positive RT-
PCR assays (at a sensitivity of 1 in 104) are highly predic-
tive of subsequent hematologic relapse and cannot be
ignored. It is currently not known if blood can substitute
for bone marrow for the RT-PCR assays; therefore, bone
marrow is the preferred source for collection of cells and
isolation of mRNA. A single negative RT-PCR assay has
little clinical significance in APL, even at the end of con-
solidation, and serial monitoring is key to early detec-
tion of relapse. Finally, while quantitative RT-PCR assays
have been developed and are undergoing clinical test-
ing,17,18 qualitative RT-PCR assays at a sensitivity of 1 in
104 remain the “gold standard” for detection of minimal
residual disease, and clinicians caring for APL patients
need access to a reliable laboratory that can provide this
type of serial molecular monitoring. 

TREATMENT OF NEWLY DIAGNOSED APL

OVERVIEW OF TREATMENT RESULTS 
IN THE “ATRA ERA”
Table 6.1 presents the results of treatment of over 3000
APL patients from four continents and eight major
leukemia cooperative groups since the advent of
ATRA-based therapy in approximately 1990. In virtu-
ally all of these patients, the diagnosis of APL was con-
firmed by modern molecular or cytogenetic tech-
niques, and all received ATRA during induction therapy,
either alone or in combination with chemotherapy.
While it is beyond the scope of this chapter to discuss
each trial in detail, careful analysis of the aggregate
results illuminates many of the successes (and some of
the failures) of treatment of APL over the last 15 years.
The most obvious success is the long-term survival rate
of approximately 80%, which compares to a rate of
30–40% in the pre-ATRA era.33 Although 80% is a spec-
tacular number, 5–10% of APL patients die early dur-
ing induction, another 10% die of refractory disease,
and 10% are successfully treated for relapsed APL (but
are subjected to the side effects and long-term toxici-
ties of salvage therapies). Furthermore, with the excep-
tion of one study,20 the event-free survival (EFS) of
patients with high-risk disease is relatively poor, gener-
ally around 50–60%. Thus, as we enter the era of

“third-generation” ATRA-based protocols, exemplified
by the APL200020 and AIDA200026 studies, our chal-
lenge is to better manage patients during the initial
induction period (particularly those who present with
high WBC counts), and to choose appropriate thera-
pies based on accurate risk-group assessment. Questions
remain, and newer approaches are under study,34 but
curative, safe treatments for virtually all patients with
APL are now available, and it is fair to say that survival
free of disease should be attainable for up to 95% of
APL patients who survive induction therapy. Assuming
a 5% rate of early death, and a small number of
relapses and deaths in CR, the EFS target for all future
trials of APL should be 85–90%, and anything below
this number should be considered unacceptable.

INDUCTION THERAPY
All of the trials given in Table 6.1 incorporated ATRA
into induction therapy and, with few exceptions,
reported CR rates are greater than or equal to 90%.
What, then, is the best strategy for induction therapy
of APL? While the choice of “best” induction therapy
may differ for specific subsets of patients, for most
patients the weight of evidence supports the use of
ATRA, 45 mg/m2/day in divided doses until CR, plus
anthracycline-based chemotherapy started on day 2 or
3 (to allow partial improvement of the coagulopathy
by ATRA). The choice of anthracycline (daunorubicin
vs idarubicin), and the dose, vary by center and group,
but excellent results have been achieved using 12 mg/
m2 of idarubicin on days 2, 4, 6, and 8,35 as well as 
60 mg/m2 of daunorubicin on days 3–5.20 This type of
combined strategy minimizes the incidence of APL dif-
ferentiation syndrome, results in disease control in vir-
tually all patients and, in experienced hands, leads to
CR rates of more than 95%. Satisfactory rates of CR can
also be achieved using ATRA alone for induction, but
long-term disease control may be inferior.21

COMPLICATIONS OF INDUCTION THERAPY
The vast majority of APL patients who fail induction do
so not because of resistant disease, but because of fatal
hemorrhage [usually central nervous system (CNS)],
retinoic acid (RA) syndrome (also called “APL differentia-
tion syndrome”), or infection. Rates of early death are, at
least historically, much higher in patients with high
WBC counts,29,32,36 as high as 24% in some studies. The
Spanish Group has reported an early death rate of 8.4%
in 642 patients treated with simultaneous ATRA and
idarubicin (AIDA) between 1996 and 2003 in two succes-
sive studies36; 58% of the early deaths were due to hem-
orrhage, 31% due to infection, and 10% due to RA syn-
drome.36 The rate of early death did not decrease in the
more recent LPA99 study, despite the prophylactic use of
prednisone (to prevent RA syndrome) and tranexamic
acid (to improve the coagulopathy). Renal dysfunction
(creatinine �1.4 mg/dL) and high WBC count (�10,000)
were the only independent predictors of early death. It is
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also notable that older adults (�60 years) were more likely
to die of infection (56%) than hemorrhage (37.5%).36

As the incidence of resistant disease is exceedingly
small (less than 1% in most series), strategies to
improve CR rates in APL have focused on prevention
and/or effective treatment of bleeding and RA syn-
drome. Although both ATRA and chemotherapy
improve the coagulopathy in APL,37,38 ATRA acts more
rapidly, and its use is associated with a more controlled
improvement in bleeding and in parameters of dissem-
inated intravascular coagulation and fibrinolysis.39

Because of this, all patients with a morphologically
confirmed (or strongly suspected) diagnosis of APL,
particularly those with evidence of significant coagu-
lopathy (or frank bleeding), should be started on ATRA
immediately. All patients with APL should receive

aggressive blood product support, including platelet
transfusions, in an attempt to maintain a platelet count
of 50,000/µL or above, and fresh plasma or cryoprecip-
itate to maintain fibrinogen levels of 100 mg/dL or
higher. This platelet threshold can be adjusted down-
ward as the coagulopathy improves, but 50,000/µL
should be the initial target for all patients, particularly
around the time of initiation of chemotherapy. The
role of heparin therapy in patients who receive ATRA-
based induction continues to be controversial.38,40 As
noted above,36 and although the issue remains unset-
tled,41 antifibrinolytic agents such as tranexamic acid
and ε-aminocaproic acid do not appear to be effective,
and may in fact be detrimental, by increasing the inci-
dence of thrombosis.42–44 In the recently reported
APL2000 trial,20 the rate of early death was 3% or less in
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Table 6.1 Outcomes of therapy for APL in the “ATRA era”

CR ED EFS OS RR HR EFS
Group Study Years N (%) (%) (%) (%) (%) (%)

ALLGa APML3 NR 101 90 8 NR 88 NR NR
European APLb APL91 1991–1992 101 91 9 63 76 31 50
European APLb APL93 1993–1998 404 95 5 66 78 23 NR
European APLb APL2000 2000–2004 300 96 3 94 97 6.6 88.4
German AMLCGc TAD/HAM 1994– 133 89 10 75 80 9 68
GIMEMAd AIDA93 1993–2000 807 94 5.5 70 NR NR NR
GIMEMAd AIDA0493 1997–2000 346 96 4 80 NR 14 NR
GIMEMAd AIDA2000 2000–2003 298 94 6 84 NR 5 NR
JALSGe JALSG92 1992–1997 369 90 8 52 65 NR 38
JALSGe JALSG97 1997–2002 256 95 5 67 84 NR 53
MRC (UK)f 1993–1997 120 87 8 64 71 20 29
NA Intergroupg INT0129 1992–1995 174 73 11 58 69 29 NR
PETHEMAh LPA96 1996–1999 175 90 9.6 71 78 17 56
PETHEMAh LPA99 1999–2002 227 90 11 79 85 7.5 66

N, number of enrolled patients; NR, not reported; ED, early death (i.e., death during induction); CR, complete remission; EFS, event-free sur-
vival (any event, i.e., death or relapse, after enrollment on study); OS, overall survival; RR, relapse rate; HR EFS, event-free survival in patients
with high WBC at diagnosis (�10,000/µL unless otherwise specified).
a Data from the Australasian Leukemia and Lymphoma Group.19

b Data from the European APL Group.20–23 Results for the APL91 study are from the ATRA arm of that study; EFS and OS are reported at 4
years for the APL91 and APL 93 studies. Data for the APL93 study reported here are for 18–60-year-old adults. EFS, OS, and RR reported for
the APL2000 study are at 2 years, and are from the group of patients of age below 60, with WBC count of less than 10,000/µL, who were
treated on the ara-C arm of that study (see text for details). EFS, OS, and RR for similar patients treated without ara-C are 83, 90, and 12%.20

c Results from the German AML Cooperative Group.24,25 EFS and OS are reported at 4 years; high-risk EFS refers to patients with initial WBC
count of more than 5000/µL.
d Data from the Italian GIMEMA Cooperative Group.26,27 For the AIDA93 trial, EFS is reported as of June 2003, while OS is reported at 5.7
years, with median follow up of surviving patients 2.3 years. The data reported for AIDA0493 are from reference [26], and include patients
treated on the “AIDA” trial after 1997 (all of whom received 2 years of ATRA-based maintenance). Median follow up in this trial was 4.5
years. Median follow up for the AIDA2000 trial was 2 years. EFS in both studies is reported at 2 years and was calculated by subtracting the
ED rate in each group from the reported DFS. Although no EFS was reported for high-risk patients, the cumulative incidence of relapse (CIR)
for high-risk patients in the AIDA0493 trial was 29%, versus 2% for high-risk patients in the AIDA2000 trial (see text for details).
e Results from the Japanese Acute Leukemia Study Group.28 EFS and OS are reported at 6 years for the JALSG92 study and at 5 years for the
JALSG97 study.
f Results from the Medical Research Council (United Kingdom) Adult Leukemia Working Party.29 Outcome data are at 4 years. The EFS for
high-risk patients (WBC count �10,000/µL) was calculated by subtracting the ED rate in this group (24%) from the reported DFS (53%).
g Results from the North American Intergroup protocol 0129.30,31 All data relate to patients on the ATRA arm of this study. EFS and OS are
reported at 5 years.30

h Data from the Spanish cooperative group PETHEMA.32 EFS in both the LPA96 and LPA99 trials was calculated by subtracting the ED rate 
in each study from the reported DFS (71 and 79%, respectively for the entire study group, and 66 and 77%, respectively, for the high-risk
group). Both EFS and OS are reported at 3 years. The median follow up was 48 months for LPA96 study and 21 months for LPA99 study. 
The CIR at 3 years for high-risk patients in the LPA96 study was 34.2%, and 21% in the LPA99 study (see text).



all groups of patients except those of age 60 or above
with WBC count of more than 10,000/µL, suggesting
that clinicians experience with ATRA, and use of
aggressive supportive care measures, may finally be
improving the obstinate 8–10% induction death rate
that has plagued almost all APL trials.

APL DIFFERENTIATION SYNDROME
The pathophysiology and treatment of RA syndrome or
“APL differentiation syndrome” have recently been
reviewed,45,46 and knowledge of the manifestations of
this potentially fatal complication of induction therapy
is essential to all clinicians who treat APL. The most
common presenting symptoms47–49 are respiratory dis-
tress, fever, pulmonary infiltrates, weight gain, and
pleural/pericardial effusions. Less common signs and
symptoms include renal failure, cardiac failure, hypoten-
sion, and bone pain. These symptoms can develop at vir-
tually any time after presentation (and may be present
before any therapy), but the median time to develop-
ment is between weeks 1 and 2 after the start of induc-
tion.47–49 The differential diagnosis includes sepsis/acute
respiratory distress syndrome, as well as pulmonary
hemorrhage, and the outcome can be fatal if the disor-
der is not recognized, diagnosed correctly, and properly
treated. Treatment of RA syndrome is with corticos-
teroids (given at the earliest time possible), generally
dexamethasone 10 mg q 12 h, and temporary discontin-
uation of ATRA, at least in severe cases. ATRA can (and
should) be safely restarted after the syndrome resolves,
and RA syndrome is exceedingly rare in patients who
receive ATRA during consolidation or maintenance
phases of their treatment. Thus, there should be no hes-
itation in subsequent use of ATRA in patients who may
have developed RA syndrome during induction. The
incidence of RA syndrome seems to be lower in patients
who receive combined ATRA/chemotherapy induc-
tion,47 and it may be lower in patients who receive pro-
phylactic steroids, but it is clearly not “a problem of the
past” and remains a significant clinical issue in the
treatment of APL.46 Finally, note that APL differentiation
syndrome also occurs in patients treated with arsenic tri-
oxide for newly diagnosed or relapsed APL,50 and
approximately 50% of such patients develop leukocyto-
sis, which can be marked. In general, the leukocytosis is
self-limiting and does not require therapy, but patients
with leukocytosis who develop symptoms or signs of
coexistent APL differentiation syndrome require treat-
ment with corticosteroids.50

CONSOLIDATION THERAPY
The choice of appropriate postremission therapy will
depend on the patient’s risk of relapse, which can be
estimated based on presenting WBC and platelet
counts.4 APL patients in low- and intermediate-risk
groups can generally be successfully consolidated with
anthracyclines alone. In recent trials published by the
PETHEMA and GIMEMA groups, relapse rates of

patients in low and intermediate risk groups were less
than 10%, following consolidation with anthracyclines
plus ATRA or anthracycline alone (patients generally
received induction with idarubicin and ATRA, and 
2 years of ATRA-based maintenance).26,32 However, in
the PETHEMA LPA99 trial,32 patients with high WBC
counts continued to have a high risk of relapse (21%),
despite addition of ATRA during each course of consoli-
dation, and increased intensity (by approximately
twofold) of anthracyclines. High-risk patients appear to
be faring somewhat better in the recent AIDA2000
trial,26 with a relapse rate (at 2 years) of only 2%.
Consolidation therapy in this patient group was inten-
sified by addition of ara-C during cycle 1, VP-16 during
cycle 2, and ara-C and 6-TG during cycle 3. (All patients
also received 15 days of ATRA with each course.) High-
risk patients in the APL2000 trial, all of whom received
ara-C during consolidation, also have excellent early
outcomes, with rates of relapse below 5%.20 To summa-
rize, consolidation therapy in APL should include, at a
minimum, two cycles of ATRA plus anthracyclines;
however, APL patients who present with WBC counts of
more than 10,000/µL, and perhaps APL patients who
express CD56, require additional, or alternative, ther-
apy in addition to standard ATRA and anthracyclines.
While further dose escalation of anthracyclines may be
possible, current evidence suggests that a significant
percentage of high-risk patients may be cured by incor-
porating ara-C into the induction and/or consolidation
regimens. Whether other agents (e.g., arsenic trioxide
and gemtuzumab ozogamicin) could substitute for ara-
C in this role is not yet known, but this question, at
least for arsenic trioxide, is being addressed in the cur-
rent North American Intergroup trial.

MAINTENANCE THERAPY
Data from two trials published in the mid-1990s sug-
gested that maintenance therapy with ATRA and/or
chemotherapy, generally 6-mercaptopurine (6-MP) plus
methotrexate (MTX), was beneficial in increasing the
cure rate of APL. For example, in the APL93 study, the 
5-year risk of relapse was 39, 29, 24, and 13% in patients
who received, respectively, no maintenance, ATRA
alone, 6-MP/MTX alone, or combined ATRA/6-MP/
MTX.51 In the group of patients with high WBC count
(more than 5000/µL in this study), the relapse risk was
47% without maintenance, but only 8% if patients
received ATRA/6-MP/MTX.51 In the North American
Intergroup 0129 study,30 5-year disease-free survival was
74% in patients who received ATRA during both induc-
tion and maintenance, compared to 55% for patients
who received ATRA only during induction. In contrast
to the above results, GIMEMA investigators27 found no
differences in molecular disease-free survival according
to any of the four maintenance arms (ATRA/6-
MP/MTX, ATRA alone, 6-MP/MTX alone, or no mainte-
nance). The ultimate role of maintenance therapy in
APL may be difficult to precisely define, as its usefulness
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may depend on both patient-specific (i.e., risk category)
and treatment-specific (i.e., intensity of induction and
consolidation therapy) factors. However, currently,
ATRA- or arsenic-trioxide-based maintenance therapy is
strongly recommended for all patients, and it should be
considered mandatory in high-risk patients. Com-
monly used regimens include 45 mg/m2/day of ATRA
every other week, or ATRA at the same dose for 15 days
out of each 3-month period. Standard maintenance
doses of 6-MP and MTX are 60 mg/m2/day and 20
mg/m2/week, respectively. Treatment should be contin-
ued for at least 1 year, but 2 years may be preferable.51

Maintenance therapy is generally well tolerated, but
serious complications can occur, particularly in patients
receiving 6-MP and MTX (
ATRA), and include abnor-
mal liver function tests, cytopenias with potentially
serious infections, and opportunistic infections such as
Pneumocystis carinii pneumonia.51

SPECIAL TOPICS IN APL MANAGEMENT

NOVEL TREATMENT APPROACHES
Investigators from Shanghai52,53 have recently re-
ported results in 61 newly diagnosed APL patients who
received induction therapy with combined ATRA (25
mg/m2/day) plus arsenic trioxide (0.16 mg/kg/day). All
patients subsequently received three courses of consol-
idation chemotherapy, and five cycles of maintenance
with sequential ATRA, arsenic, and 6-MP and MTX.
Among the 61 patients, 58 (95.1%) entered CR at a
median of 26 days and, with a follow up of 20–39
months, all of them were relapse free.52 Similar results,
at least for induction, have been reported by Wang 
et al.,54 with a CR rate in 80 newly diagnosed patients
treated with low-dose ATRA plus arsenic of 92.5%;
there were two early deaths (2.5%), and four cases of
resistant leukemia, but no data were presented on
long-term outcomes. Estey et al.34 have treated 44
newly diagnosed APL patients with ATRA (45 mg/m2/
day) plus arsenic trioxide (0.15 mg/kg/day) added at
day 10 (with addition of one dose of gemtuzumab
ozogamicin if the presenting WBC count was above
10,000/µL or if disease persistence was documented by
RT-PCR); treatment with ATRA/arsenic trioxide was
continued for 6 months from CR. The rate of CR was
89%, there were four early deaths (9.14%), and 36 of 39
patients were alive in CR at early follow up. Finally,
investigators from Iran55 and India56 have separately
reported results with arsenic trioxide alone as the sole
treatment of APL. Rates of CR, were 85.6 and 86%
respectively, for the two studies and, relapse rates were
approximately 25%.56,56 In patients with a WBC count
lower than 5000 	L, and a platelet count higher than
20,000 	L at dignosis, the EFS was 100%.

Studies such as these must be viewed in context of
the data summarized in Table 6.1, particularly the
more recent trials. While results with arsenic trioxide

alone and ATRA plus arsenic trioxide are encouraging,
the number of patients treated to date is relatively
small, follow up is short, and extensive experience
with these agents is limited to selected centers and
countries. In addition, the toxicities of arsenic trioxide
and ATRA are not trivial, and there is, as yet, no stan-
dardized strategy for postremission therapy in patients
who receive this type of induction. Despite these
caveats, treatment with arsenic trioxide alone, or
arsenic trioxide combined with ATRA, may well be
suitable for selected patients with low-risk APL, or for
patients who are not candidates for, or who refuse,
cytotoxic chemotherapy.

THE ROLE OF ARA-C
While ara-C has historically been relegated to a minor
role in the treatment of APL,57 more recent data suggest
that certain patients, particularly those with high-risk
APL, may derive considerable benefit from the addition
of ara-C to their treatment. The German AML Co-
operative Group,24,25 which uses high-dose ara-C during
induction, is one of the only groups to report essentially
equivalent outcomes in patients with high and low
WBC counts, suggesting that high-dose ara-C over-
comes the negative prognostic impact of high WBC
count. In the recently reported AIDA 2000 trial,26 inten-
sification of consolidation therapy with ATRA and ara-C
in high-risk patients led to a cumulative incidence of
relapse of 2%, well below the 29% relapse rate seen in
the earlier AIDA 0493 trial, and significantly below the
9% relapse rate noted in “intermediate-risk” patients
consolidated with anthracyclines and ATRA alone.
Finally, the European APL Group20 has reported prelim-
inary results of a randomized trial in which low-risk
patients (below the age of 60 and with WBC counts of
less than 10,000/µL) were randomized to receive (group
A) or not receive (group B) ara-C during induction and
consolidation. All high-risk patients (WBC count
�10,000) received standard-dose ara-C during induc-
tion and high-dose ara-C (1 or 2 g/m2 every 12 h for
eight doses) during consolidation. The preliminary
results demonstrate significantly improved EFS (93.6%
vs 83.4%) and decrease in relapse rate (3.8% vs 11.9%)
in low-risk patients randomized to receive ara-C.
Perhaps even more striking, in the nonrandomized
high-risk patients (groups C and E, WBC counts
�10,000/µL), the relapse rates were 2.6 and 0% respec-
tively, and EFS was extremely impressive, at 88.4%
(group C, age �60) and 78.3% (group E, age �60). As
reported by the Italian26 and Spanish groups,32 cure
rates with ATRA- and anthracycline-based therapies are
excellent in low-risk patients (WBC count �10,000/µL
and platelet count �40,000/µL) and are generally
acceptable in intermediate-risk patients (WBC count
�10,000/µL and platelet count �40,000/µL), so the
need for ara-C in these “low-risk” subgroups remains
unclear. However, if longer follow up validates the data
from the randomized portion of the APL2000 trial,
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incorporation of ara-C into the treatment regimen of
even low-risk patients may need to be seriously recon-
sidered. In summary, while the role of ara-C in the treat-
ment of APL remains far from settled, an argument can
be made that this agent, particularly at high or interme-
diate dose, benefits patients with high-risk APL, and as
such it should be seriously considered for inclusion into
the treatment of all such patients.

TREATMENT OF APL IN ADULTS OF AGE 60 OR ABOVE
The outcome of treatment of APL in older adults
(defined as age 60 or above) remains suboptimal, with
rates of EFS and OS of only 55–60% in most studies
(Table 6.2). Recently reported results from several large
European studies22,25,58,59 highlight the issues involved
in treating this patient population and offer insight
into how treatment might be improved. As noted in
Table 6.2, CR rates in older adults are approximately
85%, which is marginally, but significantly, lower than
the 90–95% rate of CR reported for younger adults
treated in the same trials. In the Italian, Spanish, and
German AMLCG trials, patients received induction
with concurrent ATRA and chemotherapy, while most
patients in the European APL93 trial (those above 65
years) were induced with ATRA alone. The compara-
tively low CR rate seen in all four studies (regardless of
induction strategy) was due to a higher rate of deaths
during induction, around 15%, which is approxi-
mately double of that seen in younger adults. Most of
this excess in early deaths is due to infection, as rates
of resistant disease, and deaths due to RA syndrome
and hemorrhage, are generally similar between older
and younger adults.22,25,58,59 Induction strategies that
avoid cytotoxic chemotherapy (with its attendant neu-
tropenia) may be preferable in older adults, particu-
larly those above the age of 70, or with compromised
performance status. An appropriate choice for such
patients might be ATRA alone, arsenic trioxide alone,
or combined ATRA/arsenic trioxide.

The inferior EFS and OS in older adults also relates to
a comparatively high rate of deaths during consolida-
tion and maintenance (deaths in CR), again largely due
to neutropenia-related infections. This rate of 10–20%
could presumably also be improved by decreasing the
intensity of the consolidation and/or maintenance ther-
apies. Indeed, a subset of patients in both the APL93 and
GIMEMA studies summarized in Table 6.2 received
attenuated consolidation (those above 65 years in the
APL93 study, and most patients treated after 1997 in the
GIMEMA study). In the latter study,59 the 3-year disease-
free and OSs were not different among patients who
received three or one cycle of anthracycline-based con-
solidation (all patients received 2 years of ATRA-based
maintenance), suggesting no loss of efficacy with
decreasing intensity of therapy. However, the PETHEMA
Group58 has reported the lowest rates of relapse (8.5%)
and deaths in CR (9.2%) in adults of age 60 or above,
and no planned dose attenuation for older adults was
used in that study. The relapse rates in each of the four
studies given in Table 6.2 are comparable to relapse rates
seen in adults of age below 60, suggesting that, as
opposed to most other subtypes of AML, there is no
inherent difference in disease biology between APL aris-
ing in older versus younger adults. There is a suggestion,
however, particularly from the PETHEMA study, that a
lower percentage of adults of age 60 or above present
with high WBC counts, suggesting that older adults may
have an inherently better prognosis, at least in terms of
disease-related prognostic factors.

Treatment strategies in older adults should thus
focus on reducing doses or cycles of chemotherapy, or
perhaps omitting chemotherapy altogether. Careful
molecular monitoring is mandatory to safely apply this
approach, and a certain degree of flexibility is needed
to tailor the wide range of therapies available to each
patient’s clinical course. As with younger patients, risk-
adapted strategies32 should be used, with more inten-
sive regimens reserved for patients who present with
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Table 6.2 Outcomes of therapy for APL in adults of age 60 or above

CR ED EFS OS RR Deaths in CR
Study N (%) (%) (%) (%) (%) (%)

APL93a 129 86 14 53 58 16 18.6
APL2000–Low WBCb 47 98 2 79 90 11 NR
APL2000–High WBCb 16 87 13 78 78 0 NR
LPA96/LPA99c 104 84 15 64 NR 8.5 9.2
AIDA93 and aAIDA97d 134 86 12 47 56 20 12.1
German AMLCGe 32 78 19 54 57 17 NR

N, number of patients enrolled; NR, not reported; ED, early death (death during induction); CR, complete response; EFS, event-free survival
(any event, i.e., death or relapse, after enrollment on study); OS, overall survival; RR, relapse rate.
a Results from the European APL Group.22 EFS, OS, and RR are reported at 4 years.
b Data are from the European APL Group20; EFS, OS, and RR are reported at 2 years. The high WBC count group received intensified
induction and consolidation with ara-C.
c Results from the PETHEMA Group.58 Median follow up was 36 months; EFS, OS, and RR were reported at 6 years.
d Results from the GIMEMA Group (AIDA93 and amended AIDA97 studies).59 OS was reported at 6 years. For ease of comparison, the EFS
was estimated from the reported DFS (59%) and subtraction of the early death rate (12%).
e Data are from the German AML Cooperative Group.25 EFS, OS, and RR reported at 4 years. 



high-risk features, mainly WBC count of more than
10,000/µL. Given that the disease biology is, if any-
thing, more favorable in older adults, there is no reason
to believe that, given proper treatment and supportive
care, such individuals should not have a cure rate at
least equal to younger adults. 

TREATMENT OF RELAPSED APL

Despite the tremendous advances in the treatment of
APL discussed above, a small, but significant, percentage
of patients will relapse. In the long-term follow up of
the APL93 trial,51 which enrolled 576 patients between
1993 and 1998, 134 (23.3%) patients eventually
relapsed (out of 533 who achieved CR). Although most
of these relapses occurred within 2.5 years of achieving
CR, a substantial percentage (29%) occurred after 2.5
years, with one relapse occurring over 8 years from CR.
In the North American Intergroup trial,30 late relapses
were also seen, although by far the highest risk period
was the first 2 years after CR. Patients with APL, particu-
larly those who present with high WBC counts, are at
risk for relapse in the CNS and other extramedullary
sites, including skin and ear.60–64 Whether this risk has
increased in the “ATRA era” is unclear,62 but of the 22
clinical relapses noted in the PETHEMA LPA96 and
LPA99 trials,32 6 (27%) occurred in the CNS. Most
patients with extramedullary relapse will be found to
have occult (i.e., molecular) or overt leukemia in the
marrow, and treatment should be directed not only at
the site of extramedullary involvement but also at clear-
ance of systemic disease. The high rate of CNS relapse
among APL patients with a WBC count of more than
10,000/µL may warrant routine intrathecal prophylaxis
in this group of patients, and such a strategy has been
adopted by the European APL Group in their APL2000
trial.20

As modern management of APL patients includes
serial monitoring for residual disease using RT-PCR,
many patients are identified with so-called molecular
relapse, generally defined as two successive positive
PML-RARA RT-PCR assays performed 2–4 weeks apart.
Assuming an assay sensitivity of 1 in 104, such a find-
ing is highly predictive of subsequent clinical relapse.
While there is little doubt that molecular relapses are a
harbinger of hematologic relapse, and thus require
treatment, there is very little agreement about what
constitutes appropriate therapy in this increasingly
common clinical situation. There is no formal proof
that treatment of molecular relapse leads to better out-
comes compared to treatment at the time of hemato-
logic relapse, but Lo Coco et al.65 have presented com-
pelling evidence in support of “preemptive” therapy,
i.e., at the time of molecular relapse. In that study,
among 12 patients with molecular relapse who achieved
second molecular CR following salvage with ATRA,
ara-C, and mitoxantrone, 10 were alive in sustained

molecular remission at the time of the report, for a 2-
year survival of 92%. This compared to a 2-year sur-
vival estimate of 44% in a previous series of 37 patients
treated by the same investigators with identical ther-
apy, but at the time of hematologic relapse.

While clinicians may be reluctant to subject patients
with positive RT-PCR results to intensive chemo-
therapy (
stem cell transplant), some type of treat-
ment needs to be offered. Options include (1) gem-
tuzumab ozogamicin66, (2) arsenic trioxide, (3) ATRA
(in patients who have not received ATRA within 6
months), (4) standard anthracycline- or ara-C-based
chemotherapy, or (5) some combination of the above.
Most of the listed agents should convert patients to
molecular negativity, but there is no consensus regard-
ing which agent is most effective in this setting, nor is
there consensus regarding the duration of therapy, or
the type of further intensification (e.g., stem cell trans-
plant) to offer (if any) after achievement of second
molecular remission.

Treatment of frank hematologic relapse requires a
more aggressive approach, generally incorporating
autologous or allogeneic stem cell transplant in second
CR. The best option for initial salvage therapy is proba-
bly arsenic trioxide, which has been shown to lead to CR
rates of 85–95% in relapsed APL.67–71 However, the qual-
ity of CRs induced by arsenic trioxide is unclear,72,73 and
most clinicians view arsenic trioxide as a “bridge” to
stem cell transplant. The goal of salvage therapy, what-
ever the agent, is attainment of second molecular CR,
which is a mandatory prerequisite prior to proceeding to
stem cell harvest and possible autologous stem cell
transplant. The role of autologous and allogeneic stem
cell transplant in the treatment of relapsed APL has
received considerable recent attention.74–80 Initial data
from Meloni et al.,79 and more recent results from the
European APL Group,75 suggest that autologous stem
cell transplant may cure as many as 75% of patients who
are in molecular remission at the time of stem cell har-
vest and transplant. Investigators from the Cancer and
Leukemia Group B, using a high-dose ara-C/etoposide
consolidation/mobilization regimen, have reported an
EFS of 74% in APL patients transplanted in second CR.77

Given the good results with polymerase-chain-reaction-
negative autografts in relapsed APL, allogeneic trans-
plant is generally recommended only for those patients
who are persistently molecularly positive, or who may
have failed previous autologous transplant.75,78 The role
of stem cell transplant in the treatment of relapsed APL
has recently been challenged by Au et al.,67 who treated
42 patients with relapsed APL with a regimen of arsenic
trioxide (intravenous or oral), followed by idarubicin
consolidation and, in most patients, maintenance with
oral arsenic trioxide. With short follow up, 38 of the 42
patients were in hematologic and molecular remission,
some of them after subsequent retreatment with arsenic
trioxide plus ATRA. If results such as these hold up, the
role of stem cell transplant in APL will need to be
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reexamined; however, at present, autologous or allo-
geneic transplant offers the best hope for long-term sur-
vival for the majority of patients with relapsed APL.

SUMMARY

The majority of APL patients are now cured with ATRA-
or arsenic-trioxide-based regimens combined with
anthracycline chemotherapy, but a small percentage of
patients fail such therapy and require special attention.
In particular, a better understanding of the APL-associ-
ated coagulopathy is needed, so that effective therapies
can be designed to decrease (or eliminate) early deaths
secondary to bleeding. Further exploration of non-

myelosuppressive treatments is warranted, especially in
low-risk patients or patients with comorbidities that
preclude use of aggressive chemotherapy. Finally, pat-
ients with high-risk APL require intensified therapy,
e.g., with high-dose ara-C or perhaps arsenic trioxide.
The goal for the next decade of APL clinical research
will be to maintain cure rates for all APL patients while
reducing side effects and long-term toxicities of treat-
ment. Patients and physicians alike will continue to
benefit from enrollment of patients in carefully
designed clinical trials that ask critical questions and
provide a framework for rational incorporation of alter-
native, less-toxic therapies for some or all APL patients.
In this way, cure rates will be maintained, the field will
move forward, and the ultimate goal of cure of all
patients with APL may one day be realized.
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GENERAL ISSUES

Within this chapter, secondary acute myeloid leukemia
(AML) and secondary “advanced myelodysplasia (MDS)”
(International Prognostic Scoring System categories
intermediate-2 and high) are combined based on the
likelihood that these illnesses have similar natural his-
tories1,2; the somewhat arbitrary criteria used to distin-
guish them3; and, after account is made for other
covariates such as cytogenetics and age, their similar
response to therapy.4

Secondary AML/MDS can mean disease that is diag-
nosed only after a period of abnormal blood counts
(antecedent hematologic disorder, or AHD) or that has
arisen following cytotoxic therapy for another illness.
In the vast majority of cases, these illnesses are other
malignancies, although cases developing after treat-
ment of a “nonmalignant” disease (such as rheuma-
toid arthritis) with drugs such as methotrexate would
also qualify. Using the above definition and using
more than one month as the criterion for an AHD,
one-half of the 1990 patients treated at M.D. Anderson
Hospital from 1991 to present for AML/advanced MDS
were secondary cases. Of these cases, 708 had an AHD
but no prior chemotherapy (PCH), 108 had PCH with-
out an AHD, and 162 had both an AHD and a PCH.
The great majority of these patients received ara-C at
1–2 g/m2 either daily for 4 or 5 days or 1.5 g/m2 daily
by continuous infusion for 3–4 days combined with
idarubicin, fludarabine, topotecan, or troxacitabine.
The differences among these regimens are medically
insignificant,5,6 and they are considered together as
“standard chemotherapy” (SCH). 

Table 7.1 depicts results of SCH in the aforemen-
tioned M.D. Anderson patients. Note that the differ-

ence in compete remission (CR) rate between de novo
patients (66%) and the highest CR rate in the three
groups of secondary patients (47%) is greater than the
difference between the highest (47%) and lowest CR
(40%) rates in the three secondary groups. In general,
the same is true when considering probabilities of
relapse-free survival (RFS) or survival (Table 7.1, Figure
7.1). These observations provide a rationale for consid-
ering patients with a history of PCH or an AHD as sec-
ondary AML, to be contrasted with de novo cases
(Figure 7.2). 

Whether the poor results in secondary AML/MDS
are due to some inherent, not currently identified,
characteristic of this type of AML/MDS or rather to the
presence of other covariates is unclear. The principal
predictors of outcome with SCH in AML/MDS are per-
formance status, age, and cytogenetics; the former two
are associated with treatment-related mortality (TRM)
and the latter with resistance to therapy. Of note, each
of these is unevenly distributed between de novo and
secondary cases (Table 7.2). Patients with de novo dis-
ease are on average 10 years younger, but are twice as
likely to have a poor performance status (Zubrod 3 or
4). The association between de novo AML/MDS and
poor performance status likely reflects the higher white
blood cell count and the correspondingly greater risk
for organ infiltration in de novo disease. The tendency
of secondary cases to have a relatively high proportion
of prognostically unfavorable cytogenetic abnormali-
ties (�5/�7) and a relatively low proportion of better
prognosis abnormalities [inv(16), t(8;21)] is well
known.7 In light of these inequalities, it is reasonable
to compare outcome in de novo and secondary
patients who share a given karyotype, age range, and
performance status. Tables 7.3 and 7.4 do so for
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patients under the age of 60 years and 60 or above,
respectively. These tables indicate that for every cyto-
genetic group, with the exception of inv(16)/t(8;21),
and in both younger and older patients, the de novo
patients have both higher CR rates and longer RFS.
Figures 7.3 to 7.5 depict the effect of the de novo/sec-
ondary distinction on survival. Goldstone et al. have
also noted that secondary disease (an AHD or PCH)
remains associated with a worse outcome after ac-
counting for age and cytogenetics.8

There are three broad options for treatment of sec-
ondary AML/MDS: palliative care only, SCH, or inves-
tigational therapy, preferably in the context of a clini-
cal trial. As relapse rates begin to decline sharply once
2–3 years have elapsed from the CR date, patients alive
in CR at these times can be considered “potentially
cured.”9 Multiplying CR rate by RFS probability indi-
cates that only 10% of secondary cases are predicted to
be alive in first CR at 2 years from treatment date if
given SCH (Table 7.1). Under these circumstances,
investigational therapy may be necessary at some
point in the majority of patients with secondary AML/
MDS.

It is critical to ask whether there are groups of
patients with secondary AML/MDS who should, or
plausibly might, receive SCH, which in any event is
intuitively preferred by patients and physicians, given
the fewer number of unknowns involved. Tables 7.3

and 7.4 indicate that both older and younger patients
with inv(16) or t(8;21) should receive SCH. As made
clear by Beaumont et al.,10 standard treatment should
also be recommended for patients with secondary
acute promyelocytic leukemia (APL). Younger patients
with secondary AML and a normal karyotype have a
20% likelihood of remaining alive in first CR at 2 years
(a CR rate of 0.69 � an RFS of 0.29; Table 7.3). Whether
this result is sufficiently high to justify the use of SCH,
given that it is distinctly possible that investigational
therapy could be considerably worse, is a subjective
decision, except in cases where an internal tandem
duplication or mutation of FLT311 is present and tips
the scales to a recommendation for investigational
therapy. In the other groups depicted in Tables 7.3 and
7.4, the results with SCH are so poor (less than or equal
to 10% probability of potential cure) that investiga-
tional therapy is preferred, given that even if it proves
worse than SCH, it cannot be much worse. The recom-
mendation that all patients with secondary AML with
the exception of those with inv(16) or t(8;21) and,
quite plausibly, those under age 60 with good perfor-
mance status and a normal karyotype are candidates
for investigational therapy is, in general, in accord
with the recommendation of the National Compre-
hensive Cancer Network,12 a consortium of academic
medical centers. In those older patients in whom this
recommendation cannot be carried out, the option of
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Table 7.1 Outcome in de novo and secondary AML/MDS

CR rate Probability RFS Probability survival

AHD PCH Patients (%) 0.5 y 1 y 2 y 0.5 y 1 y 2 y

No No 998 66 0.72 0.50 0.33 0.68 0.50 0.35
Yes No 708 45 0.65 0.35 0.20 0.58 0.38 0.20
No Yes 108 47 0.51 0.32 0.18 0.46 0.32 0.14
Yes Yes 162 40 0.59 0.39 0.26 0.49 0.24 0.16

Figure 7.1 Survival probabilities of M.D. Anderson
patients according to AHD and PCH status

Figure 7.2 Survival probabilities when patients with PCH
or AHD are considered as one group (secondary AML/MDS)
and compared to de novo patients (neither AHD nor PCH)



palliative care should be strongly considered given
that the 20–30% risk of TRM rate with SCH is not com-
mensurate with the benefits offered by this type of
therapy.

Before proceeding to a discussion of investigational
therapy, the role of allogeneic stem cell transplant
should be discussed. In patients in first CR, “standard”
transplant, i.e., using cyclophosphamide and total
body irradiation or oral busulfan and cells from an
HLA-identical or 1-antigen mismatched sibling donor,
is distinguished from “investigational” transplant. The
largest trials comparing SCH with standard transplant
(allogeneic stem cell transplantation or allo SCT) in
first CR minimize selection biases by including
patients in the transplant group if they had a donor
regardless of whether they had a transplant. These
indicate that, on average, patients in the no donor
group and donor groups have similar survival.13,14 No
trials address this issue in a similar fashion, restricting
attention to patients with secondary AML/MDS.
However, there are studies that examine the effect of
having a donor in subgroups defined by other prog-
nostic factors. The largest study to examine the effect
of cytogenetics15 found a trend for patients with
inv(16) or t(8;21) to live longer if assigned to
chemotherapy rather than allo SCT, while patients
with prognostically intermediate karyotypes [any but
inv(16), t(8;21), –5, –7, 5q–, 7q–, or more than three
abnormalities] lived longer with allo SCT, but only if
patients were younger than 35. Most importantly, out-
come was similarly poor in the adverse karyotype
group (–5, –7, 5q–, 7q–, or more than three abnormal-
ities) regardless of whether patients were assigned to

allo SCT or chemotherapy. Similarly, autologous SCT
does not affect prognosis in these patients.16 Both the
Medical Research Council (MRC) AML 10 and AML 12
trials15,17 and a previous MRC study18 make clear that
the principal determinant of outcome remains the
prognostic group regardless of patients’ donor status.
Further suggestion that similar prognostic factors are
operative for allo SCT and chemotherapy are data indi-
cating that (1) in patients transplanted in second CR,
RFS is influenced by length of the first chemotherapy-
maintained CR, as is the case when patients receive
chemotherapy to maintain a second CR,19 and (2) allo
SCT does not appear to alter the poor prognosis of
patients with FLT3 mutations.20 Furthermore, al-
though approximately 90% of allo SCT survivors are in
good health years after the procedure,21 they are
clearly at increased risk for subsequent development of
solid cancers22,23; a similar risk is not apparent in long-
term survivors of chemotherapy.9 Thus, unless secondary
AML is thought to represent a unique prognostic group,
there is no compelling evidence to recommend that
patients with secondary AML in first CR receive con-
ventional SCT. If, however, a decision is made to pro-
ceed to allo SCT once first CR is observed, administra-
tion of consolidation therapy prior to transplantation
appears to be of no value.24

INVESTIGATIONAL APPROACHES

As noted above, it is unlikely that secondary AML/
MDS possesses unique therapeutic targets. Indeed,
because the chromosomal abnormalities characteristic
of secondary AML/MDS more frequently occur in
older than in younger patients with de novo AML,
many of the former may really have “secondary” AML,
consequent to prolonged exposure to toxins. Similarly,
many patients considered to have de novo AML would
be classified as having secondary AML had they hap-
pened to visit a physician and have an AHD detected
in the months before they were found to have AML.
Given these facts, a discussion of investigational
approaches to secondary AML is in reality a general
discussion of such approaches in worse prognosis
AML/MDS. As the ability of the patient to withstand
therapy is an important consideration and is often a

Chapter 7 ■ Approaches to Treatment of Secondary AML and Advanced MDS 75

Table 7.2 Associations with other covariates

Median age 55 66
Performance status 126 (13%) 69 (7%)
Zubrod 3 or 4
�5/�7 180 (18%) 335 (33%)
Inv(16) or t(8;21) 128 (12%) 22 (2%)
Normal 932 (39%) 337 (33%)
Other 265 (26%) 294 (29%)
Insufficient 47 (5%) 32 (3%)

Predictors De novo cases Secondary cases

Table 7.3 Outcome in patients under age 60 with performance status 0–2 by cytogenetics and de novo versus 
secondary distinction

De novo cases Secondary cases

Cytogenetics CR rate RFS at 2 years CR rate RFS at 2 years

Intermediate prognosis 264/352 (75%) 0.36 120/196 (61%) 0.27
Normal 157/206 (76%) 0.40 69/100 (69%) 0.29
�5 and/or �7 41/63 (65%) 0.20 43/123 (35%) 0.08
Inv(16) or t(8;21) 92/96 (96%) 0.53 11/11 0.54



function of age, older and younger patients will be dis-
cussed separately. In each, general issues and strategies
will be the focus, rather than a comprehensive list of
all new agents in testing. 

OLDER PATIENTS 
Detailed studies of the effect of age on outcome in
AML suggest that, all else being equal, each additional
year increases the risk of death by approximately the
same amount.25 Older patients with AML/MDS are
commonly defined as those of age 60 years and above.
Given that CR rates in older patients with secondary
AML/MDS following SCH are less than 50% (Table
7.4), investigational approaches should be employed
at diagnosis. There are three general types of investiga-
tional therapies that might be offered to these
patients: high-intensity (HI) regimens, low-intensity
regimens (LI), and nonablative allogeneic transplant.
HI regimens [e.g., clofarabine plus ara-C26,27 or tria-
pene plus ara-C] are those that produce not only sev-
eral weeks of severe myelosuppression, but also cause
damage to organs, such as the gut or lung. This dam-
age contributes to the 20–30% rate of TRM characteris-
tic of previous HI. This rate, as well as advances in
molecular biology, have sparked interest in the devel-
opment of LI. Examples are the farnesyl transferase

inhibitor R11577728,29; the FLT3 inhibitors PKC412
and CEP70130,31; other tyrosine kinase inhibitors such
as PTK787 and SU541632,33; histone deacetylase (HDAC)
inhibitors such as SAHA; and hypomethylating agents
such as decitabine34,35 and 5-azacytidine.36

Single-agent studies in high-risk MDS/AML suggest
that, in addition to being more “rational” than
chemotherapy (CT), LI may have beneficial effects.28–36

First, they appear to produce less TRM and morbidity
than CT. Second, they can produce so-called minor
responses (MRs). An example is of “marrow CR” in
which, although blood counts remain low, blasts are
reduced to “normal” levels in the marrow (�5%) and
blood. However, these studies also suggest that CR
rates may be considerably lower with HI than with LI,
with CR defined as a marrow CR plus “normal” blood
counts.28–36 Thus, most likely, LIs will need to be com-
bined either with each other or with HIs. However, if
LI is to be combined with HI in older patients, the HI
should presumably be of a type not associated with
high rates of TRM. Such combinations, e.g., of LI
with low-dose ara-C, can thus be operationally con-
sidered “LI” despite the use of chemotherapy. The
observations of low CR rates have also prompted an

Part I ■ LEUKEMIA76

Table 7.4 Outcome in patients of age 60 and above with performance status 0–2 by cytogenetics and de novo versus
secondary distinction

De novo cases Secondary cases

Cytogenetics CR rate RFS at 2 years CR rate RFS at 2 years

Intermediate prognosis 140/233 (60%) 0.30 183/399 (46%) 0.23
Normal 101/151 (67%) 0.30 111/220 (50%) 0.22
�5 and/or �7 36/85 (42%) 0.11 58/181 (32%) 0.05
Inv(16) or t(8;21) 11/11 (96%) 0.14 9/11 (81%) 0.52

Figure 7.3 Survival probabilities in patients with a normal
karyotype according to de novo versus secondary distinction

Figure 7.4 Survival probabilities in patients with
intermediate-risk cytogenetics [normal , �8, del11q, and
miscellaneous abnormalities not including �5/�7, inv(16),
or t( 8;21)] according to de novo versus secondary
distinction



International Working Group (IWG) sponsored by the
National Cancer Institute (NCI) to publish criteria for
response in MDS, intended with trials of LI in mind,
which recognize various categories of MR.37 Such MRs
are also being noted in studies of LI in AML.28–31

However, as noted by the authors of the IWG report, “it
will be important to apply these guidelines prospectively
and to critically assess their validity and usefulness.” 

This statement assumes particular significance
given our comparison of the effects on survival of
achieving CR versus achieving MR with HI.38 At M.D.
Anderson, we stratified 314 patients with high-risk
MDS or AML who survived HI but failed to achieve CR
according to whether they exhibited MR on the date
they were removed from study. We considered MRs as
marrow CR, or as CR with incomplete platelet recov-
ery (CRP) (with less than 5% marrow blasts, normal
neutrophil count, and platelet transfusion indepen-
dence). We then compared survival time in patients
according to whether they achieved (1) marrow CR,
(2) CRP, (3) CR as usually defined (CRP and a platelet
count �100,000), or (4) none of the above. Survival
was dated from date of CR or from date the patient
was removed from study. Results are shown in Figure
7.6. Although patients who achieved an MR (marrow
CR, CRP) may have done better than patients who did
not, the most striking difference was between patients
who achieved CR and those who did not.

Findings were similar in patients with high-risk
MDS and in those with AML. The results did not reflect
differences in time to CR versus time to resistance date
or between the times to resistance date in the various
subsets of resistant patients. Thus, the observations
suggest that only CR potentially lengthens survival in
these diseases after administration of HI. This observa-
tion is perhaps not surprising. In particular, if many
CRs are transient and thus contribute little to an
increase in survival time, it may be unrealistic to

expect responses, such as MRs, which are qualitatively
inferior to CR, to be associated with a survival benefit.
Whether MR will have less effect than that of CR in
increasing survival when patients are given LI rather
than HI is unknown. However, the data in Figure 7.6
have two consequences. First, they provide an ethical
basis for administering either HI or LI as the initial
investigational therapy to older patients with sec-
ondary AML/MDS. Specifically, the figure suggests that
if the beneficial effect of LIs on TRM is accompanied
by a lower CR rate, LI and HI may have equivalent
effects on survival. Second, the data emphasize the
importance of assessing the relationship between sur-
vival and the various categories of MR. Such assess-
ment is facilitated by the short survival of patients of
age 60 and above with secondary AML/MDS. 

The discussion to date has focused on survival as
the principal outcome of interest. However, although
they may not improve survival time in older patients
with secondary AML/MDS, a major advantage of LIs is
the possibility that they will provide better “quality of
life” (QOL) than do HIs. Thus, unlike HIs, LIs are often
administered by mouth and, in principle, require less
time in hospital.39 However, if HI is more likely to pro-
duce a CR than LI, and if achievement of CR is neces-
sary to lower the risk of infection and hemorrhage that
are frequent contributors to morbidity in older
patients with AML/MDS, HI may be more likely to
improve QOL than LI. The above discussion stresses
the need for reproducible QOL measurements in
patients receiving investigational HI or LI.

A third type of investigational approach in older
patients with secondary AML/MDS involves nonabla-
tive allogeneic transplant (minitransplant). Minitrans-
plantation relies essentially entirely on a graft-versus-
leukemia effect; the purpose of the attenuated doses of
chemotherapy used as the preparative regimen is to
allow the donor cells to engraft. The source of stem
cells is often the blood rather than the bone marrow.40–42
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Figure 7.5 Survival probabilities in patients with chromo-
some 5 and/or 7 abnormalities according to de novo versus
secondary distinction

Figure 7.6 Subsequent survival in chemotherapy patients
according to initial response (see text for details)



While it is clear that minitransplant produces TRM
rates to “only” 20% in patients up to age 75, the poten-
tial benefit is less clear. Part of the difficulty in assess-
ing the effectiveness of minitransplant, as well as of
various HIs or LIs, is the selection bias that accompa-
nies the initial investigations of these agents. Other
avenues of active investigation within transplantation
include use of intravenous, rather than oral, busulfan
to overcome the erratic pharmacology of the latter,43

anti-CD45 radiolabeled antibodies as a component of
the pretransplant “preparative regimen,”44 and use of
alternative donors (e.g., unrelated, umbilical cord
blood).45 While use of such donors should expand the
impact of allo SCT, it is unclear whether donors can be
identified within a relevant time frame, particularly if
use of donor cells is envisioned during induction.
However, it may be possible to wait longer before
beginning treatment than is commonly appreciated.46

This may be particularly true in patients with sec-
ondary AML/MDS, who usually present with lower cir-
culating blast counts, than in de novo patients.

YOUNGER PATIENTS
TRM rates are usually less than 10% in patients under
the age of 60. Partly as a consequence of lower TRM
rates and again in contrast to older patients, younger
patients with secondary AML/MDS generally have CR
rates of more than 50% (Tables 7.3 and 7.4). As a result,
a case could be made for beginning investigational
therapy only once CR has occurred. This approach
avoids the ethical issue that might arise consequent to
giving investigational therapies to patients with such
CR rates, which may be worse than SCH. On the other
hand, there is evidence that an induction regimen can
influence CR duration.47 As a practical issue, patients
in CR are often ineligible for trials of new agents; this
is unfortunate given the short remissions seen in many
such patients. Under these circumstances, it is reason-
able to administer investigational regimens to younger
patients undergoing remission induction for sec-
ondary AML/MDS, provided appropriate statistical
designs are used (see next section). In younger patients
with secondary AML/MDS and abnormalities of chro-
mosomes 5 and/or 7, new regimens should be used at
the time of diagnosis since the CR rate in such patients
with SCH is less than 40% (Table 7.3). Because younger
patients have relatively low TRM rates, reasons to
avoid HIs in these patients are less compelling than in
older patients, particularly in combination with LIs
such as PKC412 or R115777; indeed, trials combining
these and similar agents with HI (such as 3 � 7 or even
high-dose ara-C) have been proposed or are in pro-
gress. Investigational treatments in younger patients
thus include both the agents discussed in the section
on older patients and exploration of further dose
intensification. As an example of the latter, the Cancer
and Leukemia Group B (CALGB) has reported that
patients under age 60 tolerate daily daunorubicin

doses of 90 mg/m2 in combination with ara-C at 100
mg/m2 given daily for 7 days and etoposide 100 mg/m2

daily.48 Heretofore, daunorubicin doses rarely exce-
eded 60 mg/m2 daily. The CALGB is now comparing
the 90- and 60-mg/m2 doses.

As noted above, patients with a normal karyotype
or abnormalities other than –5/–7 can plausibly begin
investigational therapy once CR has occurred. While
pharmaceutical companies have provided only a lim-
ited number of agents intended for use in patients in
remission, commercially available agents can be used
for investigational purposes in this setting. For exam-
ple, 5-azacytidine and decitabine have been approved
for use in MDS.36 The drugs’ effectiveness may reflect
their ability to demethylate inappropriately hyperme-
thylated genes,36 thus inducing reexpression of these
genes, which might include various “tumor suppres-
sors.” There are reasons to think that combinations of
demethylating agents and HDAC inhibitors might be
particularly effective in this regard. Valproic acid, a
pediatric anticonvulsant, is an HDAC inhibitor, al-
though a less potent one than SAHA or depsipeptide.
Thus, a combination of 5-azacytidine and valproic acid
could be investigated, for example, in patients in
remission. Analogous trials could be formulated using
commercially available drugs or focusing on the inves-
tigational approaches to transplantation, which are
described at the conclusion of the section on older
patients.

NEW METHODS FOR CLINICAL TRIALS
OF INVESTIGATIONAL AGENTS

The likelihood that many combinations and permuta-
tions of LIs, with each other and with HIs, will be
investigated in the future leads to consideration of
desirable elements to incorporate in the relevant sta-
tistical designs. These elements include the need to (1)
randomize early in the investigative process; (2) for-
mally monitor multiple outcomes; (3) account for the
possibility that the effects of a given treatment may
depend on the treatments given before or after; and (4)
develop strategy that views drug development as a
process rather than as a series of unconnected trials.
Topics (2) to (4) are examples of the general problem of
“multiplicities.” Most statistical designs underlying LI
protocols have not focused on these issues. 

NEED FOR EARLY COMPARISON/RANDOMIZATION
The great majority of LIs are tested in single-agent
phase II trials. This practice reflects the conventional
phase II → phase III paradigm. Specifically, phase II tri-
als are “exploratory,” designed to establish activity,
with the idea that comparative trials (phase III) should
be conducted only after activity has been observed. A
fundamental problem with this formulation is that
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phase II trials are inherently comparative. In particular,
patients are vitally interested in whether a particular
therapy is superior to another. The comparative nature
of phase II trials is implicit in the designs governing
their conduct, as these designs specify minimally
acceptable response rates,49 derived via comparison
with other available therapies. 

Although phase II trials are thus inherently compar-
ative, the current emphasis on single-arm, nonran-
domized phase II trials provides an unreliable basis for
treatment comparison because of treatment-trial con-
founding.50 Indeed, it is logically inconsistent that the
need to avoid confounding trial and treatment effects
is addressed by randomizing in phase III, yet is ignored
in the evaluation of phase II data that determines
whether the phase III trial will be conducted in the first
place. These considerations emphasize the desirability
of randomization among various treatments and
strategies in the early stages of their development.
Designs for this purpose have been described.50 In gen-
eral, these designs call for randomization of a relatively
small number of patients among a relatively large
number of therapies. Enrolling fewer patients on each
trial permits a larger number of treatments to be inves-
tigated. This ability is useful because preclinical ratio-
nale is an imperfect predictor of clinical success. Thus,
although interferon is the only drug currently known
to prolong survival in chronic myeloid leukemia
(CML), its mechanism of action remains unknown.
The development of all-trans-retinoic acid (ATRA) for
APL is now cited as an exemplar of the “bench-to-bed-
side” paradigm. However, it is important to remember
that the initial Chinese reports of high CR rates were
greeted with skepticism in the West; presumably, there
would have been less skepticism if a bench-based ratio-
nale were readily apparent. Indeed, with the exception
of imatinib, most of the drugs that have improved out-
come for patients with leukemia (2-chlorodeoxya-
denosine in hairy cell leukemia, interferon in CML,
ATRA and arsenic trioxide in APL) are examples of
“bedside-to-bench” development. If preclinical ratio-
nale cannot yet replace empiricism, we should exam-
ine a larger number of therapies. Thus, rather than ran-
domizing 240 patients between a standard and an
investigational induction regimen, we might be better
served by randomizing the same 240 patients among a
standard and three investigational induction regi-
mens. It is true that such trials will be nominally
“underpowered.” However, this argument ignores the
false negative rate inherent in the selection of which
investigational regimen to study. For example, if there
are three potential regimens that could be investigated
and if preclinical rationale is, as argued above, a poor
predictor of clinical results, then limiting ourselves
to one regimen in effect potentially entails a false
negative rate of 67%. Simply put, the most egregious
false negative results when a treatment is not studied
at all.

NEED TO MONITOR MULTIPLE OUTCOMES
It is commonly accepted that adaptive monitoring
(interim analyses) of clinical trials can lower the risk
that future patients will receive a therapy already
shown to be ineffective/toxic in earlier patients.
Adaptive monitoring of most LI trials is limited to
interim analyses of response rate, with response
defined so as to include MR, which typically is
observed much more commonly than is CR.28–36 The
presence of MR indicates that the LI has activity and
thus might be worthy of further investigation.
However, as emphasized above,the relationship between
MR and survival or QOL generally is unknown. Thus,
making response the sole focus of interim analyses
overlooks the reality that patients are likely to be con-
cerned with response only to the extent that it is
known to lead to longer survival and/or a better QOL.
This is particularly true in secondary AML/MDS given
the short life expectancy of patients with this condi-
tion. Indeed, because formal “stopping rules” in trials
of LIs are based on response and not on survival, a sce-
nario in which all patients on a trial “respond” but
nonetheless die sooner than might be expected if
standard HI could, in principle, lead to erroneous con-
tinuation of the trial. Because death rates in LI trials
are typically monitored informally and on an ad hoc
basis, such trials often have very undesirable “operat-
ing characteristics” (OCs). OCs include quantities
such as the probability of early termination if a treat-
ment arm is truly associated with a higher mortality
rate, or the probability of selecting a given treatment
if it is truly superior to others, as well as expected
sample size.50

Survival time usually cannot be fully assessed until
several months after entry onto such a trial, while
response (MR or CR) can. Because, however, apprecia-
ble numbers of secondary AML/MDS patients die
within a few months of presentation (e.g., 20–30% at 2
months if given HI), some information about survival
is available early on. It follows that both response and
survival should be formally monitored several months
after beginning a given therapy. Accrual into a treat-
ment arm would stop if either the death rate was too
high or the response rate too low. It is possible that a
high early death rate might transform into a low later
death rate. Similarly, a low response rate might have
no effect on survival. However, it is unlikely that
patients would accept such possibilities, which should
be assessed retrospectively.

Another example is of the use of investigational
therapy during remission induction in younger sec-
ondary AML/MDS patients in whom SCH produces CR
rates in excess of 60% (Table 7.3). The primary goal of
using investigational therapy during induction is to
improve RFS. Obviously then, this outcome must be
monitored. However, because the investigational ther-
apy might reduce a relatively high existing CR rate, it
is also important to monitor CR rate. Trade-offs between
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CR and RFS can be specified. For example, a high prob-
ability that there will be a 5% absolute decrease in CR
rate might not cause early stopping, provided there is
an equally high probability of a 20% improvement in
RFS. These considerations underscore the desirability
of including mechanisms for multiple-outcome moni-
toring in trials in secondary AML/MDS.51,52

NEED TO CONSIDER STRATEGIES 
AS WELL AS TREATMENTS
Monitoring multiple outcomes simultaneously, ideally
based on desirable trade-offs among these outcomes, is
an example of a “multiplicity.” A second type of mul-
tiplicity arises because a given patient with secondary
AML/MDS (or cancer) typically receives multiple treat-
ment regimens. Administration of one therapy may
affect outcome with a subsequent therapy. For exam-
ple, because “targeted therapies” may affect multiple
targets, a therapy directed at target “X” may also
“down (or up) regulate” target “Y,” thereby influencing
response to a future therapy aimed at Y. It is possible
that patients of age 60 and above with high-risk MDS
or secondary AML/MDS might have less TRM if given
LI first, and HI only should LI fail. However the reverse
approach might be preferable if HI’s antileukemia
effect is significantly greater than that of LI, outweigh-
ing any reduction in TRM with the LI first strategy.
Thus, the issue is evaluation of a multicourse treat-
ment strategy, rather than a particular treatment, with
a goal of assessing which is the preferable sequence of

treatments. Conventional statistical designs for LI tri-
als regard each therapy as a distinct entity, thus paying
little formal attention to the issue of the sequence in
which two or more therapies are administered. It fol-
lows that new designs should address this issue.53

NEED TO VIEW DEVELOPMENT OF SECONDARY
AML/MDS THERAPY AS A PROCESS
It might be useful to consider drug development as a
“process” rather than, as it is currently thought of as, a
series of unconnected trials. In this process, referred to
as “continuous phase II,”54 patients are randomized
among a number of treatments or strategies. Arms that
perform better get used more often. Arms that perform
relatively poorly are dropped. An arm that does well
enough is recommended for inclusion in a larger coop-
erative group trial. As more treatments become avail-
able, patients are, “seamlessly,” randomized among
them, without suspending accrual between trials.
Application of the continuous phase II processes
speeds up drug development. We believe this paradigm
is realistic because new statistical designs, based on
Bayesian approaches, provide the requisite flexibility
and versatility,50–54 while the recent emergence of
powerful computational technology has made the
Bayesian paradigm a practical reality. In particular, the
OCs of Bayesian designs can now be readily assessed,
and conduct of trials monitoring multiple outcomes
can be based on a relatively simple user interface.55
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INTRODUCTION

The previous chapters in this book have taken us
through the epidemiology of acute myeloid leukemia
(AML); its pathology and molecular biology; and the
nuances of making the diagnosis, treatment options
for both younger and older adults, and for special pop-
ulations of AML patients [such as those with acute
promyelocytic leukemia (APL) and secondary AML].
This chapter will address the next step in the thought
process about AML, defining remission, predicting
which patients are more or less likely to enter a remis-
sion and enjoy long-term disease-free survival, and it
will provide guidelines for following AML patients
once they have achieved a remission.

DEFINITION OF REMISSION

In broad terms, a complete remission (CR) in AML is
defined as the inability to detect leukemia, using stan-
dard tests (i.e., peripheral blood smears, bone marrow
biopsy and aspirate, and flow cytometry) to the great-
est extent possible. It does not indicate or imply cure,
though patients may mistake the two and assume that
CR and cure are equivalent.1 Another way of approach-
ing this concept is to consider the following thought
experiment. When a patient presents with AML, he or
she presumably has 1012 leukemia cells, which would
be approximately the same number of cancer cells pre-
sent in 1 cm3 of tissue in a solid malignancy [and that
would be considered a pathologic enlargement on
computed tomographic scan].2 Standard remission
induction therapy usually reduces this number by
three or four logs, to 109 or 108 myeloblasts (the
amount required to decrease the number of blasts in
the bone marrow to less than 5%, in the setting of
recovered peripheral blood cell counts).3 In other
words, in the setting of a CR, a patient may still have

between 100 million and 1 billion leukemia cells,
necessitating further cycles of chemotherapy to pro-
mote further log reductions in blasts, with an ultimate
goal of reducing blasts to a finite number, at which
point it is hypothesized that the patient’s immune sys-
tem can eliminate the residual leukemia. Only at this
point can a patient be said to be cured. In AML, remis-
sion status is assessed after a patient’s peripheral blood
values have recovered, usually between 4 and 6 weeks
after the start of remission induction therapy.

The first widely accepted definition of remission in
AML was published in 1990 by a National Cancer
Institute-sponsored workshop that took place in 1988
on definitions of diagnosis and response in AML.4,5

This definition was developed for use in clinical trials,
though it has been widely applied outside of the trial
setting. A CR was defined as a bone marrow biopsy and
aspirate, demonstrating normal cellularity with nor-
mal erythropoiesis, granulopoiesis, and megakary-
opoiesis (typically defined in the context of a bone
marrow cellularity of 20%), and containing no more
than 5% blasts. In addition, the peripheral blood had
to contain at least 1500 granulocytes/mm3 and
100,000 platelets/mm3 for at least 4 weeks in the
absence of intervening chemotherapy. The authors
went on to comment that CRs were the only responses
worth reporting in phase III trials, as lesser responses
[e.g., partial responses (PRs)] do not have an impact on
survival (the leukemia equivalent of being “a little bit
pregnant”). The goal of these definitions was to make
clinical trials comparable and interpretable, though
the authors concede the lack of evidence supporting
portions of their recommendations.

Over the subsequent decade, improvements in diag-
nostic criteria for AML6 and insights into the biology
and genetics of the disease7–10 necessitated revisions of
these guidelines. An international group of investigators
met in Madrid, Spain, in 2001 to develop revised rec-
ommendations that incorporated these new insights
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and novel therapeutics, and the results of their efforts
were published in late 2003.11

The authors report different definitions for CR. The
first, and most commonly used, is a morphologic CR
(Table 8.1). This definition requires that a patient enter
a morphologic leukemia-free state, defined as fewer
than 5% blasts in a bone marrow aspirate; no blasts
with Auer rods or persistence of extramedullary dis-
ease; and absence of a unique phenotype by flow
cytometry identical to what appeared in the initial
specimen (i.e., no persistence of aberrant markers,
such as CD7). In the setting of a morphologic
leukemia-free state, the patient must demonstrate an
absolute neutrophil count of at least 1000 granulo-
cytes/mm3 (the old criteria required 1500) and 100,000
platelets/mm3. Absent are requirements for minimal
bone marrow cellularity, minimal hemoglobin values
(though patients should be transfusion free), and dura-
tion of response, as it was recognized that the 4-week
requirement of maintenance of normal blood counts
was often impossible in patients undergoing postrem-
ission therapy (which often occurs within 4 weeks).
The authors also acknowledge that the bone marrow
blasts percentage cutoff of 5% is entirely arbitrary.

Subcategories of patients who fulfill the definition
of morphologic CR include the following: 

1. Those who enter a cytogenetic CR. Patients in this
category revert to a normal karyotype at CR from an
abnormal one. This category is recommended for
use primarily in clinical studies. 

2. Those who enter a molecular CR (CRm). Reverse
transcriptase polymerase chain reaction (RT-PCR)
techniques are sensitive in detecting residual
leukemia in AML typified by a specific genetic
defect, including the PML/RARA in t(15;17), or the
AML1/ETO fusion in t(8;21). The sensitivity of RT-
PCR falls in the range of detecting one positive cell
in 1000–10,000 cells. The prognostic implication of
CRm is well established in monitoring APL12 and
chronic myelogenous leukemia (CML),13–15 and will
become more so in other types of leukemia.

3. Those who enter a morphologic CR with incomplete
blood recovery (CRi). In the past, this has been
referred to as a CR with the exception of recovery of
platelet counts, and was used first on a broad scale

in studies that led to the eventual approval by the
Food and Drug Administration for gemtuzumab
ozogamicin.16,17 This category was developed for
patients who fulfilled the requirements of a mor-
phologic CR, but with residual neutropenia or
thrombocytopenia. These patients do not seem to
enjoy the same survival as those who enter a full
morphologic CR. 

A partial remission is defined as restoration of
peripheral blood counts to similar values as in a CR,
and a decrease in bone marrow blast percentage by
50% or above, to a total of no more than 25% (but
more than 5%, unless Auer rods are present, in which
case 5% or less is acceptable to meet the PR definition).
Partial remissions are to be used only in the setting of
phase I or II trials, in which a signal of activity (in the
setting of acceptable safety) may be needed to expand
drug testing in a subgroup of patients.

PROGNOSIS IN AML
Although many clinical and pathologic features of
AML have prognostic relevance, only a few prognostic
factors are universally agreed upon, validated, and
impact clinical practice. Nonetheless, newer biologic
markers of prognosis are likely to supplant older clini-
cal markers in the near future.

Age
As discussed further, and in greater detail in Chapter 5,
age greater than 60 years invokes many adverse fea-
tures that make separation of age from other poor
prognostic markers difficult. Nonetheless, the progno-
sis gets progressively worse for patients with AML and
age greater than 60 years, with each incremental
decade of age above 60 years. For patients less than age
60, however, age has proven more difficult to prove as
an adverse risk factor, suggesting that biologic features
of the leukemia, rather than age alone, are most
important in predicting outcome.

In the large trial of cytarabine dose-intensification
reported by Mayer et al., the remission rate was 75% in
patients of age below 40 years and 68% in those of age
40–60 years, but 4-year disease-free survival was 32 and
29%, respectively.18 Similarly, Zittoun et al. failed to
find an adverse impact of increasing age between 10
and 59 years on disease-free survival in a large trial
testing the value of stem cell transplant.19 In contrast,
both the Medical Research Council (MRC) and the
Southwest Oncology Group and Eastern Cooperative
Oncology Group (SWOG/ECOG) intergroup trials
found worse survival with age increasing from 18 to 55
years.20,21 Thus, the impact of age on prognosis in
patients less than 60 years of age is uncertain.

APL has an incidence that is similar among all age
groups, including the group greater than 60 years of
age. There is no evidence that the biology of APL is
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Table 8.1 Criteria for a morphologic CR in AML

Morphologic leukemia-free state
�5% blasts in a bone marrow aspirate 
No blasts with Auer rods or persistence of extramedullary

disease
Absence of a unique phenotype by flow cytometry

identical to what appeared in the initial specimen 

Absolute neutrophil count �1000 granulocytes/mm3

Platelet count �100,000/mm3



different in older versus younger patients. Yet, the sur-
vival for older patients with APL is significantly worse
than it is for younger patients, and it cannot be
explained by an inability to tolerate treatment, since
remission rates are similar. The experience of APL sup-
ports the contention that age is an independent
adverse prognostic factor in AML.

Antecedent hematologic disorders
Some hematologic disorders, such as advanced my-
elodysplastic syndrome (MDS) and CML, invariably
result in transformation to acute leukemia. Others, such
as myelofibrosis with myeloid metaplasia, polycythe-
mia rubra vera, and aplastic anemia, do not always
terminate in acute leukemia. However, all hematologic
disorders that do transform to acute leukemia share an
equally poor prognosis with available therapies. In fact,
many clinical trials of treatment for acute leukemia
exclude patients with antecedent hematologic disorders
(AHD) for this very reason. The influential Cancer and
Leukemia Group B (CALGB) study that found higher
doses of cytarabine after remission improve survival
compared to lower doses excluded patients with AHD.18

Other studies group patients with AHD with those pre-
viously exposed to cytotoxic treatments, such as
chemotherapy, making distinctions with regard to one
group or another difficult.

However, some studies included patients with AHD
and analyzed them separately from those with treat-
ment-related AML. One study retrospectively com-
pared 44 patients with an AHD to 152 patients without
such a history. The remission rate was lower in patients
with an AHD (41% vs 73%), and was only 23% in AHD
patients older than 64 years.22 For patients with AHD
who achieved remission, disease-free survival was 17%
at 3 years versus 29% (P 
 0.02) in patients without
AHD. Others have reported similar results, but the
confounding variables of age and cytogenetics cloud
the potential independent adverse prognostic impact
of an AHD.

Some patients with AML present with no history of
AHD, but have dysplastic changes in their marrow at
diagnosis. These patients also have a worse prognosis
compared to patients without such morphologic
abnormalities.23,24

Although some patients who transform from a
myeloproliferative disorder into AML achieve remis-
sion with standard induction chemotherapy, the dura-
tion of response is brief.25 In a study of 91 cases of
myelofibrosis that transformed into AML, 24 patients
were treated with standard induction chemotherapy.26

Of these, none achieved a CR. Although 10 patients
reverted to chronic phase disease, their median survival
was only 6 months. Importantly, the treatment-related
mortality rate was 33% and the median survival of
patients treated with chemotherapy (3.9 months) was
not significantly different than that achieved without
intensive chemotherapy (2.1 months).

Prior cytotoxic therapy
Patients treated with cytotoxic chemotherapy or radio-
therapy for both malignant and nonmalignant condi-
tions are at risk for subsequent, or secondary, AML.
Patients with secondary leukemia have an extremely
poor prognosis with standard treatments. Secondary
leukemias are frequently characterized by clonal cyto-
genetic abnormalities that by themselves connote a
worse prognosis (see below). In one series, only 29% of
patients with secondary AML or MDS achieved remis-
sion with standard induction chemotherapy, and only
13% of patients survived 2 years.27 Other recent series
confirm these dismal results.28,29

However, some secondary leukemias have a more
favorable prognosis and should be recognized. Patients
with secondary AML characterized by favorable cyto-
genetics, such as t(8;21) and inv(16), have a worse
prognosis compared to patients with favorable cytoge-
netics and de novo AML, but have a significantly bet-
ter prognosis than other patients with secondary AML
and should be treated with curative intent.30,31 Rarely,
APL is induced by exposure to chemotherapy.32 When
this happens, remission rates and survival are similar
to those achieved in the setting of de novo APL.33

Other clinical factors
Some studies suggest that higher white blood cell
counts correlate with a worse prognosis,34 but other
studies refute this assertion.35 In a large study of over
1000 patients, no clinical factor was found to signifi-
cantly influence survival when cytogenetics and
response to treatment were factored in.21 A recent
study suggests that race may be an important, and
heretofore unrecognized, prognostic factor. African-
American men with AML have a significantly worse
remission rate and survival compared to other patients
with AML, including African-American women.36

We have reviewed our own experience in older
patients with AML treated with a uniform induction
chemotherapy regimen.37 Patients who present with a
high lactate dehydrogenase level or significant anemia
have a survival of less than 5 months.38 Consistent with
reports from larger trials, we found that a delay from
diagnosis to the institution of therapy adversely
impacts survival.39,40 In aggregate, these observations
suggest that those patients may be identified at diagno-
sis who will not benefit from standard induction
chemotherapy. Furthermore, a leukocyte nadir count of
less than 0.04/	L correlates with a poorer prognosis.41

Biologic factors
Evidence is quickly accumulating that biologic factors
intrinsic to the leukemic clone have as much, if not
more, prognostic significance as do more traditional
clinical factors. Cytogenetic analysis has become criti-
cal to the management of AML. Further details as to
the molecular aberrations induced by cytogenetic

Chapter 8 ■ Definition of Remission, Prognosis, and Follow-Up 85



abnormalities in AML are discussed in Chapter 2.
Whether functionally relevant to leukemic pathogene-
sis or not, the presence or absence of cytogenetic
abnormalities provides important prognostic informa-
tion that is relevant to both younger and older adults
with AML.42

Three large, multi-institutional efforts have ex-
plored the prognostic significance of cytogenetics in
detail. As displayed in Table 8.2, there is general agree-
ment as to the prognostic significance of many, but
not all, abnormalities.43–45 Some of the discrepancy
may lie in the patient population analyzed. For exam-
ple, the CALGB study included all patients up to age
86 years, while the other two studies limited their
analysis to patients less than 56 years of age. The
CALGB study also excluded patients with the t(15;17).
The MRC study included children. The SWOG/ECOG
and MRC studies each analyzed the results of one
study, while the CALGB study compiled data from sev-
eral clinical trials (as shown in Figure 8.1). 

Another complicating factor with regard to the
prognostic role of cytogenetics is that all three studies
analyzed patients treated differently from the patients
in other studies. For example, the CALGB has argued
that patients with favorable risk cytogenetics should

be treated with multiple cycles of high-dose cytara-
bine.46,47 However, other studies, such as the one ana-
lyzed by the MRC, show similar survival rates without
such therapy.44,48

Allogeneic stem cell transplant is often recom-
mended for patients with poor-risk cytogenetics and
an available HLA-matched donor. In the SWOG/ECOG
study, this approach led to a 5-year overall survival of
44%, compared to 13–15%, in patients treated with
chemotherapy alone or autologous stem cell trans-
plant.43 In contrast, the MRC study showed no benefit
to allogeneic transplant for patients with poor-risk
cytogenetics in first CR.49 Nonetheless, the poor results
of chemotherapy in all studies, and the relatively bet-
ter results with allogeneic transplant in most studies,
suggest that transplant remains the treatment of
choice for patients with poor-risk cytogenetics in first
CR.50,51

The study of clonal cytogenetic abnormalities has
led to the discovery of abnormal and dysregulated
genes that result in specific AML phenotypes. Gene
expression profiles by microarray analysis confirm the
prognostic relevance of cytogenetic risk groups and
suggest that other risk groups may yet be identified.52,53

For example, patients with normal cytogenetics have a
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Table 8.2 Pretreatment cytogenetic risk groups for overall survival in AML

SWOG/ECOG43 MRC44 CALGB45

Number of patients 584 1612 1213
Favorable risk Inv(16), t(16;16) Inv(16), t(16;16) Inv(16), t(16;16)

del(16q) del(16q) t(8;21)
t(8;21) lacking t(8;21) del(9q) only if treated 
del(9q) or complex t(15;17) by stem cell transplant
karyotypes [t(15;17) excluded]
t(15;17)

Intermediate risk Normal karyotype Normal karyotype Normal karyotype
�Y 11q23 abnormalities �Y
�8 �8 del(5q)
�6 del(9q) loss of 7q
del(12p) del(7q) t(9;11)

�21 �11
�22 del(11q)
All others abn(12p)

�13
del(20q)
�21

Poor risk Complex karyotype Complex karyotype Complex karyotype
3q abnormalities 3q abnormalities Inv(3), t(3;3)
t(6;9) t(6;9) t(6;9)
�5, del(5q) �5, del(5q) t(6;11)
�7, del(7q) �7 �7
t(9;22) t(9;22) �8
9q abnormalities t(11;19(q23;p13.1)
11q abnormalities
20q abnormalities
21q abnormalities
17p abnormalities

Unknown risk All others NA NA



poor prognosis when FLT3 mutations are identi-
fied.54–59 Conversely, the presence of CCAAT/enhancer
binding protein-alpha (CEBP-α) mutations60 and the
presence of cytoplasmic nucleophosmin due to
translocations involving the NPM gene seem to result
in a more favorable prognosis.61 The identification of
prognostically relevant molecular pathways should
allow for the development of small molecules capable
of targeting these pathways and improving survival.

Follow up
Recommendations for follow up of patients diagnosed
with AML who undergo remission induction and
postremission therapy and who attain a CR are some-
what arbitrary. While they are based on the recommen-
dations of leukemia experts, they are not grounded in
any evidence-based literature that the degree and fre-
quency of surveillance translates to earlier detection of
recurrent leukemia, or that this would result in im-
proved survival.

The National Comprehensive Cancer Network has
published guidelines on surveillance of AML patients
who have attained a remission.62 This group recom-

mends routinely following patients with complete
blood cell counts every 2–3 months for the first 2 years
following attainment of remission, and then every 4–6
months for 3 more years, for a total of 5 years of follow
up. Bone marrow biopsies should be obtained only in
the setting of worrisome peripheral blood counts, and
not otherwise regularly, unless a patient is enrolled in
a clinical trial that calls for this surveillance.

We recommend obtaining a bone marrow biopsy
and aspirate at the conclusion of postremission ther-
apy to document a CR. As is shown in Figure 8.2, we
then follow patients with complete blood cell counts
every month for 1 year after the postremission therapy
CR, and then every 2 months for 1 year. For the third
year, we follow patients every 3–4 months for 1 year,
and then for years 4–5, every 4–6 months for 2 years,
for a total of 5 years of follow up. We further recom-
mend obtaining bone marrow biopsies only in the set-
ting of worrisome blood counts, and urge assessment
of cytogenetics at those times to document persistent
disease on a molecular level or cytogenetic evolution,
which could indicate disease progression and/or
treatment-related bone marrow disorders. During the
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Figure 8.2 Routine follow up of AML patients. CBCD, complete blood cell count with differential

Figure 8.1 Five-year overall survival in
AML varies by cytogenetic risk group. SWOG/
ECOG, Southwest Oncology Group/Eastern
Cooperative Oncology Group43; MRC,
Medical Research Council of Great Britain44;
CALGB, Cancer and Leukemia Group B45



follow-up period, patients should also resume contact
and routine checkups with their primary care physi-
cians.

SUMMARY

Established criteria should be used to establish whether
or not AML patients have entered a remission follow-

ing standard chemotherapy regimens. Prognostic fac-
tors, particularly cytogenetics, are useful in determin-
ing the most appropriate risk-adapted approach to
postremission therapy, which may include bone mar-
row transplantation for those in high-risk AML groups.
Patients should be followed for 5 years after postremis-
sion therapy with routine blood tests, with bone mar-
row examinations reserved only for suspicion of
relapsed disease.
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INTRODUCTION

While there are few easy problems in medical oncol-
ogy, caring for the patient with relapsed or refractory
acute myeloid leukemia (AML) is among the most
challenging. Patients and their families are under-
standably disappointed, frightened, and desperate
upon learning that initial therapy did not provide the
hoped for results. And their concerns are justified, as
treatment for recurrent leukemia is generally far less
effective than initial therapy. Further, the physician
has only a limited amount of information to help in
the selection of therapy since, while there are a large
number of studies and review articles dealing with ini-
tial therapy of AML, far less is written about recurrent
disease. There is also much greater heterogeneity
among patients by the time they relapse than at initial
diagnosis. Despite, or better, because of the challenges
posed by recurrent AML, there are many good reasons
to focus on the topic. Given our current abilities and
success rates in treating de novo AML, the majority of
patients with AML will eventually fall into this cate-
gory. Further, although outcomes are not outstanding,
many patients who have relapsed can still be cured.
And finally, this is where research is most needed.

DEFINITIONS

Although the terms “primary induction failure,”
“relapsed,” and “refractory” are often used, consistent
definitions are lacking. “Primary induction failure” is

generally used to describe those patients who fail to
respond to an initial induction attempt. What consti-
tutes an “induction attempt” is less certain. If induc-
tion is taken to mean a single cycle of standard-dose
cytarabine plus daunomycin, at least 40% of failing
patients will achieve a complete remission (CR) with a
second cycle of treatment.1,2 Although failure to
achieve a CR with one cycle of therapy ultimately indi-
cates a poor prognosis, because almost half of patients
who fail a single cycle will still achieve a CR with a sec-
ond cycle of the same therapy, the term primary induc-
tion failure should be reserved for patients who fail two
cycles of standard-dose therapy. Less is known about
patients who fail a single-induction cycle containing
high-dose cytarabine. The term “refractory AML” has
been used to describe a subset of relapsed AML that is
unlikely to respond to further salvage chemotherapy.
Hiddemann et al. were among the first to provide a
system of definitions and, based on a study of 180
patients, defined “refractory” as patients who had
failed initial induction therapy, those who relapsed
within 6–12 months of first CR, and those in second or
subsequent relapse.3 Estey et al. performed a retrospec-
tive study of 206 patients treated with chemotherapy
for recurrent AML at the MD Anderson Cancer Center
and were able to identify four groups, based princi-
pally on the duration of first CR.4 Patients with an ini-
tial CR in excess of 2 years had a 73% likelihood of
obtaining a second CR. Those with an initial CR dura-
tion of 1–2 years had a 47% CR rate. Patients with an
initial CR lasting less than 1 year or with no initial CR
receiving their first salvage attempt had a subsequent
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CR rate of 14%. And those receiving a second or subse-
quent salvage attempt had a 0% CR rate. Both
Hiddemann’s and Estey’s definitions focused on the
likelihood of obtaining a second CR. In a subsequent
publication, Estey et al. also considered the likelihood
of obtaining long-term survival without transplanta-
tion and reported that the only group of nontrans-
planted relapsed patients with survival above 10% 2
years after salvage therapy was the group with an ini-
tial CR duration of greater than 2 years.5 The studies
described so far were limited to patients who received
aggressive chemotherapy as their initial treatment. Few
studies describe the course of patients with AML who
relapse after receiving hematopoietic cell transplanta-
tion (HCT) as first-line therapy, where it has been exam-
ined that the time from marrow transplantation to
relapse was the most important predictor of response to
reinduction therapy.6 Thus, at present, as shown in Table
9.1, at least five categories of patients can be defined
based on the therapeutic options available to them, their
likelihood of obtaining a subsequent remission, and the
probability of remaining in remission: primary induc-
tion failure, refractory AML, relapsed poor prognosis
AML, relapsed favorable prognosis AML, and posttrans-
plant relapse. 

There are data to suggest that patient’s age, perfor-
mance status, and cytogenetics also predict the likeli-
hood of obtaining a second CR with salvage
chemotherapy. For example, in a review of 254 patients
undergoing reinduction therapy, Kern et al. reported
that early death during reinduction most closely corre-
lated with patient age, while unfavorable chromosomal
abnormalities were associated with a lower CR rate.7

However, in a multivariate analysis, the only factor
associated with time to treatment failure was the dura-
tion of first remission. Thus, at present, few data sug-
gest that there are factors independent of the ability to
obtain a first CR and its duration to predict response
rates or duration following salvage chemotherapy.

There are several categories of patients excluded
from the above definition system. Patients with acute
promyelocytic leukemia are not included, as their
therapy is now so distinct from that used for the

majority of AML patients. Also not included are the
very elderly or infirm who were not initially treated
with aggressive chemotherapy, or who at relapse are
not considered to be candidates for such treatment.

COMBINATION CHEMOTHERAPY FOR
PATIENTS IN FIRST RELAPSE

RETROSPECTIVE STUDIES
A number of retrospective studies have described the
outcome of combination chemotherapy for patients
with AML in first relapse. At least five have included
more than 100 patients (see Table 9.2).3,8–11 Most of
these reports were summaries of multiple regimens and
included a fairly wide range of categories of patients. In
these five studies, the early death rate ranged from 8 to
32% and the CR rate varied from 30 to 51%. The dura-
tion of CR2 was in the range of 5–7.5 months, and the
median survival in these trials was 4–10 months. While
it is difficult to extract principles of treatment from
these retrospective studies, they do provide a realistic
sense of what can be expected with fairly standard
chemotherapy. They also help confirm the influence of
duration of CR on subsequent outcome and the influ-
ence of age. For example, in the study reported by
Keating et al., the CR rate was 62% in those with a first
CR of longer than 12 months versus 19% in those with
a shorter first remission, and the CR rates were 36% in
those younger than 60 versus 14% in those older than
60 years.9 While a number of other smaller retrospective
studies have reported somewhat more encouraging
results, the potential impact of patient selection and the
biases imposed by the choice to report and publish
these series is substantial, arguing that such studies
should be interpreted with considerable caution.

PROSPECTIVE PHASE II TRIALS
A number of prospective phase II trials exploring vari-
ous regimens as treatment for AML in first relapse have
been published and are included in the excellent sum-
mary by Leopold and willemze (see Table 9.3).12–27

These have generally included a fairly limited number
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Table 9.1 Categories of previously treated active
leukemia

Category Comment

Primary induction failure Following two cycles of conven-
tional dose therapy

Refractory First relapse after initial remission
of �6 months duration, or 
second or subsequent relapse

Relapse, poor risk First relapse after initial remission
of 6–24 months

Relapse, good risk First relapse after initial remission
of �24 months

Posttransplant relapse

Table 9.2 Large retrospective reports of treatment of
AML in first relapse

CR2 median 3-Year 
CR2 duration survival

Author N (%) (months) (%)

Rees et al.8 485 30 NA1 NA
Keating et al.9 187 33 6 8
Thalhammer
et al.10 168 39 7.5 19
Hiddemann
et al.3 136 51 5 �10
Davis et al.11 126 40 7 18

N, number; CR2, second complete remission; NA, not available. 



of patients (from 20 to 63) and have reported CR rates
ranging from 40 to 68%. Given the relatively small size
of these studies and the potential powerful influence
of patient selection on outcome, it is difficult to evalu-
ate the relative merits of these regimens based on these
reports. Nonetheless, several of the regimens described
in these papers have found their way into common
usage. For example, combinations of mitoxantrone,
etoposide, and cytarabine (MEC) produced response
rates of 60–68% as described by Archimbaud et al. and
Vignetti et al. and are now commonly used.12,13 The

FLAG regimen combining fludarabine, cytarabine, and
granulocyte colony-stimulating factor (G-CSF) pro-
vided a 50% response rate and is likewise commonly
prescribed.19 These regimens have not been compared
in any systematic manner to other regimens.

PROSPECTIVE RANDOMIZED PHASE III TRIALS
A limited number of phase III randomized trials focus-
ing on the treatment of recurrent AML have been pub-
lished (see Table 9.4). In a study addressing the question
of cytarabine dosing, Kern et al. compared high-dose
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Number of patients 584 1612 1213
Kern et al.28 HiDAC�Mito 73 52 5 NA

IDAC�Mito 113 44 3 NA

Vogler et al.29 HiDAC 47 40 12 8
HiDAC�E 44 45 25 12

Karanes et al.b30 HiDAC 81 32 9 8
HiDAC�Mito 81 44 5 13

Thomas et al.31 MEC 36 81 4 18
MEC�GM 36 89 5 18

Ohno et al.32 MEC 26 42 14 NA
MEC�G 24 54 12 NA

List et al.c33 IDAC�D 107 33 6 9
IDAC�D�CSP 119 39 9 20

aHiDAC, high-dose cytarabine; Mito, mitoxantrone; IDAC, intermediate-dose cytarabine; E, etoposide; MEC, mitoxantrone, etoposide,
cytarabine; GM, granulocyte macrophage colony-stimulating factor; G, granulocyte colony-stimulating factor; D, daunomycin; CSP,
cyclosporine; NA, not available.
bKaranes study included patients with primary refractory disease and first relapse.
cList study included patients with primary refractory disease and first relapse (N
177) and patients with AML evolving from MDS
(N
49).

Table 9.4 Randomized trials of AML in first relapse

CR2 duration 3-Year survival
Author Regimena N CR2 (%) (months) (%)

Archimbaud et al.12 MEC 63 76 8 11
Vignetti et al.13 MEC 50 68 4 29
Carella et al.14 ICE 50 50 4 NA
Sternberg et al.15 IDAC�Mito 47 62 NA NA
Harousseau et al.16 IDAC�IdA 35 60 4.5 NA
Peters et al.17 IDAC�mAMSA 27 56 NA NA
Brito-Babapulle et al.18 IDAC�Mito 26 58 8 NA
Ferrara et al.19 FLAG 26 50 13 NA
Estey et al.20 FA 25 40 10 NA
Saito et al.21 IDAC�Acl�G 23 87 NA 20
Jehn and Heinemann et al.22 IDAC�mAMSA 23 78 3.3 10
Pavlovsky et al.23 Ara-c�Rub 22 54 4 NA
Kornblau et al.24 CECA 22 14 NA NA
Harousseau et al.25 IDAC�Mito 20 60 NA NA
Ho et al.26 Mito�E 20 45 5 NA

aMEC, mitoxantrone, etoposide, cytarabine; ICE, idarubicin, cytarabine, etoposide; IDAC, intermediate-dose cytarabine; Mito, mitoxantrone;
IdA, idarubicin; FLAG, fludarabine, cytarabine, granulocyte colony-stimulating factor; FA, fludarabine, cytarabine; Acl, aclarubicin; Rub,
rubidizone; CECA, cyclophosphamide, etoposide, carboplatin, cytarabine; E, etoposide; NA, not available.

Table 9.3 Selected prospective phase ii studies of chemotherapy for AML in first relapse

CR2 duration 3-Year survival
Author et al. Regimena N CR2 (%) (months) (%)



versus intermediate-dose cytarabine when combined
with mitoxantrone.28 They reported a trend toward a
higher CR rate (52% vs 44%) and a slightly longer
duration of second remission (median of 5 vs 3 months)
with the higher dose regimen. However, because of a
greater early death rate with the higher dose regimen,
no benefit in overall survival was seen. 

Several studies have addressed the impact of adding
other drugs to high-dose cytarabine. Vogler et al. asked
whether there was any benefit from adding etoposide
to high-dose cytarabine, and reported that CR rates
were similar (40% with cytarabine alone vs 45% with
cytarabine and etoposide).29 They also did not see a
difference in remission duration in the two arms of the
study. Karanes et al. asked whether there was any ben-
efit from adding mitoxantrone to high-dose cytara-
bine.30 They reported a significantly higher CR rate
with the addition, but no improvement in overall
survival. 

A third group of studies has attempted to evaluate
the impact of the addition of hematopoietic growth
factors to chemotherapy for recurrent AML. Thomas 
et al. asked whether the addition of granulocyte-
macrophage colony-stimulating factor (GM-CSF) to
the MEC combination improved outcome. In this
study, GM-CSF was given during chemotherapy in an
effort to recruit cells into cycle, thereby sensitizing
them to GM-chemotherapy. The CR rates in both arms
of the study were remarkably high (81% without GM-
CSF vs 89% with CSF), but not different from each
other.31 The median survival was somewhat better
than seen in other studies (8.5 vs 10 months, respec-
tively). Ohno et al. studied the addition of G-CSF to
the MEC combination and reported CR rates of 54%
with G-CSF versus 42% without G-CSF.32

A final group of studies addressed whether inhi-
bition of the multidrug-resistance pump using
cyclosporine might benefit patients. In a randomized
trial, List et al. found that adding cyclosporine to a
combination of high-dose cytarabine and dauno-
mycin led to significantly less treatment failure due
to drug resistance, and improved both disease-free
survival and overall survival.33 However, a smaller
study from the Dutch group, which tested the addi-
tion of cyclosporine to the combination of mitox-
antrone and etoposide, found that although the CR
rate was higher with cyclosporine (53% vs 43%),
there was no improvement in overall survival, possi-
ble due to inadequate postinduction therapy as a
result of the toxicities of the reinduction treat-
ment.34

The experience of the Dutch group is typical. All of
these aggressive reinduction regimens are accompa-
nied by significant toxicities, including the risks of sig-
nificant organ damage and the acquisition of infec-
tions, which may make further therapy, including
HCT, difficult or impossible. Thus, the search for effec-
tive, less toxic therapies continues.

SINGLE-AGENT THERAPY
Gemtuzumab ozogamicin consists of a humanized
anti-CD33 antibody conjugated to a potent chemother-
apeutic, calicheamicin. The drug was developed based
on the observation that most AML blasts express
CD33, while normal stem cells and nonhematopoietic
tissue do not. By targeting CD33, an effective, less
toxic therapeutic might result. A large trial in patients
with AML in first relapse showed that gemtuzumab
ozogamicin used as a single agent resulted in complete
responses in 26% of patients (approximately half of
whom attained a CR with the exception of platelet
recovery, or a CRP), and with less toxicity than might
be expected with high-dose chemotherapy.35 Based on
these results, the drug was approved by the Food and
Drug Administration for the treatment of older
patients with recurrent AML in which blasts express
CD33. Subsequent studies have shown that, in some
combinations, gemtuzumab ozogamicin may con-
tribute to the development of veno-occlusive disease
of the liver, so that care should be taken in combining
this agent.

HEMATOPOIETIC CELL TRANSPLANTATION

PRIMARY INDUCTION FAILURE
Several studies have shown that some patients who fail
primary induction therapy can still be cured if treated
with allogeneic transplantation. For example, the
European Bone Marrow Transplant Group reported
long-term survival in 20% of such patients treated
with matched sibling transplantation.36 These results
emphasize the importance of HLA-typing patients and
family members at the time of diagnosis so that valu-
able time will not be lost should induction therapy
fail. This is particularly important if the patient does
not have a matched sibling and an alternative source
of stem cells, such as a matched unrelated donor or
unrelated cord blood, must be identified.

TRANSPLANTATION AS SALVAGE THERAPY FOR
PATIENTS WITH MATCHED SIBLINGS
Although there are no randomized trials to prove
the point, retrospective comparisons suggest that HCT
should be considered for almost all patients of age 55
or less with matched siblings who relapse after an ini-
tial remission. There are occasional patients with long
first remissions (greater than 2 years according to the
MD Anderson data) who may do as well with
chemotherapy, reserving transplantation for a subse-
quent relapse, but such patients are uncommon.37

Whether patients with AML in first relapse should
undergo reinduction therapy before proceeding to
transplant from a matched sibling is an unresolved
question. A study from Seattle of 126 patients trans-
planted in untreated first relapse reported a 28% 5-year
disease-free survival.38 This result is only slightly less
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than what might be expected for matched sibling
transplants for AML in second remission. For example,
the European Transplant Group reported a 35% 3-year
disease-free survival rate among 459 patients trans-
planted in second remission from matched siblings.39

However, on an average only approximately 50% of
patients in first relapse will be successfully reinduced,
10–15% may die during the reinduction attempt, and
others may develop complications that would pre-
clude subsequent transplantation. The results of trans-
plantation in first relapse appear best in those without
substantial numbers of circulating blasts. Thus, for
those patients with matched siblings where relapse is
found early, proceeding straight to allogeneic trans-
plant can be recommended. However, for those with
substantial numbers of circulating blasts or those for
whom considerable time is required to identify the
donor or arrange the logistics for transplantation, rein-
duction will be necessary.

Discussions of the separate elements of the trans-
plant procedure are included in Chapter 92. However,
there have been no randomized trials, addressing the
best preparative regimen, source of stem cells, or form
of graft-versus-host disease (GvHD) prophylaxis specifi-
cally focused on the treatment of AML in first relapse or
second remission. 

Because of the acute toxicities associated with the
high-dose preparative regimens commonly used in
the treatment of AML, as well as an increased inci-
dence of GvHD in older patients, allogeneic trans-
plantation in the past was generally restricted to
younger patients, generally those less than age 55–60
years. It has long been appreciated that much of the
antileukemic effects of allogeneic HCT came from the
graft-versus-tumor (GvT) effect. Thus, in an effort to
bring the benefits of allogeneic transplantation to an
older population of patients, investigators have begun
devising strategies to insure allogeneic engraftment
without the use of high-dose therapy. A number of
reduced-intensity regimens have been developed and
used in the treatment of relapsed acute leukemia.
These have varied in intensity from low-dose regi-
mens, such as the Seattle regimen consisting of flu-
darabine 30 mg/kg for 3 days plus 200 cGy total body
irradiation (TBI) with posttransplant mycophenolate
mofetil and cyclosporine, to regimens of somewhat
greater intensity, such as the busulfan 8 mg/kg, flu-
darabine, and antithymocyte globulin regimen.40 The
Seattle regimen is able to insure engraftment in the
large majority of patients and, in patients ranging in
age from 50 to greater than 70 years, has been associ-
ated with a 100-day nonrelapse mortality of 5–8% and
an overall non-relapse mortality of less than 20%.41

These reduced- intensity regimens have not been, in
general, effective for patients in frank relapse, but
results in second- remission patients are encouraging.
The Seattle group recently reported on a group of 39
patients with AML in second remission who were not

candidates for ablative transplants and recorded the
disease-free survival at 3 years as slightly in excess of
40%.42

TRANSPLANTATION AS SALVAGE THERAPY FOR
PATIENTS WITHOUT MATCHED SIBLINGS
Patients with AML in second remission but lacking
matched family member donors are candidates for
either autologous or matched unrelated HCT.
Randomized trials comparing the two have not been
reported. Relatively small individual trials of autolo-
gous transplantation in second remission report 3-year
disease-free survival rates ranging from 21 to 52%,
with registry data settling at about 30% disease-free
survival.43 Better results can be expected in patients
with longer first remissions. A retrospective matched
pair analysis of the outcome of 340 patients with AML
in second remission treated with either autologous or
matched sibling transplantation reported lower
relapse rates and somewhat better survival with allo-
geneic transplantation (39% vs 30% at 4 years).44 Less
data are available about the use of matched unrelated
donor transplants for AML in second remission. The 
5-year survival rate reported by the National Marrow
Donor Program in 473 patients was 31%.45 Similar
results have been published from single institutions.46

A case-controlled study was conducted by the
European Bone Marrow Transplant Group in which
the outcome of 46 recipients of unrelated donor trans-
plants for AML in second remission was compared
with twice that many autologous recipients.47 Long-
term outcomes, as measured by overall survival, were
similar between the groups. While this study has many
shortcomings, including its retrospective nature and
small sample size, without further data for direction,
autologous transplantation might be considered as the
best option for older patients and those with more
favorable disease characteristics, such as longer first
remission, while matched unrelated donor transplan-
tation might be more appropriate for younger patients
and those with more unfavorable disease.

Although the amount of data are much more lim-
ited, other sources of stem cells are being explored for
patients without matched siblings or matched unre-
lated donors, including the use of haplomismatched
donors and the use of cord blood transplants. Both of
these approaches are discussed more fully in Chapters
36 and 97.

TREATMENT OF POSTTRANSPLANT RELAPSE
Patients who relapse following hematopoietic cell
transplant present a unique set of problems and, in
some cases, opportunities for further therapy. Patients
who relapse following an autologous transplant per-
formed for AML in first CR often will respond to fur-
ther chemotherapy, and the likelihood of response
correlates with the length of first CR posttransplant.
The results of second allogeneic transplants after failure
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of first autologous transplants have been reported.48

Among 24 such patients, the 2-year disease-free sur-
vival was surprisingly high, at 46%. The majority of
survivors were younger than 17 years and had failed a
chemotherapy-only autologous transplant, so that a
TBI-containing preparative regimen could be used for
the subsequent allogeneic transplant. Such favorable
results cannot be expected for older adults who fail a
TBI-containing autologous transplant; a strategy of
chemotherapy to induce a second remission followed
by reduced-intensity allogeneic transplant is probably
more appropriate.

Different options are available to the patient who
relapses following an allogeneic transplant. Donor lym-
phocyte infusions (DLI) can, by themselves, induce
CRS in 20–30% of patients.49 Although experience is
still limited, most data would suggest that long-term
survival after DLI is more likely if patients are first
treated back into CR with chemotherapy before receiv-
ing DLI. Significant toxicities can follow DLI, includ-
ing transient marrow hypoplasia, and more impor-
tantly, significant GvHD. The extent of GvHD is
related to both the total number of T- cells infused and
the schedule, with less GVHD being associated with a
fractionated infusion schedule. If patients have signif-
icant GVHD at the time of relapse, the risks of further
DLI outweigh the possible gain, and for such patients
options are generally limited to further chemotherapy
or palliative care.

SUMMARY OF TREATMENT OPTIONS FOR
RELAPSED AND REFRACTORY AML

Enrolment of patients onto well-designed clinical trials
should always be at or near the top of therapeutic
options. However, if an appropriate clinical trial is not
available or if patients decline participation, the fol-
lowing represents a brief summary of therapeutic
options for patients with primary induction failure or
recurrent AML.

The only curative approach for patients with AML
who fail primary induction is allogeneic HCT, so every
effort should be made to identify a donor and proceed
to transplant if the patient is a suitable candidate. If no
donor is available, investigational or palliative therapy
should be considered.

In considering therapeutic approaches for patients
with AML who achieve a CR and then relapse, the first
question to address is whether the individual patient is
a possible candidate for an ablative transplant
approach. If so, and if the patient is in early relapse
and is known to have a matched sibling, proceeding
directly to an allogeneic transplant is recommended.
An autologous transplant in untreated first relapse can
also be considered if stem cells were stored in first
remission and the first remission was of reasonable
length. If the patient is a candidate for an ablative

transplant but a donor has not been identified, no
stem cells were stored, or there are substantial num-
bers of circulating blasts at the time relapse, then rein-
duction therapy is needed. Although the published lit-
erature does not permit the identification of a single
regimen as the best, based on randomized trials regi-
mens combining high-dose cytarabine with a second
agent seem justified, and in at least one randomized
trial the use of a multidrug-resistance inhibitor seemed
to further improve outcome.33

If patients are not transplantation candidates
because of age or comorbidities, the wisdom of using
aggressive chemotherapy with their accompanying
toxicities should be questioned, and consideration for
the use of less aggressive therapy, such as single-agent
gemtuzumab ozogamicin, might be considered.

NEW FRONTIERS IN AML THERAPY

IMPROVED DIAGNOSTICS
In a relatively short time, the application of cytoge-
netics to clinical decision making in AML has become
almost second nature—patients with t(15;17) require
all-trans-retinoic acid, those with t(8;21) or inv(16)
can be successfully managed with chemotherapy
alone, while those with monosomy 7 or complex
abnormalities may benefit from allogeneic transplant.
Given recent advances in gene expression array analy-
ses and, perhaps, proteomics as well, there is every
reason to think that many more markers predictive of
outcome should be forthcoming.50,51 In addition to
the increased information to be gained at diagnosis, it
is almost certain that we should be able to develop
tests that will be capable of assaying the results of ini-
tial therapy and thus guide further treatment.
Quantitative polymerase chain reaction (PCR) assays
with considerable predictive power are already being
applied to the treatment of accute promyelocytic
leukemia and chronic myeloid leukemia (CML).52,53

The lack of consistent translocations makes it more
difficult to develop PCR-based tests widely applicable
to all AMLs, but encouraging data with multicolor
flow cytometry are emerging.54 Even without the
development of any new therapies, the ability to pre-
dict those patients unlikely to be cured with
chemotherapy alone and to be able to offer them a
bone marrow transplant in first remission, and at the
same time spare those likely cured with chemotherapy
unnecessary transplant, should improve substantially
the overall therapy of AML.

EMERGING THERAPIES
New therapies targeting mutational events
Mutations in receptor tyrosine kinases can be found in
a substantial proportion of AML cases. The most com-
monly affected enzyme is FLT3, which is mutated in
approximately 30–35% of cases.55,56 The majority of
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these mutations are internal tandem repeats in the
juxtamembrane domain, while a lesser number are
point mutations in the activation loop of FLT3. Both
types of mutations lead to constitutive activation of
the tyrosine kinase and stimulation of growth-related
signaling. Retroviral transduction of the activated
enzyme into mice results in a myeloproliferative syn-
drome, but further mutations are required for the
development of full-blown leukemia.57 FLT3 muta-
tions are more commonly seen in t(15;17) and t(6;9)
AMLs, but only rarely seen with �7, �5, t(8;21),
inv(16), or with mutated RAS.58 The presence of FLT3
is correlated with a higher white count at diagnosis
and a poorer overall outcome of treatment.59,60 Given
the prominent role of FLT3 mutations in AML, efforts
have been made to identify and develop compounds
capable of inhibiting this tyrosine kinase. At least four
compounds have entered clinical trials (reviewed in
Ref. 61). CEP-701 (Cephelon, Inc, West Chester, PA) is
an indolocarbazole derivative that has entered phase II
clinical trials. CT53518 is a piperazinyl quinazoline and
is in phase I studies. PKC412 (Novartis Pharma-
ceuticals, Bazel, Switzerland) is a benzolystaurosporine
and has been examined in phase II trials. SU11248
(Sugen, San Francisco, CA) has been examined in a
phase I study. While it is too early to reach definitive
conclusions, the results of early studies to date show
biologic activity of all of these compounds with lower-
ing of blast counts in peripheral blood and marrow.61

However, sustained complete remissions have not been
seen with any frequency, suggesting that, unlike the sit-
uation with the tyrosine kinase inhibitor imatinib in
CML, it will be necessary to combine kinase inhibitors
with other drugs to get any substantial clinical benefits.

c-KIT and FMS are other receptor tyrosine kinases
sometimes mutated or overexpressed in AML.62,63 In a
study of SU5416, an inhibitor of c-KIT, only 1 of 38 c-
KIT-positive AML patients had a complete response,
but 7 had substantial reduction in AML blast counts.64

RAS proteins are a group of signaling molecules
downstream of many tyrosine kinase receptors which,
following receipt of a signal, activate a broad range of
proteins involved in cell proliferation and survival
including the MAP/ERK kinase involved in cell prolifer-
ation, Rac and Rho, which affect cytoskeletal organiza-
tion, and PI-3 kinase, which opposes apoptosis.
Mutations in RAS are found in 15–20% of AML cases,
most commonly in N-RAS.65 RAS proteins are internally
synthesized as cytosol precursors and require the addi-
tion of a farnesyl group to attach to the cell membrane
and transmit signals. Therefore, there was a great inter-
est in exploring farnesyltransferase inhibitors in AML,
particularly in those cases with RAS mutations. The most
encouraging data to date have been with R115777. In an
initial dose-escalation study, central nervous system tox-
icity was found to be dose limiting at 1200 mg b.i.d. Two
complete responses and eight partial responses were
seen among 35 patients with recurrent myeloid malig-

nancies.66 Recent data suggest a higher degree of activity
when used in previously untreated patients. Several
other farnesyltransferase inhibitors are under study.

Histones are proteins closely associated with chro-
matin which, in the unacetylated state, anchor the
associated chromatin and repress local transcription
but, when acetylated, become less anchored to chro-
matin allowing the structure to relax, unwind, and
permit transcription. In certain AMLs, including
t(8;21) and t(15;17), the abnormal fusion product
resulting from the translocation is thought to bind to
its normal promoter target, but also bind the tran-
scriptional repressor complex that includes a histone
deacetylase, resulting in deacetylation of the region
and thus repression of gene transcription.67 The repres-
sion of these genes may inhibit cell maturation, differ-
entiation, and apoptosis and thus may be important in
the leukemic process. On this basis, molecules that
inhibit histone deacetylases are being studied as
antileukemic agents, including phenylbutyrate, tri-
chostatin, trapoxin, and depsipeptide.68

New therapies targeting adaptive responses
The mutational events that give rise to AML may
require the cell to make other adaptive changes in
order to survive, particularly when stressed. Since
these adaptive changes are not required of normal
cells, inhibiting them may result in specific damage or
death to AML cells and may specifically sensitize
leukemic cells to conventional chemotherapy. One
example of such an adaptive change is Bcl-2, the anti-
apoptotic gene that is overexpressed in almost all AML
samples, and whose expression is further increased fol-
lowing exposure to chemotherapy.69,70 An antisense
Bcl-2 compound can sensitize AML cells to cytarabine
in vitro, providing a strong rationale for ongoing clin-
ical trials combining Bcl-2 antisense with chemother-
apy in patients with recurrent AML.71

Following exposure to cell-damaging agents, AML
blasts markedly increase their cholesterol content, and
do so to a much greater degree than do normal bone
marrow progenitors. Blocking cholesterol synthesis
using mevastatin or zaragozic acid specifically sensi-
tizes most AML cell lines and patient AML samples
without a discernible effect on normal hematopoietic
progenitors.72 Dimitroulakos et al. and Wong et al.
showed that lovastatin, another inhibitor of de novo
cholesterol synthesis, killed six of seven AML cell lines
and 13 of 22 primary AML cell cultures.73,74 Based on
these results, current trials are under way, testing com-
binations of standard chemotherapy combined with
increasing doses of statins.

New immunotherapeutic approaches
Both antibody- and cell-based immunotherapeutic
approaches are being explored in AML. As noted ear-
lier, gemtuzumab ozogamicin, an anti-CD33 anti-
body calicheamicin conjugate, has been approved for
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treatment of older patients with recurrent AML.
Phase II trials of gemtuzumab plus standard
chemotherapy for initial treatment of AML have
yielded encouraging results, with CR rates in excess of
80%.75,76 Based on these results, randomized trials are
under way, evaluating this approach as initial AML
treatment.

Antibodies have also been employed to target radionu-
clides to the marrow and other sites of disease as part of
a transplant preparative regimen. The hypothesis being
tested is that by targeting higher doses of radiation to
these sites and avoiding normal organs, it should be pos-
sible to provide greater antileukemic effects with less
toxicity than achievable with TBI. Phase II trials using
anti-CD45 monoclonal antibody labeled with131I have
yielded encouraging results, as have studies of an anti-
CD66 antibody labeled with 88Re.77,78 A particularly
attractive approach under study is the development of
an allogeneic transplant regimen combining high-
dose targeted radiotherapy for tumor ablation with
low-dose fludarabine/TBI to ensure engraftment.

The markedly reduced relapse rates seen with the
development of GVHD following allogeneic transplan-
tation coupled with the dramatic tumor responses
sometimes seen with DI have fueled interest in the fur-
ther development of cell- based therapies for AML. The
central scientific challenge has been to discover meth-
ods to segregate the potentially potent GVT effects
from GVHD. Several broad groups of antigens are
under study as possible targets capable of this distinc-
tion. One set of targets is polymorphic minor histo-
compatibility antigens, with expression largely limited
to hematopoietic tissues. In the setting of allogeneic
transplantation, such antigens could serve as targets
for donor-derived T-cell clones capable of destroying
all normal and malignant host hematopoietic tissue
without contributing to GVHD. A number of polymor-
phic minor histocompatability antigens with expres-
sion limited to hematopoietic tissue have been identi-
fied by the groups in Seattle and Leiden, and clinical

studies involving the use of T-cell clones targeting
these antigens are under way.79,80

While elegant, the use of T-cell clones targeting
minor histocompatability antigens is necessarily
restricted to the allogeneic transplant setting. Several
classes of nonallogeneic antigens also have the
potential capacity to serve as effective targets for T-
cell therapy. Mutational antigens, such as the fusion
product proteins found in leukemias with t(9;22),
t(15;17), or t(6;9), could theoretically serve as spe-
cific targets for a cellular immune response. Attempts
are being made to elicit antitumor responses to sev-
eral of these antigens by immunizing patients with
vaccines based on these mutant peptides.81 Perhaps
the greatest potential for cell-based therapies comes
from the observation that several nonmutated pro-
teins are highly overexpressed in AML cells, including
PR3 and WT1.82,83 Despite that these are self-antigens,
because they are normally expressed at such low lev-
els, patients are capable of generating a T-cell response
to these proteins. Encouragingly, T cells with speci-
ficity to these antigens are able to selectively lyse
leukemic blasts without damaging normal CD34-pos-
itive hematopoietic cells. Based on these observations,
clinical trials involving the adoptive transfer of T cells
specific for these antigens are under way, as are trials
using these antigens as the basis for AML vaccines.

SUMMARY

Treatment of the patient with relapsed or refractory
AML continues to be a difficult challenge. At the same
time, the enormous increase in our understanding of
the molecular and immunologic nature of leukemia is
beginning to pay dividends in the recent availability of
a large number of novel therapies with clear activity in
AML. It is now our responsibility as scientists and clin-
icians to learn how to best use these therapies to bene-
fit our patients.
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10Chapter 10
EPIDEMIOLOGY, RISK 
FACTORS, AND CLASSIFICATION
Joseph O. Moore

2Section 2
ACUTE LYMPHOBLASTIC
LEUKEMIA

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is a complex and
potentially curable hematopoietic cancer that has pro-
vided numerous significant firsts in the treatment of
malignant disease for children and adults alike.
Historically, ALL in children was the first tumor whose
treatment attained complete remission in the majority
of patients, leading to long-term disease-free survival
and cure with combination chemotherapy. In child-
hood, modern combined modality treatment produces
complete response rates of up to 95% and cure rates of
up to 64%. In contrast, adults have fared less well, with
comparable remission rates up to 93%, but cure rates of
30% or lower in most reported series.1–4 Reasons for
this disparity are likely multifactorial and have been
thought to include physician experience and expertise,
more rigid adherence to protocols by pediatric oncolo-
gists, and different biology of the leukemia in children
and adults. Other differences may occur in the presen-
tation of disease, both physically and symptomatically,
and in patients’ tolerance to aggressive protocol-based
treatment, with children more able than adults to fol-
low and remain on an appropriately aggressive proto-
col. As described below, perhaps more importance lies
in more favorable genomic abnormalities in child-
hood, while in adults very poor prognostic groups,
including those expressing the t(9;22) Philadelphia
chromosome, occur in almost half of patients.2

ALL treatment has influenced all aspects of cancer
care. Current success has evolved incrementally, from
single-agent chemotherapy to multiple drug combina-
tions and the addition of biologic agents into complex,
combined modality therapy. More recently, specific
chromosome abnormalities and their associated onco-
genes, proto-oncogenes, and signaling pathways have
assumed enhanced importance in understanding the
biology and treatment of ALL. For example, recogni-
tion of the t(9;22) and its balanced exchange of genetic
material between bcr (the breakpoint combining
region) and the Abelson oncogene (c-abl) leads to con-
stitutive activation of the associated tyrosine kinase,
producing unregulated cell proliferation. This high-
lights the interaction of genomics and biology, as well
as introduces targeted therapy, with the introduction of
the specific bcr/abl kinase inhibitor imatinib mesylate.5

Additionally, abnormalities of the MLL gene and its
associated t(4;11) chromosome abnormalities are a pre-
dictor of short-duration or low-frequency complete
remissions, early relapse, and poor disease-free survival.
Documentation of poor overall prognosis has led to a
change in therapy for these patients and their early
allocation to more aggressive treatment with stem cell
transplantation,3 rather than continuing with more
conventional ALL therapy even if complete remission
is initially accomplished.4

The essential need to identify specific chromosome
translocations has also enhanced the importance of
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diagnostic tools for the identification of these abnor-
malities rapid and reliable. These include standard
cytogenetics, the more targeted fluorescent in situ
hybridization (FISH) techniques [Figure 10.1(a) and
10.1(b)], and reverse transcription polymerase chain
reaction (RT-PCR), each of which may identify specific
chromosome abnormalities, and aid in diagnosis,
monitoring of therapeutic response, and identification
of minimal residual disease, as further discussed in
Chapter 14.6–9 With both FISH and RT-PCR, it is of crit-
ical importance to identify the specific chromosome
abnormality or translocation to assure specificity and
accuracy of diagnosis and accurate quantitation of the
proportion of cells affected.

Current treatment strategies for ALL illustrate pro-
gressive and incremental protocol development from
single institutions and cooperative group programs,
resulting in improved complete response and survival.
Numerous groups have contributed, including the
Pediatric Oncology Group,10 the French Cooperative
Group,11 the Cancer and Acute Leukemia Group B,12–15

the Berlin–Frankfurt–Munster Group,16–19 the
Italian Gruppo Italiano Malaittie Ematologiche
Maligne dell’Adulto,20 the French Leucemie Aigues
Lymphoblastique de l’Adulte Group,  individual insti-
tutions such as St Jude’s Children’s Hospital,10

Memorial Sloan-Kettering Cancer Center,21,22 and MD
Anderson Cancer Center,23 and other more individual-
ized programs,24 to name but a few. These protocols are
described in greater detail in Chapter 13.

Current strategies also illustrate the conceptual
importance of sanctuary sites of disease, areas where
ALL cells may be protected from destruction by sys-
temic chemotherapy and that require specialized pro-
phylactic treatment targeted to the central nervous
system, such as intrathecal chemotherapy delivered by
lumbar puncture or an indwelling cerebrospinal access
device, or radiation therapy, as might be applied to

other sanctuaries in the testicle and the mediastinum.
Preventive treatment of these sanctuaries has had a
major positive effect on cure and long-term survival in
both children and adults.4,16,25

EPIDEMIOLOGY

The specific cause of ALL is unknown in most patients,
and specific epidemiologic associations can be identi-
fied in no more than 10% of childhood ALL and in a
much lower proportion of adults.26,27 An extensive
review of ALL in children by Buffler et al. details poten-
tial occupational exposures in parents of patients, and
exposures to aromatic hydrocarbons and household
chemicals and pesticides, ionizing radiation, low-fre-
quency magnetic fields, diet, infections, and genetic
polymorphisms.26 Numerous potential predisposing
features studied or established include positive associ-
ations with the specific genetic syndromes noted
below, high birth weight,28 ethnicity,29 and a paradox-
ically negative relation with maternal smoking.30

While extensively investigated, none of these factors
offer potent predictive value for improved diagnosis
and increased survival other than the increased risk of
leukemia in some hereditary and genetic syndromes
(see below). In adults, even fewer associations are
apparent; genetic features play a negligible role in dis-
ease behavior and in defining and predicting progno-
sis. The following includes some genomic and other
associations in children and adults.

GENETIC MUTATION

Genetic mutation plays a pivotal role in the etiology
of ALL in children born with Down syndrome with
the associated trisomy 21 chromosome abnormality.
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Figure 10.1 FISH techniques: (a) A BCR/ABL dual fusion probe set applied to interphase nuclei. Nucleus at left shows two
normal signals for the BCR locus at 22q11.2 (green) and two normal signals for the ABL locus at 9q34 (red). Nucleus at
right shows one normal BCR locus (green), one normal ABL locus (red), and two fusion signals (arrows) with juxtaposition
of red and green signals, reflecting the rearranged chromosomes 9 and 22. (b) It shows an MLL break apart probe set
applied to interphase nuclei. In this probe set, the 5’ region flanking MLL is labeled in green and the 3’ region flanking MLL
is labeled in red. Nucleus at left shows two fusion signals, reflecting the normal (unrearranged) MLL loci at 11q23. Nucleus
at right shows one normal (unrearranged) MLL locus. The separation of the green (5’ MLL) and red (3’ MLL) signals
(arrows) shows that rearrangement of this locus has occurred



Alteration and activation of the GATA-1 hematopoi-
etic transcription factor increases the risk for develop-
ment of ALL and increases the incidence of acute
megakaryocytic leukemia as well.31–35 That hemato-
logic malignancies representing different cell lines
may become malignant suggests that multiple signal-
ing pathways may be affected by this and other chro-
mosome abnormalities.36 Of interest, the more detri-
mental chromosome abnormalities, t(9;22) and
t(4;11), occur infrequently in Down syndrome.33–35

Favorable abnormalities of the TEL/AML1 fusion,
denoted by the t(12;21) translocation, are also less fre-
quent in Down syndrome. 

ALL may also arise in the setting of the Li–Fraumeni
syndrome, with associated abnormalities of p53,
Bloom syndrome, and others predisposing to ALL and
to multiple other cancers.36

IN UTERO EVENTS
Toxic exposure in utero to maternal Epstein–Barr virus
(EBV) reactivation or other viral entities such as
cytomegalovirus and herpes simplex virus has been pro-
posed as a causative factor in some infants and children
with ALL.37 These mutations are not believed to lead
directly to ALL, but their effect in delaying cell matura-
tion may allow more genetic abnormalities to occur.10

Monozygotic twins carry a small but definite increased
risk of concordant ALL. The potential for in utero events
leading to postpartum ALL was highlighted in a report of
two year-old monozygotic twins, both with ALL, in
whom one had two rearranged T-cell receptor � alleles
that were proposed to have occurred in utero, with the
transmission of a single allele to the other twin, resulting
in ALL.38 Though these changes were considered critical,
other abnormalities or mutations are thought to be nec-
essary to produce ALL in vivo. This suggests that muta-
tions produced in utero may combine with other muta-
tions, leading to leukemia.32

RADIATION EXPOSURE
ALLs occur less frequently following radiation expo-
sure than do acute myeloid leukemias (AML), chronic
myeloid leukemia (CML), or myelodysplastic syn-
dromes. The incidence of ALL is modestly increased in
populations exposed to ionizing radiation from an
atomic bomb,26,39 and cases are most prevalent among
younger survivors.40 As a general rule, most other
forms of radiation may produce an excess of leukemia,
again mostly of myeloid origin rather than lymphoid.
No study has documented an increase in ALL associ-
ated with radiation from diagnostic radiographic pro-
cedures.26

TOXIC EXPOSURE
ALL is not increased by exposure to alkylating agents
and epipodophyllotoxins,41 and is not usually consid-
ered to be a “secondary” leukemia. 

GENE THERAPY
Gene therapy for X-linked severe combined immun-
odeficiency syndrome (X-SCID) has led to activation
of the LMO2 gene.42,43 Two of ten patients who
received retrovirus vector-mediated gene transfer for
X-SCID developed T-cell ALL. This was caused by
insertion of the retroviral vector with LMO2 gene
activation, leading to leukemic transformation. In
normal hematopoiesis, CD34-positive cells may
develop into all hematopoietic cell lines. In the lym-
phoid series, these may differentiate into either B
cells or T cells. Ex vivo infection of hematopoietic
stem cells by the retrovirus encoding IL2 R gamma c
is followed by reinfusion, and it results in activated
chromosome translocations with LMO2, including
t(ll;14)(p13;q11), or t(7;11)(q35;p13). This represents
a classic activation of signaling pathways by
the retrovirus-transformed cells leading to T-cell
ALL.42–44

In adults with ALL, abnormalities of cell cycle reg-
ulatory genes are frequently present and may be
determinants in leukemogenesis. These include the
retinoblastoma gene (Rb), p53, p15 (INK4B), and p16
(INK4A).45 Pui has detailed and elucidated the initial
abnormalities, chromosome aberrations, and their cell
signaling consequences in a comprehensive review of
ALL, with detailed genomic pathways.10,33

RISK FACTORS

Risk factors, further detailed in subsequent chapters,
are a part of the epidemiology of ALL, both with
regard to initial factors leading to ALL and factors
associated with success or failure of treatment. ALL
may occur at any age, but is most frequent in child-
hood (before age 15), with a consistent incidence in
the third to eighth decades of life.46 In adults, family
history and a history of immunologic abnormalities
are usually not present. Family history of lymphoma
may be present without a definite association being
drawn.27,40

Risk factors for ALL include Caucasian race as com-
pared to African-American or other ethnic groups in
the United States. Rates of ALL are also higher in
Northern and Western Europe, North America, and
Oceania versus in Asian and black populations.40 In
Israel, Jews have a higher incidence of leukemias, but
paradoxically lower rates of ALL.46

Exposure to human T-cell leukemia virus 1 may pro-
duce a T-cell leukemia presenting with hypercalcemia,
bone or skin lesions, lymph node enlargement, which
occur in several ethnic populations, such as Japanese
from the island of Kyushu and U.S. immigrants from
the Caribbean. An initial, more indolent T-cell
leukemia may evolve to a very aggressive T-ALL that is
treated with great difficulty and responds poorly, with
little chance of survival.44 ALL can also occur as a 
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blastic transformation of CML, and in this setting it is
always associated with a t(9;22). 

CLASSIFICATION

The classification of ALL has followed the historical
evolution of technology, with cellular morphology by
microscopic appearance, immunophenotyping of cell
surface markers, lymphocyte subset analysis, and more
recently, chromosome evaluation and genomic identi-
fication.

Leukemia was first identified and described by
Virchow as weisses blut (white blood) due to hyper-
leukocytosis (elevated white blood cell count), and
was further categorized initially using supravital
stains of peripheral blood.47 Subsequent identifica-
tion of leukemias by cell origin, required separation
into groups of myeloid and lymphoid leukemias.
Additionally, the identification of acute and chronic
varieties of each required more sophisticated tech-
niques of special enzymatic stains, leading to the evo-
lution of our current skills in morphology, cell surface
identifications, genomics, and biology as incorpo-
rated in the current World Health Organization
(WHO) classification.48

MORPHOLOGIC CLASSIFICATION
The French–American–British (FAB) classification sys-
tem separated AML and ALL based on the visual
microscopic appearance of blast forms in peripheral
blood and bone marrow, as well as on the activity of
selected special enzymatic stains, such as peroxidase,
specific and nonspecific esterase, and periodic
acid–Schiff for glycogen.49 Morphologic classification
with the FAB system separates three forms of ALL. ALL
includes50:

L1—Small lymphocytic variant with uniform small cells
having a more “mature” appearance (Figure 10.2).

L2—Variable cell size with large and small cells in the
same sample (Figure 10.3). In adults, this variant
has a poorer prognosis compared with L1 ALL based
on the more frequent presence of the Philadelphia
chromosome p190 variant (rather than p210, as
with CML), with similar response rates but more
rapid relapse and diminished long-term sur-
vival.18,33,48

L3—Burkitt lymphoma/leukemia, with small uniform
lymphoid blasts characterized by vacuolated cyto-
plasm containing glycogen, and frequent mitotic
figures denoting rapid growth (Figure 10.4).

Although classified as a form of ALL, the L3 (Burkitt)
variant differs in many respects from other forms of
ALL. L3 ALL presents in developed countries as an
aggressive disease, often with intra-abdominal lymph
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Figure 10.2 L1—uniform small peripheral lymphoid
blasts with minimal to moderate cytoplasm, effaced chro-
matin, and occasional to more numerous nucleoli

Figure 10.3 L2—variable-sized peripheral blood lym-
phoblasts with variable chromatin pattern and more fre-
quent nucleoli

Figure 10.4 L3—Burkitt leukemia in bone marrow with
uniform blast forms, cytoplasmic vacuoles, and increased
mitoses



node enlargement and a high growth fraction, in con-
trast to its African variant, which is associated with
EBV and usually presents in a more indolent manner,
often as a jaw mass (lumpy jaw), and responds to more
modest treatment.51 The non-African variant is treated
with hyperfractionated alkylating agents and cycle-
active treatment rather than with conventional ALL
protocols, which produce inferior results.23,52 Several
unique chromosome translocations include the typical
t(8;14) involving the immunoglobulin gene IgH (on
chromosome 14, a site frequently involved with a
variety of malignant lymphomas and leukemias of
lymphoid origin) and the c-myc proto-oncogene.
Less usual variant translocations t(2;8) and t(8;12) are
also seen in morphologically typical Burkitt-type
leukemia.53

Demonstration of these abnormalities may not be
readily apparent by conventional cytogenetics, FISH or
even RT-PCR may be required to identify the exact
chromosome abnormality and establish cellular ori-
gin when morphology suggests Burkitt leukemia or
another abnormality, but is not demonstrated by ini-
tial chromosome analysis.6–10

B- AND T-CELL LINEAGE
More recently, classification of ALL has been based on
B- and T-cell lineage.54 More than 80% of cases of ALL
in adults are of B-cell lineage, with 10–15% arising
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Table 10.1 Estimated frequency of specific genotypes of
ALL in children and adults

ALL genotype Children Adults
(%) (%)

Hyperdiploidy �50 25 7
chromosomes

TEL/AML1 t(12;21) 22 2

MLL rearrangements 
[e.g., t(4;11), t(11;19), 
t(9:11)] 8 10

TAL1 lp32 7 12

E2A/PBX1 t(1;19) 5 3

BCR/ABL t(9;22) 3 25

HOX11L2 5q35 2.5 1

MYC t(8;14), t(2;8), 
t(8,22) 2 4

LYL1 19p13 1.5 2.5

Hypodiploidy
�45 chromosomes 1 2

HOX11 10q24 0.7 8

MLL/ENL 0.3 0.5

Others 22 23

Genetic lesions that are exclusively seen in cases of T-cell lineage
leukemias are shaded in gray. All other genetic subtypes are either
exclusively or primarily seen in cases of B-cell lineage ALL.

Adapted from data presented in Pui CH, Relling MV, Downing JR:
Acute lymphoblastic leukemia. N Engl J Med 350:1535–1548,
2004.

HTLV1+, human T-cell leukemia virus; MALT, mucosa-associ-
ated lymphoid tissue; NK, natural killer. 
aB- and T-/NK-cell neoplasms are grouped according to
major clinical presentations (predominantly
disseminated/leukemic, primary extranodal, and predomi-
nantly nodal).

Adapted from Harris NL, Jaffe ES, Diebold J, et al.: World
Health Organization classification of neoplastic diseases of
the hematopoietic and lymphoid tissues: report of the
Clinical Advisory Committee Meeting–Airlie House, Virginia,
November 1997. J Clin Oncol 17:3835–3849, 1999.

Table 10.2 Proposed WHO classification of lymphoid
neoplasms

B-cell neoplasms
Precursor B-cell neoplasm

Precursor B-lymphoblastic leukemia/lymphoma
(precursor B-cell acute lymphoblastic leukemia)

Mature (peripheral) B-cell neoplasmsa

B-cell chronic lymphocytic leukemia/small lymphocytic
lymphoma
B-cell prolymphocytic leukemia
Lymphoplasmacytic lymphoma
Splenic marginal zone B-cell lymphoma (�/� villous
lymphocytes)
Hairy cell leukemia
Plasma cell myeloma/plasmacytoma
Extranodal marginal zone B-cell lymphoma of MALT type
Nodal marginal zone B-cell lymphoma (�/� monocy-
toid B cells)
Follicular lymphoma
Mantle-cell lymphoma
Diffuse large B-cell lymphoma
Mediastinal large B-cell lymphoma
Primary effusion lymphoma
Burkitt lymphoma/Burkitt-cell leukemia

T-cell and NK-cell neoplasms
Precursor T-cell neoplasm

Precursor T-lymphoblastic lymphoma/leukemia
(precursor T-cell ALL)

Mature (peripheral) T-cell neoplasmsa

T-cell prolymphocytic leukemia
T-cell granular lymphocytic leukemia
Aggressive NK-cell leukemia
Adult T-cell lymphoma/leukemia (HTLV1+)
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-type T-cell lymphoma
Hepatosplenic gamma-delta T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides/Sezary syndrome
Anaplastic large-cell lymphoma, T/null cell, primary
cutaneous type
Peripheral T-cell lymphoma, not otherwise characterized
Angioimmunoblastic T-cell lymphoma
Anaplastic large-cell lymphoma, T/null cell, primary sys-
temic type



from T cells.18,54,55 While protocol chemotherapy and
overall treatment usually follow similar pathways,
prognosis may be dictated by these subsets and their
individual responses to treatment or propensity for
relapse.10,33

As the B- and T-cell classifications have evolved,
these classifications have now been subdivided into
diagnostic groups based on immunophenotypic groups
extended to specific genetic mutations, and genomics.
Treatment planning follows subset or subgroup analy-
sis, including T-cell and mature B-cell ALL, pre-B ALL,
and ALL with associated bcr/abl translocation t(9;22), or
other detrimental abnormalities demonstrated. These
differences in intensity of treatment and various ver-
sions of protocols will be considered in Chapter 13.4,10

Prognosis can now be related to specific subsets based
on chromosome mutation and cell signaling pathways;
the best examples of these cases, once again, are t(9;22)
and t(4;11) as unfavorable predictors, while others may
predict a more favorable response and prognosis.10

MORPHOLOGY, IMMUNOPHENOTYPE, AND
CYTOGENETICS
Classifications based on morphology, immunopheno-
type, and cytogenetics (MIC) have further defined sub-
sets of disease based on these parameters for ALL (MIC)
and AML (MIC-M), and employ defined subsets of anti-
bodies to delineate diagnostic groups.56–58 Differences
in B- and T-cell incidence in children and adults respec-
tively are detailed in an elegant manner by Pui (Table
10.1). These also relate B- and T-cell lineage to specific
subsets of chromosome abnormalities and their inci-
dence by comparison in children and adults. 

WHO CLASSIFICATION
The WHO classification melds morphologic, immunophe-
notypic, genetic, and clinical characteristics to form a
coherent and current classification separating Hodgkin’s
disease from the non-Hodgkin’s lymphomas and differ-
entiating B-cell neoplasms from those of T- and NK 
(natural killer)-cell origin (Table 10.2). Precursor B- and
precursor T-cell leukemias encompass the multiple sub-
sets of ALLs, considered in more detail in the subsequent
chapters.59 An obvious short coming of the WHO system
is that its classification does not speak to individual sub-
sets, which may and should require individualization of
treatment. Ongoing studies detailing the diagnostic
groups above, and studies in animal models such as the
zebra fish, will likely supplant current classification sys-
tems by defining causative signaling pathways and sub-
sets of disease. These will enhance current prospects for
genome-based targeted therapy, such as with the addi-
tion of imatinib mesylate to the treatment of bcr/abl-pos-
itive ALL, and will lead to more targeted and effective
therapy for individual disease subsets in the future.

SUMMARY

ALL was the first acute leukemia to achieve complete
remission, leading to cure in a large proportion of
patients, initially in childhood and more recently
extending to all age groups. All aspects of leukemia epi-
demiology, classification, and biology, and more
recently, understanding of genomic abnormalities and
mechanisms of leukemogenesis, have been advanced by
work with ALL and extended to other malignant tumors.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is characterized
by distinctive morphologic, immunophenotypic, cyto-
genetic, and molecular genetic features, some of which
have important clinical implications for both diagnosis
and predicting response to specific treatment regi-
mens, while the role of others is yet to be defined. This
chapter focuses on the cytogenetic and molecular
aberrations in ALL. Pathologic and immunopheno-
typic information is provided where it is clearly associ-
ated with the cytogenetic and/or molecular aberration.

MORPHOLOGY

Until recently, ALL was classified based on morphol-
ogy and cytochemistry according to the French–
American–British (FAB) schema, which includes three
major subtypes: L1, L2, and L3.1 However, recent studies
have failed to show prognostic significance of the L1 and
L2 categories, and their designation has not had a high
reproducibility rate among morphologists. Based on
these findings, and as a result of improved understand-
ing of the biology of these disorders, the 2001 World
Health Organization (WHO) classification considers ALL
as a form of lymphoma with a distinctive presentation.
Initial classification is based on immunophenotype, and
according to FAB, cases considered L1 and L2 are classi-
fied under precursor B- and T-cell neoplasms as precursor
B-lymphoblastic leukemia/lymphoma and precursor
T-lymphoblastic leukemia/lymphoma.2 In addition to
immunophenotype, the WHO classification incorpo-
rates molecular, cytogenetic, morphologic, and clinical
features in defining disease entities, as described by the
WHO Advisory Committee.2 Table 11.1 shows a com-
parison between the two classifications. 

In the WHO classification, FAB L3 is classified as one
of the mature B-cell neoplasms and is designated Burkitt
lymphoma/leukemia. It remains a separate entity char-

acterized by its morphologic, immunophenotypic, cyto-
genetic, molecular, and clinical features. The blasts are
characteristically medium in size, with dispersed chro-
matin, multiple nucleoli, and a moderate amount of
deep blue cytoplasm with vacuoles. The classic “starry
sky” description is derived from the presence of light-
colored macrophages (stars) interspersed among sheets
of dark blue blasts (sky). Oil red staining can be used to
highlight the vacuoles in Burkitt-cell leukemia blasts. 

CYTOGENETIC ABERRATIONS

Cytogenetic aberrations can be structural, e.g., recipro-
cal and unbalanced translocations, deletions, dicentric
chromosomes or inversions, or numerical, e.g., gain of
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Table 11.1 Comparison of the FAB and WHO 
classifications of ALL

FAB classification WHO classificationa

�30% blasts �20% blastsb

L1/L2 (morphology Precursor B-cell ALL (cytogenetic
subgroups) subgroups)

t(9;22)(q34;q11.2) BCR/ABL
t(V;11)(V;q23) MLL rearrangedc

t(1;19)(q23;p13.3) E2A/PBX1
t(12;21)(p13;q22)
ETV6/RUNX1. (TEL/AML1)
Hypodiploid
Hyperdiploid �50 chromosomes
Precursor T-cell ALL (cytogenetic
subgroups)
t(V;14)(V;q11-13)

L3 Burkitt-cell leukemia

aIn the WHO classification, ALL and lymphoblastic lymphoma
are regarded as a single entity with different clinical presenta-
tions.
bA disease with less than 20% blasts is defined as lym-
phoblastic lymphoma.
c“V” denotes various partner chromosomes and breakpoints.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



a whole chromosome (trisomy) or loss of a whole chro-
mosome (monosomy). In many instances, molecular
dissection of structural chromosomal abnormalities,
especially reciprocal translocations, has identified spe-
cific genes associated with leukemogenesis. The most
common structural cytogenetic aberrations and their
affected genes in adult ALL are shown in Table 11.2
arranged according to their frequency. 

STRUCTURAL ABERRATIONS
t(9;22)(q34;q11.2)
The t(9;22)(q34;q11.2) is the single most frequent chro-
mosomal abnormality in adult ALL, being detected in
11–34% of patients, and is associated with an unfavor-
able prognosis.3–11 It rarely occurs in therapy-related
ALL.12 The reciprocal translocation between chromo-
somes 9 and 22 results in the head-to-tail fusion of vari-
able numbers of 5’ breakpoint cluster region (BCR)
exons on chromosome band 22q11.2 with the exon 2
of the ABL gene (named after the Abelson murine
leukemia virus), located on chromosome band 9q34.13

The protein product of the fusion gene resulting from
the t(9;22) plays a central role in the development of
this form of ALL. Two main types of fusion proteins,
p190BCR/ABL and p210BCR/ABL, each containing NH2-ter-
minal domains of BCR and COOH-terminal domains
of ABL, are produced, depending on the location of
the breakpoint within the BCR gene. The p190BCR/ABL

product contains the first exon of BCR and occurs in
50–78% of the ALL cases with t(9;22).14–17 The
p210BCR/ABL product contains either exon 13 or exon
14 of BCR and is less frequent in ALL. However,
p190BCR/ABL transcripts are frequently detected at a low
level in p210BCR/ABL-positive ALL.18 Clinically, there is
no clear distinction between the two molecular vari-
ants of the disease,19–21 except for one report showing
that the p210BCR/ABL product is associated with older
age patient22 and another report demonstrating a
higher risk of relapse in p190BCR/ABL ALL following
allogeneic transplantation.23 Of interest, imatinib-

containing treatment has not revealed any outcome
difference between the two disease types.

Secondary chromosomal aberrations accompanying
t(9;22) occur in 41–86% of adult ALL patients.20,21,24–27

The most common additional aberrations in a Cancer
and Leukemia Group B series27 were, in order of
decreasing frequency, �der(22)t(9;22), 9p rearrange-
ments, high hyperdiploidy (�50 chromosomes), �8,
and �7. In this study, the presence of �der(22)t(9;22)
was associated with a higher cumulative incidence of
relapse, while the presence of �7 as a sole secondary
abnormality was associated with a lower complete
remission rate.27

At the molecular level, BCR/ABL has recently been
shown to activate the Src kinases Lyn, Hck, and Fgr in
ALL cells.28 These kinases are less frequently activated
in CML, suggesting a unique downstream signaling
pathway in BCR/ABL-positive ALL. Further, applica-
tion of DNA microarray gene expression profiling has
revealed that BCR/ABL-positive pediatric ALL is charac-
terized by gene expression profiles distinct from other
prognostically relevant leukemia subtypes. These
results were recently partially confirmed and validated
in samples from adult ALL patients. Finally, mutations
at the ABL kinase domain are frequent and are associ-
ated with resistance to imatinib.29

The cells of almost all newly diagnosed patients
with t(9;22) have a pre-B-cell immunophenotype4,6,14;
additionally, expression of CD1014,29 and of myeloid
markers14 is more prevalent in patients with this
translocation than in other adult ALL patients. There is
some preponderance of FAB L1 over L2 morphology.6

dic(9;12), dic(9;20), and del(9p)
Structural aberrations involving the short arm of chro-
mosome 9 occur in 5–15% of adult ALL patients.6,7,9,10

They include dicentric chromosomes: dic(9;12)(p11-
13;p11-13) and dic(9;20)(p11;q11), as well as deletions
of 9p. Both dicentric chromosomes are associated with
a favorable clinical outcome. 
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Table 11.2 Most frequent cytogenetic aberrations in adult ALL and their 
corresponding genes

Cytogenetic aberration Genes involveda Frequency (%)

t(9;22)(q34;q11.2) BCR/ABL 11–34
del(9p) CDKN2A and CDKN2B 5–15
t(4;11)(q21;q23) MLL/AF4 3–7
del(12p) or t(12p) ETV6 4–5
t(14;V)(q11;V)b TCRA and TCRD 4–6
t(14;V)(q32;V)b IGH, BCL11A, TCL-1B, and CL11B 5

del(6q) ? 2–6
t(1;19)(q23;p13.3) E2A/PBX1 3
t(8;14)(q24;q32) MYC/IGH 1–2
t(2;8)(p12;q24) MYC/IGK
t(8;22)(q24;q11) MYC/IGL

aPlease refer to text for abbreviations and references for the percentages.
b“V” denotes various partner chromosomes and breakpoints.



Other anomalies of 9p, mainly del(9p), are most
often associated with the presence of additional clonal
aberrations (in up to 90% of patients); in almost one-
third of the cases, the additional abnormalities include
t(9;22).10 These data suggest that del(9p) likely repre-
sents a secondary cytogenetic abnormality.

11q23 aberrations
Chromosome band 11q23 harbors the mixed lineage
leukemia gene (MLL, also known as ALL-1, HTRX, or
HRX),30 which encodes a putative transcriptional regu-
lator. MLL is involved in reciprocal translocations with
many partner genes, localized on different chromo-
somes, both in ALL and in acute myeloid leukemia
(AML).31 While the MLL gene can be amplified in a sub-
set of AML patients, its amplification is rare in ALL.32

The distribution of 11q23/MLL translocation partners
differs between ALL and AML, with t(4;11)(q21;q23)
being by far the most frequent 11q23 translocation in
ALL (see below). The partial tandem duplication of
MLL, described in AML,33 has not been detected in ALL.
11q23/MLL translocations have been described in both
de novo and therapy-related disease.34

ALL with MLL rearrangements also has a unique gene
expression profile.35 Specifically, some HOX (home-
obox) genes are expressed at higher levels in MLL-posi-
tive ALL than in MLL-negative ALL.36 Furthermore,
gene expression profiles predictive of relapse were
recently identified in pediatric MLL-positive ALL in one
study,37 although they did not reach statistical signifi-
cance in another. Further work in this area is on going. 

t(4;11)(q21;q23) The t(4;11)(q21;q23) is the most fre-
quent chromosomal rearrangement involving the MLL
gene in adult ALL, being detected in 3–7% of ALL
patients, and is associated with an unfavorable out-
come.3–7,9,10 It results in two reciprocal fusion products
coding for chimeric proteins derived from MLL and
from a serine/proline-rich protein encoded by the AF4
(ALL1 fused gene from chromosome 4) gene.38

Griesinger et al. have demonstrated the presence of
MLL/AF4 fusion gene in adult ALL patients without
cytogenetically detectable t(4;11). Another study ana-
lyzed the clinical significance of the MLL/AF4 fusion
gene detected molecularly in the absence of karyotypic
evidence of t(4;11), and established that patients
whose blasts were MLL/AF4 positive and lacked a
t(4;11) had outcomes similar to patients without
MLL/AF4. This study suggests that additional treat-
ment is not needed for patients whose blasts are
MLL/AF4 positive but t(4;11) negative.

Secondary cytogenetic aberrations in addition to
t(4;11) are found in approximately 40% of patients.6,39,40

The most common additional changes were i(7)(q10)
and �6 in one series39 and �X, i(7)(q10), and �8 in
another.40 With treatment carried out according to risk-
adapted therapy, no difference in outcome was observed
between patients with and without clonal chromosomal

aberrations in addition to t(4;11) at diagnosis,40

although this series was relatively small.

Other balanced translocations involving 11q23 Other
recurrent, albeit rare in ALL, translocations involving
MLL include t(6;11)(q27;q23), t(9;11) (p22;q23),
t(10;11)(p12;q23), and t(11;19) (q23;p13.3).41 The
respective fusion partners of the MLL gene are AF6,
AF9, AF10, and ENL (eleven-nineteen leukemia). Other
less common MLL partners have also been described.42

Almost all patients with 11q23 translocations have
a CD10-negative and CD19-positive B-cell precursor
ALL (pre-pre-B ALL).43 Coexpression of myeloid anti-
gens is well recognized. In one series, 21 of 24 patients
with CD10�/CD19�/CD15� immunophenotype had
t(4;11).20 FAB L2 morphology has been described in up
to 44% of patients.6 Patients with 11q23 aberrations
have an unfavorable outcome.3–10

del(12p) or t(12p)
Abnormalities of the short arm of chromosome 12 have
been described in 4–5% of adult ALL patients.6,7,9,10 In
one series, 20 of 23 (87%) cases with abnormal 12p had
net loss of 12p material: 8 caused by deletions and 12
by unbalanced translocations.6 It is believed that a
putative tumor suppressor gene is located in chromo-
some band 12p12.3.44,45 The outcome of patients with
abnormalities of 12p, who did not have t(9;22), was
favorable in two adult ALL series.7,10

A cryptic t(12;21)(p13;q22), commonly found in
pediatric ALL and also associated with a favorable out-
come, is rare in adult ALL.46–48 The genes involved in
this translocation are ETV649 and RUNX1 (runt-related
transcription factor 1, also known as AML1 and
CBFA2).50 An intriguing explanation for the favorable
outcome of pediatric patients with t(12;21) may lie in
the finding that the ETV6/RUNX1 protein can over-
come drug resistance through transcriptional repres-
sion of multidrug resistance-1 gene expression.51

Furthermore, t(12;21) ALL is associated with a lower
expression of genes involved in purine metabolism
and lower de novo purine synthesis.52 Taken together,
these data may explain the favorable outcome of
childhood ALL with t(12;21).

t(14q11-13)
Abnormalities of the proximal part of the long arm of
chromosome 14 have been described in 4–6% of adult
ALL patients and are associated with the WHO precur-
sor T-lymphoblastic leukemia/lymphoma designation.
6,10 The genes involved in t(14q11-13) are T-cell recep-
tor � (TCRA) and � (TCRD).6

Translocations involving band 14q32, other than
t(8;14)(q24;q32)
Abnormalities of the distal part of the long arm of
chromosome 14 have been described in approximately
5% of adult ALL patients.10 The genes involved in
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t(14q32) are the immunoglobulin heavy chain locus
(IGH)53 and the Krüeppel zinc-finger gene (BCL11A)54

on chromosome 14q32.3, both in B-lineage ALL; the
TCL1 (T-cell leukemia) gene on chromosome 14q32.155

and the distal region of a Krüeppel-like zinc-finger tran-
scription factor BCL11B (also called CTIP2) on chromo-
some 14q32.2,56,57 both in T-lineage ALL.

del(6q)
Deletions of the long arm of chromosome 6 have been
reported in 2–6% of adult ALL patients.3,6–9,58 In one
large series, most deletions encompassed band 6q21
(in 20 of 23 patients), with del(6)(q12q16) being pre-
sent in 3 remaining patients.6 In most patients,
del(6q) is found together with additional chromoso-
mal abnormalities.10 It is unclear whether del(6q) rep-
resents a primary or secondary cytogenetic abnormal-
ity. The outcome of patients with del(6q) was
somewhat better than that of patients with a normal
karyotype in one large study,6 but this finding requires
confirmation.

t(1;19)(q23;p13.3)
This aberration is significantly less common in adult
than in pediatric ALL. It was recognized as a separate
entity in adult ALL in only one series, where it was
found in 3% of the patients.6 There are two cytoge-
netic variants of the (1;19) translocation: a less com-
mon balanced t(1;19)(q23;p13.3) and a predominant
unbalanced der(19)t(1;19)(q23;p13.3), which is almost
always accompanied by two intact chromosomes 1.
The genes involved in this translocation are E2A (early
region of adenovirus type 2 encoding helix-loop-helix
proteins E12/E47) on chromosome band 19p13.359,60

and PBX1 (pre-B-cell leukemia transcription factor 1)
on chromosome band 1q23.61,62 Rare ALL cases with
t(1;19) lack the E2A/PBX1 fusion gene.63

The t(1;19) is associated with L1 morphology and
CD10 and CD19 positivity in almost all cases.6,63

Interestingly, up to 25% of cases have been described
to have Burkitt-like morphology, even though the
immunophenotype was not always of the mature (pos-
itive surface immunoglobulin expression) type.6,63

t(8;14)(q24;q32)
This aberration and its variants, t(2;8)(p12;q24) and
t(8;22)(q24;q11), are the hallmark of Burkitt lym-
phoma/leukemia. As a result of t(8;14), the MYC gene,
located at 8q24, is juxtaposed to the enhancer ele-
ments of the IGH gene at 14q32. In the case of variant
translocations, one of the immunoglobulin light chain
genes, mapped to bands 2p12 (IGK) and 22q12 (IGL), is
translocated to a telomeric region of the MYC gene at
8q24.64–67 Consequently, MYC is activated and expressed
at high levels. Because the product of the MYC gene, a
DNA-binding protein, is implicated in the regulation
of a number of other critical genes, its constitutive pro-
duction results in uncontrolled proliferation of cells

with one of the translocations. In approximately 45%
of ALL L3 cases, one of the primary translocations,
t(8;14), t(2;8), or t(8;22), is the sole chromosomal
abnormality.42 The most frequent secondary aberra-
tions include unbalanced structural anomalies of chro-
mosome 1 that lead to gain of material from its long
arm, i.e., duplications of 1q, isochromosomes of 1q,
and unbalanced translocations involving 1q, and tri-
somies of chromosomes 7 and 8.42

The disease has two major clinical presentations:
sporadic/immunodeficiency Burkitt lymphoma/
leukemia seen in the Western world, and endemic
Burkitt lymphoma/leukemia found in equatorial
Africa and almost always associated with Epstein–Barr
virus (EBV) infection. They differ not only in regard to
clinical manifestations, but also at the molecular
level.68–71

Burkitt lymphoma/leukemia is associated with
mature B-cell immunophenotype with surface IgM,
Bcl-6, CD19, CD20, CD22, CD10, and CD79a, and is
TdT, CD5, and CD23 negative.

NUMERICAL ABERRATIONS
Hyperdiploidy
A high hyperdiploid karyotype, defined by the presence
of more than 50 chromosomes, is detected in 2–9% of
adult ALL patients.3,4,6–10 The most common extra chro-
mosomes in 30 adult patients with high hyperdiploidy
(range, 51–65 chromosomes) were (in decreasing order)
21, 4, 6, 14, 8, 10, and 17.6 In pediatric ALL, gain of the
X chromosome appears to be the most common chro-
mosomal abnormality, being detected in nearly all chil-
dren with a high hyperdiploid karyotype and in up to
one-third of the patients with low hyperdiploid kary-
otype (i.e., 47–50 chromosomes).72 Interestingly, chro-
mosomes 6, 8, and 10 were also the most common
chromosomes lost in the hypodiploid group, along
with chromosome 21. The reason for the involvement
of these specific chromosomes in both types of aberrant
karyotypes is unclear. Translocation (9;22) is a common
structural aberration in patients with high hyper-
diploidy; it was present in 11 of 30 (37%) patients in
one series6 and 7 of 11 (64%) in another.26 Patients with
hyperdiploidy and t(9;22) were older and had shorter
disease-free survival (DFS) than those without t(9;22).6

The mechanism leading to hyperdiploidy is
unknown. Several possibilities have been suggested,
including polyploidization with subsequent losses of
chromosomes, successive gains of individual chromo-
somes in consecutive cell divisions, and a simultane-
ous occurrence of several trisomies in a single abnor-
mal mitosis.73

The clinical outcome of adult patients with hyper-
diploid karyotypes varies in different series. In two stud-
ies, the outcome of patients with hyperdiploid kary-
otypes was better than that of other adult ALL
patients,3,7,9 while other studies4,6,10,26 showed poor out-
come for these patients except for those with near
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tetraploidy.6 The reason for this discrepancy is unclear.
In two studies,7,10 the analysis was restricted to patients
with hyperdiploidy without structural abnormalities.
The other studies3,4,6,9,26 did not provide information
regarding structural abnormalities. A study of a larger
cohort of adult ALL patients analyzing whether hyper-
diploid karyotype without structural abnormalities con-
stitutes an independent prognostic factor is warranted. 

Almost all cases with high hyperdiploidy have pre-
cursor B-lineage ALL.6,74

Hypodiploidy
Hypodiploidy is defined by the presence of less than
46 chromosomes. This karyotype is found in 4–9% of
adult ALL patients.3,6,7,9,75 Patients with hypodiploid
karyotypes tend to be somewhat younger than patients
with a normal karyotype.6,7 A recent analysis grouped
patients with hypodiploidy into those with near-hap-
loidy (23–29 chromosomes), low hypodiploidy (33–39
chromosomes), and high hypodiploidy (42–45 chromo-
somes).75 There were only six adult patients in this
series, five of them in the low-hypodiploidy group and
one in the high-hypodiploidy group. The most common
losses in seven patients with hypodiploidy ranging from
30 to 39 chromosomes involved chromosomes 1, 5, 6, 8,
10, 11, 15, 18, 19, 21, 22, and the sex chromosomes.6

Only one study reported specifically on hypodiploidy
without structural abnormalities.7 Patients with
hypodiploidy have a DFS between 2 and 4 months, and
therefore the abnormality is classified as unfavorable.7

Most of the patients with hypodiploidy have a B-
lineage immunophenotype,6,7,75 although one report74

described up to 20% of patients with T-lineage ALL. 

Trisomy 8
Trisomy 8 in ALL is most often associated with other
karyotypic abnormalities; it is rare as a sole abnormal-
ity.76 Twelve of 23 (52%) patients with trisomy 8 also
had t(9;22). However, patients with trisomy 8 without
t(9;22) but with miscellaneous other abnormalities
fared as poorly as those with trisomy 8 and t(9;22).10 It
is unclear whether the adverse outcome is due to the
other primary abnormalities or associated with the
presence of trisomy 8 per se.

Monosomy 7
As with trisomy 8, monosomy 7 is most often associ-
ated with other karyotypic abnormalities; monosomy
7 as a sole abnormality is rare in ALL. Only one adult10

and one pediatric77 series defined patients with mono-
somy 7 as a separate group. In the adult series, 9 of 14
(64%) patients with monosomy 7 had t(9;22). Patients
with monosomy 7 without t(9;22) but with miscella-
neous other abnormalities fared as poorly as those
with monosomy 7 and t(9;22).10 It is unclear whether
the adverse outcome is due to the other primary
abnormalities or is associated with the presence of
monosomy 7.

MOLECULAR ABERRATIONS

Molecular aberrations are divided into those that
emerge from specific aberrations, gene profiling, and
polymorphisms.

SPECIFIC ABERRATIONS
Extrachromosomal amplification of the NUP214/ABL
fusion gene in T-cell ALL
Two recent studies revealed a novel genetic phenom-
enon in T-cell ALL: namely cryptic extrachromoso-
mal amplification of a segment from chromosome 9
containing the ABL gene. Barber et al. were the first to
report that amplification involving the ABL gene
occurred in 5 of 210 (2.3%) children and 3 of 70 (4.3%)
adults with T-cell ALL, even though there was no cyto-
genetic evidence of amplification, such as double min-
utes or homogeneously staining regions. The authors
suggested that amplified ABL sequences were located
on submicroscopic circular extrachromosomal DNA
molecules called episomes.

SMAD3
SMAD3 [Sma and Mad (mothers against decapenta-
plegic) 3] is involved in signal transduction from the
transforming growth factor �(TGF-�) superfamily of
receptors to the nucleus.78 SMAD3 protein was recently
shown to be absent in T-cell ALL, but present in B-cell
ALL and AML. The SMAD3 transcript was intact in all
leukemia subtypes. These data suggest that SMAD3 is
functioning as a tumor suppressor gene in T-cell ALL.

FLT3
FLT3 activating mutations are in general rare in ALL,
but have been detected in approximately 20% of ALL
specimens, with rearrangement of the MLL gene,37,79,80

25% of hyperdiploid ALL,80,81 and in the rare subset of
CD117/KIT-positive, CD3-positive ALL.82 Interestingly,
the internal tandem duplication of the FLT3 gene,
commonly detected in AML, has thus far not been
seen in ALL. FLT3 inhibitors (e.g., PKC412 and CEP-
701) can suppress FLT3-positive ALL cells in vitro and
therefore warrant clinical trials.79,83

TLX1
Gene expression profiles in T cell ALL identified five dif-
ferent signature patterns involving different oncogenes:
TLX1 (HOX11), TLX3 (HOX11L2), TAL1 plus LMO1/2,
LYL1 plus LMO2 and MLL-ENL.85 Only the TLX1-
expressing samples were associated with a favorable
outlook in children86,87 and adults88 with T cell ALL.

Cryptic t(5;14)(q35;q32) and the overexpression of
the TLX3 gene
TLX3 gene expression represents one of the five onco-
genes involved in T-cell ALL. This gene is located on
chromosome 5q35 and was found to be transcriptionally
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activated as a result of a translocation between chromo-
somes 5 and 14, t(5;14)(q35;q32).84 A study of samples
from 23 childhood T-cell ALL patients revealed that this
translocation was cryptic in five of them,84 which was
corroborated by larger studies.85,86 Overexpression of
TLX3 was reported by one group87 to bestow poor prog-
nosis but this has not been substantiated by other, larger
studies.85,86

NOTCH1
NOTCH1 point mutations, insertions, and deletions
producing aberrant increases in NOTCH1 signaling are
frequently present in T-cell ALL.88–90 Further, NOTCH1
signaling was shown to be required for sustained
growth and, in a subset of cell lines, for survival.
Finally, experiments with small-molecule inhibitors of
�-secretase, a protease required for normal NOTCH sig-
nal transduction and the activity of the mutated forms
of NOTCH1, showed inhibitory activity in T-cell ALL
with NOTCH1 mutations. These results provide a
rationale for clinical trials with NOTCH1 inhibitors,
such as �-secretase antagonists.89,90

GENE PROFILING
Relapse-classifying gene sets
Several groups have identified distinctive gene sets in
diagnostic samples from patients whose disease subse-
quently recurred.91,92 In spite of the different age
groups studied (pediatric91 vs adult92), assortment of
array platforms, and diverse treatment protocols, all
Affymetrix ALL array data and two sets of cDNA arrays
validated the predictability of these gene sets to delin-
eate the following cytogenetic prognostic groups:
hyperdiploidy, T-lineage ALL, t(12;21), t(4;11), and
t(1;19).93

Resistance-classifying gene sets
A different gene profile was identified when leukemia
cells were tested for in vitro sensitivity to the four most
commonly used drugs in ALL, i.e., prednisolone, vin-
cristine, asparaginase, and daunorubicin.94 Interestingly,
only three genes for which results were significant in
these analyses, RPL6, ARHA, and SLC2A14, have previ-
ously been associated with resistance to doxorubicin.
Two gene expression profiles that differed according to
sensitivity or resistance to the four drugs were com-
pared with treatment outcome. These two gene sets
were significantly and independently predictive of
outcome. They are now being analyzed in prospective
studies to tailor treatment according to patterns of
resistance.

POLYMORPHISMS

Pharmacogenetics is the study of genetic variations in
drug-processing genes and individual responses to

drugs.95 It enables the improved identification of
patients at higher risk for either disease relapse or
chemotherapy-associated side effects.

More than 20 years ago, it was recognized that the
activity of thiopurine-S-methyltransferase (TPMT), the
enzyme involved in the metabolism of 6-mercaptop-
urine and 6-thioguanine, differs among patients and
that approximately 1 in 300 individuals demonstrates
reduced enzymatic activity.96–100 Molecular testing to
identify this polymorphism was developed shortly
thereafter101,102 and showed good correlation with the
enzymatic activity. Based on molecular testing, it has
become clear that homozygous carriers for one of the
three TPMT mutant alleles experience severe myelo-
toxicity and increased risk of relapse due to treatment
delays.103,104 Interestingly, patients with the mutated
TPMT alleles have a significantly higher risk of devel-
oping secondary brain tumors if treated with whole-
brain radiation.105 Similarly, there was a trend toward
increased risk of secondary AML in patients with
decreased enzymatic activity.106

Similarly, single-nucleotide polymorphisms involv-
ing four of the enzymes involved in methotrexate
metabolism have been implicated in increased relapse
risk or toxicity in pediatric ALL patients: methylenete-
trahydrofolate reductase,107–111 reduced folate car-
rier,112–114 thymidylate synthetase,115,116 and methyl-
enetetrahydrofolate dehydrogenase.111

FUTURE DIRECTIONS

We believe that progress in cytogenetic and genetic
dissection of ALL will lead to risk-adapted treatment in
adult ALL, as is already being accomplished for pedi-
atric ALL. Currently, allogeneic transplantation in first
remission is offered to adults with unfavorable kary-
otypes. The future promises more refined approaches,
based on the information from genetic analyses,
which will hopefully lead to improved outcome in
adult ALL.
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CLINICAL FEATURES

DISEASE PRESENTATION–
Patients with acute lymphoblastic leukemia (ALL) pre-
sent with signs and symptoms related to impaired
hematopoiesis from progressively worsening bone
marrow involvement. Anemia may result in fatigue,
light-headedness, dyspnea, and pallor. Patients with
thrombocytopenia may develop petechiae, purpura,
and hemorrhage. Fevers and infections also commonly
occur due to neutropenia. Approximately one-third of
patients have been reported to have infections, hem-
orrhage, or constitutional symptoms at the time of
diagnosis.1–3 Clinical characteristics for patients pre-
senting with ALL are given in Table 12.1.

Leukocytosis is often observed at the time of initial
disease presentation, and the German Multicenter Trial
GMALL 03/87 and 04/89 reported that 51% of their
adult patients had a white blood cell (WBC) count of
more than 30 � 109/L.1 Investigators at MD Anderson
Cancer Center noted that 26% of their adult ALL
patients had a WBC count of more than 30 � 109/L and
39% had a WBC count between 5 and 30 � 109/L.12

The French Group on Therapy for Adult ALL LALA 87
Trial observed that 31% of adult B-cell ALL patients and
55% of T-cell ALL patients had an initial WBC count of
30 � 109/L or above.4 The GIMEMA 0496 study found
that 32% of their adult pro-B-cell ALL patients had an
initial WBC count of more than 50 � 109/L.13 Patients
with T-cell ALL have been reported to have a WBC
count greater than 100 � 109/L in 25% of adult patients
and in 50–77% of children.5–7 In addition, 40–50% of
children with B-cell ALL have been noted to have an
initial WBC count of more than 20–25� 109/L.8,14

Anemia occurs frequently when patients present
with ALL. A hemoglobin of less than or equal to 8 g/dL
has been noted in about 30% of adult pro-B-cell ALL
patients,1 while a hemoglobin of less than 12 g/dL has
been observed in 85% of B-cell ALL and 65% of T-cell
ALL patients.4 Investigators at MD Anderson Cancer
Center found that 69% of their adult ALL patients had

an initial hemoglobin of less than 10 g/dL.12 Fifty-five
percent of children with T-cell ALL treated at St Jude
Children’s Research Hospital were noted to have an
initial hemoglobin of less than 11 g/dL.7 French inves-
tigators observed that 42% of their children and 60%
of infants with ALL had presenting hemoglobin levels
of less than 8 g/dL.9 More than 80% of children on
Children’s Cancer Group (CCG) trials were also found
to be anemic at diagnosis, with a hemoglobin level of
less than or equal to 10 g/dL.8

Thrombocytopenia is also commonly observed at
the time of diagnosis. Kantarjian et al. noted that 74%
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Table 12.1 Signs and symptoms at the time of ALL
diagnosis

Reported (%)a

Hemorrhage 35–38
Infection 12–38
B symptoms 27–33

Lymphadenopathy
B cell 21–46 (adult), 17–60 (child)
T cell 67–71 (adult), 79 (child)

Hepatomegaly
B cell 13–50 (adult), 3–50 (child)
T cell 34 (adult), 41–72 (child)

Splenomegaly
B cell 30–49 (adult), 5–80 (child)
T cell 52 (adult), 54–84 (child)

CNS involvement
B cell 5–9 (adult), 2–5 (child)
T cell 9–11 (adult), 8–17 (child)

Mediastinal mass
B cell 2–6 (adult), 0.2–11 (child)
T cell 40–91 (adult), 39–54 (child)

Pleura involvement 9–40 (adult), 5–7 (child)
Testis involvement 2–4 (adult), 2 (child)
Skin involvement 2
Kidney involvement 2

aIncidences were obtained from Refs. 1–11.
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of their adult ALL patients had a presenting platelet
count of less than 100 � 109/L.12 French investigators
similarly reported that approximately 70% of both
their B- and T-cell ALL patients had platelet counts of
less than or equal to 100 � 109/L at the time of pre-
sentation.4 The Cancer and Leukemia Group B Study
8364 had found that the initial median platelet counts
for B- and T-lineage disease were 47 and 61 � 109/L,
respectively.10 Of approximately 3700 cases of child-
hood ALL enrolled on CCG trials, 35–50% had initial
platelet counts of less than 50 � 109/L, 31–36% had
platelet counts between 50 and 150 � 109/L, and
19–29% had platelet counts of more than 150 �

109/L.8

Patients with mature B-cell ALL (Burkitt-type) com-
monly present with bulky disease from rapid prolifera-
tion of the neoplastic cells. Hyperuricemia and a high
serum lactate dehydrogenase (LDH) are often
observed. Investigators at MD Anderson Cancer
Center have reported that 42% of such patients had an
initial LDH of 620–4999 U/L, 27% had a level of
5000–10,000 U/L, and 31% had a level of more than
10,000 U/L.15 They also noted that hepatomegaly,
splenomegaly, and lymphadenopathy occurred in 31,
23, and 19% of these patients, respectively. At presen-
tation, 27% of these patients had an initial WBC count
of 10 � 109/L or above, 65% were anemic with a hemo-
globin level of less than 10 g/dL, and 77% had a
platelet count of less than 100 � 109/L. As patients
with mature B-cell ALL are treated, they also fre-
quently develop tumor lysis syndrome that may fur-
ther worsen hyperuricemia, which may in turn lead to
renal insufficiency. There may also be hyperkalemia,
hyperphosphatemia, and a resultant hypocalcemia
(see Chapter 107).

EXTRAMEDULLARY DISEASE
Central nervous system disease
Central nervous system (CNS) ALL has been defined as
more than five WBCs per microliter of cerebrospinal
fluid (CSF) with leukemic lymphoblasts identified after
cytocentrifugation.16,17 There has been some contro-
versy as to whether the presence of blasts in the CSF
predicts for more CNS relapses or inferior CNS
leukemia-free survival in childhood ALL when the
total CSF WBC count is less than 5/	L.18,19 This is also
unknown for adult ALL patients.

At the time of diagnosis, fewer than 5% of children
and fewer than 10% of adult ALL patients present
with CNS disease.20 The leukemic cells may traverse
superficial cerebral veins into the arachnoid circula-
tion, which then may result in impaired cerebral per-
fusion. These neoplastic cells can then enter the CSF,
resulting in morning headache, emesis, papilledema,
signs of meningeal irritation, and impaired cerebral
function.21 In addition, compromise of cranial nerve
circulation from leukemia can lead to neuropathies,
such as optic neuritis.22 Endocrinopathies may also
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develop from hypothalamic or pituitary involve-
ment.23 Leukemic infiltration of the leptomeninges
may lead to other neurologic symptoms, such as 
paraparesis.

Adolescent patients, children, and infants have a
higher risk of CNS disease than do adults.24

Approximately 10–40% of patients with mature B-cell
ALL (Burkitt-type) develop CNS disease.15,25,26 This
increased incidence is most notable in older ALL
patients. Prior to the use of modern ALL treatment reg-
imens, patients with T-cell disease were also more
likely than those with B-cell phenotypes to develop
CNS disease.24 In addition, a high leukocyte count, a
high serum LDH, and extramedullary disease have
been associated with an increased risk of CNS
leukemia.27,28

Patients with ALL who develop CNS recurrences
have a worse prognosis and are at increased risk for sys-
temic relapses. With the use of standard therapies for
CNS prophylaxis, the risk of CNS relapses has decreased
for both children and adults from approximately
40–50% to 10% or below.29–31 Of 439 adult ALL patients
treated at MD Anderson Cancer Center who achieved a
complete remission, 32 (7%) developed a CNS disease
relapse.32 However, when these investigators compared
initial characteristics for patients with or without a
CNS recurrence, they found no significant differences
between the groups with respect to age, WBC count,
platelet count, percentage of bone marrow or periph-
eral blood blasts, bone marrow cellularity, serum LDH,
immunophenotype, French–American–British (FAB)
classification, or Philadelphia chromosome status.

Testicular disease
Patients who develop testicular disease may present
with increased testicular size and firmness, as well as
nodular lesions in one or both testes that may be pain-
less. The majority of leukemic infiltration involves the
interstitium of the testis on the endothelial side.33 It
has been suggested that in children a risk factor for tes-
ticular involvement is age older than 10 years during
the onset of puberty.34

Using autopsy series, ALL involving the testes has
been reported to occur in approximately 30–90% of
cases.35 With the use of more effective modern treat-
ment regimens, this incidence may now be consider-
ably lower.36

Testicular disease is rare at the time ALL is initially
diagnosed. However, testicular involvement is more
commonly observed at the time of a disease recur-
rence, which usually antedates a systemic relapse
within months.37 The Children’s Cancer Group
reported that, among 3712 childhood ALL cases,
there were 113 (8.3%) isolated testicular relapses, 38
(2.8%) concurrent marrow and testicular relapses, 4
(0.3%) concurrent marrow, testicular, and CNS
relapses, and 4 (0.3%) concurrent testicular and CNS
relapses.38



Lymphatic
Lymphadenopathy is frequently observed and is some-
what more common in T-cell ALL than in B-cell
ALL.1–3,5,9,11 Hepatomegaly and splenomegaly are also
commonly identified at the time of disease presenta-
tion, and these are also found more often among T-cell
phenotypes.1,2,5,7,9,11 Furthermore, lymphadenopathy
and hepatosplenomegaly occur more commonly in
children than in adults with T-cell ALL.5 Although
mediastinal masses have been reported in approxi-
mately 40–90% of patients at the time of diagnosis of
T-cell ALL,3–7,10 they have also been identified in B-cell
ALL patients, but at a much lower frequency.1,4,9–11

MAKING THE DIAGNOSIS

The diagnosis of ALL is usually established by a bone
marrow examination from which morphologic assess-
ment, as well as immunophenotypic, cytogenetic, and
molecular analyses, may be obtained. Patients present-
ing with circulating lymphoblasts may also have the
diagnosis established by performing these analyses on a
peripheral blood sample. ALL and lymphoblastic lym-
phoma are considered to be the same disease biologi-
cally. When patients present with extensive blood and
bone marrow involvement with more than 25% blasts,
the disease is categorized as ALL. For patients having
disease confined to mass lesions and having less than
or equal to 25% blasts in the bone marrow, the diagno-
sis of lymphoblastic lymphoma is used.39 For patients
with lymphoblastic lymphoma, the diagnosis may be
established by a biopsy of an involved lymph node(s)
or mass lesion(s). An adequate amount of tissue should
be obtained to perform the appropriate immunophe-
notypic, cytogenetic, and molecular analyses. 

CNS disease may be detected by a lumbar puncture
for CSF cytologic and flow cytometric analyses.
Usually, this procedure is not performed initially when
there are circulating lymphoblasts in the peripheral
blood, as this may theoretically introduce disease into
the CSF. Alternatively, a traumatic lumbar puncture
may contaminate the CSF specimen with blood con-
taining leukemic lymphoblasts, which could then
result in a false positive test for CNS leukemia.

MORPHOLOGIC ASSESSMENT
A detailed discussion of the pathology of ALL is pre-
sented in Chapter 11. The initial morphologic classifi-
cation for ALL was formulated by the FAB Cooperative
Group,40 which proposed three morphologic subtypes
(L1, L2, and L3). The L1 subtype is composed of small
cells with a homogeneous nuclear chromatin pattern,
regular nuclear shape, and scant cytoplasm that is only
slightly to moderately basophilic. The L2 subtype con-
tains cells of more heterogeneous size and are larger
than those of the L1 subtype. These blasts also have a
more heterogeneous nuclear chromatin pattern, a

cytoplasm of variable amount and degree of
basophilia, an irregular nuclear shape, and they may
have nucleoli that are detected more readily compared
to L1 blasts. The L3 subtype consists of blasts of large,
uniform size with finely stippled chromatin and regu-
lar nuclear shape. Prominent nucleoli are commonly
observed, and there are moderate amounts of cyto-
plasm with deep basophilia and lipid vacuoles. A
“starry sky” appearance is often observed, which
results from the ingestion of apoptotic neoplastic cells
by histiocytes.41 Although many mitotic figures may
be observed, the amount may be greater for T- com-
pared to B-cell phenotypes.

Cytochemistry assessment demonstrates that the
lymphoblasts in ALL are negative for myeloperoxidase
and Sudan black B stains. Periodic acid–Schiff reaction
and nonspecific esterase may be positive.42 Terminal
deoxynucleotidyl transferase (TdT) is also positive in
most cases of ALL.

IMMUNOPHENOTYPIC ASSESSMENT
Specific ALL phenotypes, such as T- or B-cell-lineage
disease, cannot be distinguished by morphologic
assessment. Immunophenotyping by flow cytometric
analysis provides a rapid and accurate method to char-
acterize distinct ALL subtypes. As distinguished in the
World Health Organization Scheme, these consist of
early precursor B-cell ALL, common B-cell ALL, pre-
cursor B-cell ALL, mature B-cell (Burkitt-type) ALL,
precursor T-cell ALL, and T-cell ALL.41–43 Table 12.2
shows the specific lymphoid markers that are
expressed with the various ALL subtypes. Further dis-
cussion of immunophenotyping for ALL is found in
Chapter 11.

MOLECULAR GENETIC ANALYSIS
Genetic alterations in ALL may be detected by cytoge-
netic, fluorescent in situ hybridization (FISH), and
reverse transcriptase polymerase chain reaction (RT-PCR)
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Table 12.2 Immunophenotypes of ALL subtypes

Surface markers

B lineages
Early precursor B cell TdT�, CD19+, HLA-DR�,

cCD79a�, cCD22�

Common B cell TdT�, CD19�, HLA-DR�, CD10�

Precursor B cell TdT�, CD19�, HLA-DR�, CD10�,
cIg�

Mature B cell CD19�, CD20�, HLA-DR�, CD10�,
CD22�, CD79a, sIg�

T lineages
Precursor T cell TdT�, CD2�, CD7�, cCD3�

T cell TdT�, CD1a�, CD2�, CD5�,
CD7�, sCD3�

TdT, terminal deoxynucleotidyl transferase; c, cytoplasmic; s, surface; 
Ig, immunoglobulin.



analyses. These diagnostic techniques allow for precise
determination of specific ALL genotypes that provide
important prognostic information. Molecular genetic
alterations in ALL are given in Table 12.3. DNA
microarray analysis may also provide unique gene
expression profiles which will continue to refine the
classification of ALL subtypes.45,46 Chapter 11 also
specifically reviews the molecular biology of ALL. As
FISH and RT-PCR are more sensitive techniques at
detecting prognostically important cytogenetic abnor-
malities than is traditional karyotyping, we recom-
mend use of one of these madalities to determine the
presence of t(9;22) or t(4;11).

DIFFERENTIAL DIAGNOSIS
The differential diagnosis for ALL includes acute
myeloid leukemia, aplastic anemia, chronic myeloid
leukemia in lymphoid blast crisis, a minimally differ-
entiated and reactive bone marrow with increased
hematogones, bilineal acute leukemia in which two

distinct leukemic populations coexist, and bipheno-
typic acute leukemia in which a single leukemic popu-
lation coexpresses a sufficient amount of both myeloid
and lymphoid markers. Although chronic lymphoid
leukemia and other lymphoid malignancies with cir-
culating lymphoma cells may initially be considered in
the differential diagnosis of ALL based upon an initial
complete blood count and differential, ALL is usually
easily distinguished from these diseases by morpho-
logic review and immunophenotyping. 

Lymphoblastic lymphoma and Burkitt lymphoma
are biologically the same disease as their leukemic
counterparts. However, their differential diagnosis also
includes other aggressive lymphomas, thymoma, and
other solid tumors from the respective anatomic loca-
tions in which they are found. An adequate biopsy
specimen from which appropriate morphologic,
immunophenotypic (e.g., TdT), and molecular studies
(e.g., BCR/ABL) can be performed usually allows the
diagnosis to be definitively established. 
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Table 12.3 Genotypes in adult and childhood ALL41,42,44

Cytogenetic Genetic Childhood Adult 
abnormality alteration frequency (%) frequency (%)

t(9;22)
t(12;21)
t(4;11), t(11;19), t(9;11)
t(1;19)
t(8;14), t(8;22), t(2;8)
5q35
19p13
10q24
1p32
Hyperdiploid (�50)
Hypodiploid (�45)

BCR/ABL
TEL/AML1
MLL
PBX/E2A
MYC
HOX11L2
LYL1
HOX11
TAL1

aThe frequency is approximately 25% for childhood precursor B-cell ALL.

3–4
22–29
8
5–6a

2
3
2
1
7
25
1–5

25–29
2
10
3
4
1
3
8
12
7
2

REFERENCES

1. Ludwig W-D: Immunophenotypic and genotypic fea-
tures, clinical characteristics, and treatment outcome of
adult pro-B acute lymphoblastic leukemia: results of the
German Multicenter Trials GMALL 03/87 and 04/89.
Blood 92:1898, 1998.

2. Thomas X: Philadelphia chromosome positive adult
acute lymphoblastic leukemia: characteristics, prognos-
tic factors and treatment outcome. Hematol Cell Ther
40:119, 1998.

3. Hoelzer D: Outcome of adult patients with T-lym-
phoblastic lymphoma treated according to protocols
for acute lymphoblastic leukemia. Blood 99:4379,
2002.

4. Boucheix C: Immunophenotype of adult acute lym-
phoblastic leukemia, clinical parameters, and outcome:
an analysis of a prospective trial including 562 tested
patients (LALA87). Blood 84:1603, 1994.

5. Garand R: Comparison of outcome, clinical, laboratory,
and immunological features in 164 children and adults
with T-ALL. Leukemia 4:739, 1990.

6. Goldberg JM: Childhood T-cell acute lymphoblastic
leukemia: the Dana-Farber Cancer Institute Acute
Lymphoblastic Leukemia Consortium experience. J Clin
Oncol 21:3616, 2003.

7. Pui C-H: Heterogeneity of presenting features and their
relation to treatment outcome in 120 children with T-
cell acute lymphoblastic leukemia. Blood 75:174, 1990.

8. Steinherz PG: Treatment of patients with acute lym-
phoblastic leukemia with bulky extramedullary disease
and T-cell phenotype or other poor prognostic features.
Randomized controlled trial from the Children’s Cancer
Group. Cancer 82:600, 1998.

9. Lenormand B: PreB1 (CD10-) acute lymphoblastic
leukemia: immunophenotypic and genomic 



characteristics, clinical features and outcome in 38 adults
and 26 children. Leuk and Lymphoma 28:329, 1998.

10. Czuczman MS: Value of immunophenotype in inten-
sively treated adult acute lymphoblastic leukemia:
Cancer and Leukemia Group B study 8364. Blood
93:3931, 1999.

11. Ng SM: Age, sex, haemoglobin level, and white cell
count at diagnosis are important prognostic factors in
children with acute lymphoblastic leukemia treated with
BFM-type protocol. J Trop Pediatr 46:338, 2000.

12. Kantarjian HM: Results of treatment with hyper-CVAD,
a dose-intensive regimen, in adult acute lymphocytic
leukemia. J Clin Oncol 18:547, 2000.

13. Cimino G: Clinico-biologic features and treatment out-
come of adult pro-B-ALL patients enrolled in the
GIMEMA 0496 study: absence of the ALL1/AF4 and of
the BCR/ABL fusion genes correlates with a significantly
better clinical outcome. Blood 102:2014, 2003.

14. Pui C-H: Clinical significance of CD10 expression in child-
hood acute lymphoblastic leukemia. Leukemia 7:35, 1993.

15. Thomas DA: Hyper-CVAD program in Burkitt’s-type
adult acute lymphoblastic leukemia. J Clin Oncol
17:2461, 1999.

16. Tubergen DG: Blasts in CSF with a normal cell count do
not justify alteration of therapy for acute lymphoblastic
leukemia in remission: a Children’s Cancer Group study.
J Clin Oncol 12:273, 1994.

17. Mastrangelo R: Report and recommendations of the
Rome workshop concerning poor-prognosis acute lym-
phoblastic leukemia in children: biologic basis for stag-
ing, stratification, and treatment. Med Pediatr Oncol
14:191, 1986. 

18. Mahmoud HH: Low leukocyte counts with blast cells
in cerebrospinal fluid of children with newly diag-
nosed acute lymphoblastic leukemia. N Engl J Med
329:314, 1993.

19. Gilchrist GS: Low numbers of CSF blasts at diagnosis do
not predict for the development of CNS leukemia in
children with intermediate-risk acute lymphoblastic
leukemia: a Children’s Cancer Group report. J Clin Oncol
12:2594, 1994.

20. Cortes J: Central nervous system involvement in adult
acute lymphocytic leukemia. Hematol Oncol Clin North
Am 15:145, 2001.

21. Pochedly C: Neurologic manifestations of leukemia. I:
Symptoms due to increased CSF pressure and hemorrhage.
II: Involvement of the cranial nerves, hypothalamus,
spinal cord, and peripheral neuropathy. In: Pochedly C
(ed.) Leukemia and Lymphoma in the Central Nervous System.
Springfield, IL: Charles C. Thomas; 1977:3.

22. Ingram LC: Cranial nerve palsy in childhood acute lym-
phoblastic leukemia and non-Hodgkin’s lymphoma.
Cancer 67:2262, 1991.

23. Pinkel D: Prevention and treatment of meningeal
leukemia in children. Blood 84:355, 1994. 

24. Pavlovsky S: Factors that influence the appearance of
central nervous system leukemia. Blood 42:935, 1973.

25. Gururangan S: Outcome of CNS disease at diagnosis in
disseminated small noncleaved-cell lymphoma and B-
cell leukemia. A Children’s Cancer Group study. J Clin
Oncol 18:2017, 2000.

26. Todeschini G: Eighty-one percent event-free survival in
advanced Burkitt’s lymphoma/leukemia: no difference

in outcome between pediatric and adult patients
treated with the same intensive pediatric protocol. Ann
Oncol 8:77, 1997.

27. Kantarjian HM: Identification of risk groups for develop-
ment of central nervous system leukemia in adults with
acute lymphocytic leukemia. Blood 72:1784, 1988.

28. Stewart DJ: Natural history of central nervous system
acute leukemia in adults. Cancer 47:184, 1981.

29. Pui CH: Acute lymphoblastic leukemia in children. Curr
Opin Oncol 12:3, 2000.

30. Omura GA: Combination chemotherapy of adult acute
lymphoblastic leukemia with randomized central ner-
vous system prophylaxis. Blood 55:199, 1980.

31. Cortes J: The value of high-dose systemic chemotherapy
and intrathecal therapy for central nervous system pro-
phylaxis in different risk groups of adult acute lym-
phoblastic leukemia. Blood 86:2091, 1995. 

32. Surapaneni UR: Central nervous system relapse in adults
with acute lymphoblastic leukemia. Cancer 94:773, 2002.

33. Kay HEM: Testicular infiltration in acute lymphoblastic
leukemia. Br J Haematol 53:537, 1983.

34. Ritzén EM: Testicular relapse of acute lymphoblastic
leukemia (ALL). J Reprod Immunol 18:117, 1990.

35. Hustu HO: Extramedullary leukaemia. Clin Haematol
7:313, 1978.

36. Brecher ML: Intermediate dose methotrexate in childhood
acute lymphoblastic leukemia resulting in decreased inci-
dence of testicular relapse. Cancer 58:1024, 1986.

37. Sullivan MP: Radiotherapy (2500 rad) for testicular
leukemia: local control and subsequent clinical events: a
Southwest Oncology Group study. Cancer 46:508, 1980.

38. Gaynon PS: Survival after relapse in childhood acute
lymphoblastic leukemia. Impact of site and time to first
relapse–-the Children’s Cancer Group experience. Cancer
82:1387, 1998.

39. Murphy SB: Childhood non-Hodgkin’s lymphoma. N
Engl J Med 299:1446, 1978.

40. Bennett JM: Proposals for the classification of the acute
leukaemias. French–American–British (FAB) Co-
Operative Group. Br J Haematol 33:451, 1976.

41. Diebold J, Jaffe ES, Raphael M, et al.: Burkitt lymphoma.
In: Jaffe ES, Harris NL, Stein H, Vardiman JW (eds.)
World Health Organization Classification of Tumours:
Tumours of Haematopoietic and Lymphoid Tissues. Lyon,
France: IARC Press; 2001:181.

42. Brunning RD, Borowitz M, Matutes E, et al.: Precursor B
lymphoblastic leukaemia/lymphoblastic lymphoma
(Precursor B-cell acute lymphoblastic leukaemia). In:
Jaffe ES, Harris NL, Stein H, Vardiman JW (eds.) World
Health Organization Classification of Tumours: Tumours of
Haematopoietic and Lymphoid Tissues. Lyon, France: IARC
Press; 2001:111.

43. van’t Veer MB: Acute lymphoblastic leukaemia in adults:
immunological subtypes and clinical features at presen-
tation. Ann Hematol 66:277, 1993.

44. Pui CH: Mechanisms of disease—acute lymphoblastic
leukemia. N Engl J Med 350:1535, 2004.

45. Yeoh EJ: Classification, subtype discovery, and prediction
of outcome in pediatric acute lymphoblastic leukemia by
gene expression profiling. Cancer Cell 1:133, 2002.

46. Armstrong SA: Inhibition of FLT3 in MLL: validation of
a therapeutic target identified by gene expression based
classification. Cancer Cell 3:173, 2003.

Chapter 12 ■ Clinical Features and Making the Diagnosis 125



This page intentionally left blank 



In acute lymphoblastic leukemia (ALL), normal
hematopoiesis is suppressed by accumulation in the
bone marrow of clonal, malignant lymphoblasts.
Arrested at various stages of development, different
subtypes of ALL are characterized by distinct
immunophenotypic, cytogenetic, and molecular fea-
tures. In contrast to pediatric ALL, where cure rates
approach 80%, only one-third of adult patients with
ALL achieve long-term disease-free survival (DFS). To
improve the outcome of patients with adult ALL,
insight gained from the characterization of ALL has led
to a risk-adapted approach to therapy.1 Further under-
standing of the biology of this disease will refine this
risk-adapted approach, with the ultimate goal of
improving the cure rates of adult patients with ALL. 

BACKGROUND

ALL is a relatively rare disease in adults, representing
approximately 20% of adult acute leukemias. The esti-
mated number of new cases of ALL in the year 2003 in
the United States was 3600. The age-adjusted inci-
dence is 1.6 per 100,000 in adults.2 There is a bimodal
distribution to the incidence of the disease, with an
initial peak in early childhood and a second smaller
peak in patients older than 50 years.3 Secondary acute
leukemias can occur following chemotherapy or radia-
tion treatment for other malignancies. Although most
of these leukemias are myeloid, an increasing number
of ALL cases are being reported following exposure to
chemotherapy with topoisomerase II inhibitors. These
therapy-related ALL cases have been associated with
chromosomal rearrangements involving the MLL gene
and typically occur within 2 years of initial exposure
to the chemotherapeutic agent(s).4 A longer time to
development of leukemia has been observed following
exposure to alkylating agents and the development of
therapy-related leukemias.

PROGNOSTIC FACTORS AND RISK
STRATIFICATION

Recognized prognostic factors in adult ALL that impact
on treatment allocation are discussed below (Table 13.1).

AGE AT DIAGNOSIS
Most clinical trials5–9 have noted a marked difference
in both complete remission (CR) rate and DFS in ALL
patients, depending on patient age. Both comorbid
medical conditions resulting in increased toxicity of
induction and postremission therapy and the presence
of higher risk biologic features contribute to the
adverse prognosis of older adults with ALL. DFS is con-
sistently less than 20% in patients older than 60 years.
Shorter remission duration in older adults is also a
consequence of the higher frequency of adverse cyto-
genetic features, including the t(9;22)(q34;q11), or
Philadelphia chromosome, which may occur in as
many as 40% of adults older than 50 years.10,11

LEUKOCYTE COUNT AT PRESENTATION 
The majority of clinical studies have identified a high
presenting white blood cell (WBC) count as an adverse
prognostic factor that influences both CR rate and
duration.5,12–14 Despite intensification of recent regi-
mens, lower remission durations in this subset of
patients persist, particularly in those with precursor B
ALL and WBC counts of higher than 100,000/	L.15

The same degree of hyperleukocytosis has not been as
clearly associated with an adverse prognosis in precur-
sor T ALL, in which patients routinely present with
higher WBC counts. 

FAILURE TO ATTAIN A CR IN LESS THAN 4–5 WEEKS
Several clinical studies have identified the importance
of time required to attain first remission as a signifi-
cant prognostic factor in adult ALL.8,16
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CYTOGENETICS/MOLECULAR GENETICS
Cytogenetic abnormalities occur in about 60–70% of
adults with ALL and are among the most important
prognostic factors; therefore, cytogenetic analysis is a
critical component of the diagnostic workup.14,21 The
Cancer and Leukemia Group B (CALGB) stratified
patients into three prognostic groups based on cyto-
genetics: poor [including t(9;22), t(4;11), �7, and
�8]; normal diploid; and miscellaneous (all other
structural aberrations), with DFS rates of 11, 38, and
52%, respectively.29 In this series, a higher frequency
(35%) of patients with precursor T ALL had a normal
karyotype. In particular, all larger series have identi-
fied that the presence of the Philadelphia chromo-
some, t(9;22) (q34;q11), and translocations involving
the MLL gene on chromosome 11q23—the most com-
mon of which is the t(4;11)(q21;q23)—are indepen-
dently associated with short CR duration and sur-
vival.20,21,30 The Philadelphia chromosome is the
most common recurring abnormality (overall
25–30%) in adult ALL, and it increases in frequency
with age. Allogeneic stem cell transplantation (allo
SCT) in first remission is advocated for these high-risk
patients and is discussed below. In contrast, patients
with precursor T ALL and the t(10;14) appear to have
durable remissions.5

MINIMAL RESIDUAL DISEASE STUDIES
Polymerase chain reaction (PCR) and flow cytometry
have been used to monitor the persistence of the
leukemic clone during treatment in an attempt to
identify patients in morphologic and cytogenetic
remission, but in whom there is persistence of subclin-
ical or minimal residual disease (MRD), which may
increase the risk of relapse. These sensitive techniques
rely on the ability to identify a unique marker of the
leukemia cells. For example, PCR techniques monitor a
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recurring fusion gene (e.g., BCR-ABL) or a clone-spe-
cific rearrangement of the immunoglobulin heavy
chain or T-cell receptor gene.19 MRD monitoring by
flow cytometry of an aberrant immunophenotype of
the leukemic blasts (e.g., presence of myeloid antigens
on a lymphoid progenitor cell) can be identified at
diagnosis and used for MRD monitoring. These molec-
ular techniques have far greater sensitivity than stan-
dard cytogenetic analysis and may detect anywhere
from one leukemia cell in a background of 10,000 to 1
million normal cells. Using both semiquantitative and
more precise quantitative techniques, a number of
studies in both pediatric and adult ALL have now pro-
vided preliminary evidence that MRD detection at spe-
cific time points following achievement of remission is
an independent prognostic factor that may predict
early relapse.22–26

RISK-ADAPTED THERAPY
The factors described above can be used to provide a
general risk assessment for prognosis and treatment
planning. As many as 75% of adults with ALL can be
considered relatively “high risk,” with an expected
DFS of 25–35%. Only approximately 25% of patients
can be considered “standard risk,” with anticipated
survival rates of more than 50%. Nevertheless, until
recently, most adults with ALL have been treated sim-
ilarly regardless of patient-specific clinical and bio-
logic risk features. To date, “risk-adapted” therapy in
adult ALL has focused primarily on two disease sub-
sets: patients with mature B-cell (Burkitt-type) ALL
and those with Philadelphia-chromosome-positive
(Ph�) ALL. These two groups are considered sepa-
rately in the “Treatment” section that follows. The
role of dose intensification with SCT in first remission
and age-adapted therapeutic strategies will also be
reviewed.

Table 13.1 Prognostic factors in adult ALL identifying risk groups for treatment—stratification

Prognostic factor Ref Good risk Standard risk Poor risk

Clinical age 5, 6–16 �30 years 30–60 years old 60 years
Presenting WBC �30,000/uL �30,000/uL �30,000/uL (precursor B)
Time to CR �2–4 weeks 2–4 weeks �2–4 weeks

Immunophenotype 17–19 Mature Precursor B Pro-B
B-Burkitt type early T (only 1–3 T-cell markers)
Precursor T

Molecular/cytogenetics 20 High hyperdiploid Normal karyotype t(9;22)/BCR-ABL
t(8;14), t(2;8), or t(4;11)/MLL-AF4
t(8;22) �(8)

del(7)

MRDa 21–28 �10–4 after induction �10–3after induction
�10–4 or negative �10–4 or increasing during first year 
during first years of therapy

aRemains to be validated in a large, prospective series.



TREATMENT STRATEGIES IN ADULT ALL

Treatment programs in adult ALL have evolved from
the successful strategies employed in pediatric ALL and
incorporate multiple active agents into complex regimen-
specific sequential therapies. The goal of these dose-
intensive regimens is rapid cytoreduction with
restoration of normal hematopoiesis; prevention of
the emergence of drug-resistant subclones; prophy-
laxis of sanctuary sites such as the central nervous sys-
tem (CNS); and eradication of persistent MRD with
prolonged maintenance chemotherapy. Therapy is
generally divided into several phases: induction,
postremission consolidation or intensification, CNS
prophylaxis, and maintenance therapy.

REMISSION INDUCTION THERAPY
Prednisone, vincristine, and L-asparaginase, based on
pediatric regimens, formed the backbone of early trials
in adult ALL. CR rates were 40–65%, with remission
duration of only 3–7 months. However, the addition of
an anthracycline (daunorubicin or doxorubicin)
increased the CR rate to between 72 and 92%, and
increased the median remission duration to approxi-
mately 18 months.6,31–34 CR rates were similar when
different anthracyclines (daunorubicin and mitox-
antrone) were compared during induction therapy in a
CALGB trial.35 Intensification of the daunorubicin
dose during induction has been reported to improve
CR rates and DFS,36,37 and was the focus of a recently
completed trial in the CALGB.38

From several pediatric ALL clinical trials, it appears
that dexamethasone provides better antileukemic activ-
ity than prednisone; in part, this may be because of its
ability to achieve higher drug levels in the CNS.39–41 The
MD Anderson adult ALL trials have used dexametha-
sone during induction and postremission therapy as
part of their “hyper-CVAD” regimen.42 The CALGB is
exploring the substitution of dexamethasone for pred-
nisone during induction and postremission therapy.

L-Asparaginase has resulted in significant toxicities,
including hepatotoxicity, neurotoxicity, pancreatitis,
and coagulopathy in older adults with ALL, and its
importance in adult ALL regimens remains somewhat
controversial. A retrospective analysis performed by
the CALGB demonstrated a marginal benefit in DFS for
adults who received all prescribed doses of L-asparagi-
nase in comparison to those who failed to receive all
recommended doses.43 Currently, the optimization of
L-asparaginase pharmacokinetics utilizing the polyeth-
ylene glycol conjugate of this agent is being studied in
both pediatric and adult regimens.

The usual four-drug induction regimen (anthracy-
cline, glucocorticoid, vincristine, and L-asparaginase)
yields CR rates of up to 75–95% (see Table 13.2), and it
has been difficult to demonstrate further improvement
with additional drugs. The German Multicenter ALL

Cooperative Group (GMALL) has also used a 5–7-day
“prophase” with prednisone and cyclophosphamide
given prior to standard induction therapy for cytore-
duction in an effort to minimize the risk of tumor lysis
and its complications.50 Randomized studies have not
demonstrated a benefit to the addition of agents such
as cyclophosphamide or cytarabine,49,51 although the
addition of these agents to specific subsets of ALL may
improve outcome.

To avoid exposure to the toxicities of L-asparaginase,
steroids, and vincristine, investigators at Memorial
Sloan Kettering Cancer Center have studied an alter-
native induction regimen for adults with ALL. This
effective approach employs high-dose cytarabine
and mitoxantrone and has resulted in a CR rate of
84%.52 L-Asparaginase has been omitted  from the
hyper-CVAD regimen at MD Anderson.42 The key com-
ponents of hyper-CVAD consist of alternating cycles of
fractionated doses of cyclophosphamide, high-dose
methotrexate (MTX), and cytarabine with intensive
CNS prophylaxis, followed by 2 years of maintenance
with 6-mercaptopurine (6-MP), MTX, vincristine, and
prednisone (POMP). In a long-term follow-up of
results for this hyper-CVAD regimen in ALL, the over-
all CR rate was 92%. With a median follow-up of 63
months, the 5-year survival and CR duration rates
were 38%.53

CONSOLIDATION/INTENSIFICATION
Although induction CR rates are 90% in many series of
adult ALL, the long-term DFS over the last decade
remains 25–50%, despite attempts to modify and
improve postremission therapy through schedules with
a variety of drugs that are active in ALL. These agents
include oral and higher doses of intravenous MTX,
antimetabolites such as 6-MP and 6-thioguanine, low-
and high-dose cytarabine, and etoposide. In addition,
many of the drugs that are used during induction ther-
apy (anthracyclines, glucocorticoids, vincristine, and L-
asparaginase) have also been reintroduced during
postremission therapy. The value of postremission dose
intensity has been addressed in several large prospec-
tive clinical trials with promising results. In a large
phase II study from the CALGB, patients received both
early and late intensification courses of treatment with
eight drugs followed by maintenance chemotherapy
for 2 years after diagnosis.44 Compared to previous
CALGB trials where less intensive postremission ther-
apy was administered, the median remission duration
and survival improved to 29 and 36 months, respec-
tively. Investigators at MD Anderson center have also
explored dose intensification in their hyper-CVAD reg-
imen. As mentioned above, the median survival for 288
patients treated between 1992 and 2000 was 32
months, with a 5-year survival of 38%.53

Successive German multicenter trials have evalu-
ated the impact of subset-specific dose intensification
during postremission therapy.54 Recently, patients
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Table 13.2 Results of recent chemotherapy studies in adult ALL

Number CR  rate PFS% Comments
Trial Ref Year of patients Randomized Intervention /Design (%) (years)

CALGB 9111

PETHEMA ALL-89

MDACC

MRC UKALL XA

University of California
(San Francisco) #8707

GMALL 05/93

GIMEMA ALL 0288

(b) Benefit of early 
intensification

44

45

42

46

47

48

49

1998

1998

2000

1993

2002

2001

2002

198

108

203

618

84

1200

794

Yes

Yes

No

Yes

No

Yes

Yes

Benefit of G-CSF and 
consolidation

Benefit of delayed 
intensification

“Hyper-CVAD” alternating
cycles of intensive therapy 

Benefit of early or late 
intensification

Intensified/cyclical but
shortened postremission 
therapy

(a) Intensification by risk
group

(b) Intensification of 
maintenance therapy 

(a) Addition of cyclophos-
phamide to induction

aMedian survival.

23 monthsa

41% (5 years)

39% (5 years)

28% (5 years)

52% (5 years)

47% (5 years)

2 yearsa

G-CSF improved CR rates, decreased
induction deaths, but did not
improve DFS or OS 

No benefit to intensification 

No L-asparaginase/no cranial RT is
administered in this regimen

No clear benefit to intensification,
but decrease relapses in patients
with early intensification 

Approach may be effective for 
standard-risk ALL

Long-term follow up ongoing

Neither induction nor postremission
intensification improved CR or DFS

82

86

91

88

93

86

82



with standard-risk B-lineage ALL received high-dose
MTX, while T-ALL patients received postremission
cyclophosphamide and cytarabine, and high-risk B-
lineage patients received both high-dose MTX and
high-dose cytarabine.48 The median remission dura-
tion was 57 months for standard-risk patients, with a
5-year survival of 55%. However, this approach did not
appear to improve the outcome of high-risk patients
except for those with pro-B ALL who achieved a con-
tinuous CR rate of 41%, in contrast to only 19% for
other high-risk patients. The outcome for high-risk
patients, with SCT in CR1, has been explored by other
groups and is discussed below.  

NEWER “TARGETED” AGENTS
Recently, monoclonal antibodies targeted to epitopes
present on lymphoblasts have also been evaluated.
Rituximab, a chimeric humanized mouse antibody
directed against CD20, which is expressed in approxi-
mately 20% of ALL cases, is being explored as an adjunct
to standard chemotherapy in frontline and salvage ther-
apy. Initial reports suggest that its addition may improve
response rates, but with short-term follow-up55; longer
follow-up will be needed to determine its potential to
improve DFS. Campath-1H is a monoclonal humanized
form of a rat antibody active against CD52, an antigen
on nearly all normal B and T lymphocytes that may be
present on the surface of most cases of ALL.56,57 Although
the experience with this antibody in relapsed, refractory
ALL has been limited, Campath-1H has been shown to
clear blasts from the peripheral blood after failure of tra-
ditional chemotherapy.57,58 The CALGB has recently
begun testing the feasibility of incorporating Campath-
1H into the initial treatment of adult ALL in an attempt
to eradicate MRD in early CR1 (CALGB 10102). 

Other novel agents are being considered for addi-
tion to frontline therapy for this disease subset. For
example, clofarabine, a purine analog, was recently
approved for refractory or relapsed pediatric ALL.59

Nelarabine (GW506U78), a prodrug of guanosine ara-
binoside, has been shown to have activity in relapsed
precursor T ALL.60–62

CNS PROPHYLAXIS
Although only 2–10% of adults with ALL present with
CNS involvement at diagnosis,63 50–75% of patients
will relapse in the CNS at 1 year in the absence of CNS-
directed therapy.64,65 The diagnosis of CNS leukemia
requires the presence of more than five leukocytes per
microliter in the cerebrospinal fluid (CSF) and the iden-
tification of lymphoblasts in the CSF differential.66

Patients with CSF involvement may be asymptomatic,
or can present with headache, meningismus, malaise,
fever, or cranial nerve palsies. False-negative CSF results
may occur in patients with predominantly cranial
nerve involvement. Mature B-cell ALL, high serum lac-
tate dehydrogenase (LDH) levels, and high proliferative
index (more than 14% of lymphoblasts in the G2M/S

phase of the cell cycle at diagnosis) have been associ-
ated with a higher risk of CNS disease in adult ALL.63

There is no consensus regarding the best approach
for CNS prophylaxis in adult ALL. Concomitant use of
cranial irradiation and IT therapy is often toxic and
may result in delays in delivery of postremission inten-
sification therapy. Alternative strategies have included
triple IT therapy with MTX, cytarabine, and a corticos-
teroid without cranial irradiation,67 or IT therapy com-
bined with high-dose systemic therapy with CSF-pene-
trating drugs, including MTX, cytarabine, L-asparaginase,
and corticosteroids. Systemic administration of dexam-
ethasone achieves higher CSF levels than of prednisone
and has a longer half-life in the CSF than prednisone.68

As discussed previously, in a randomized pediatric trial,
dexamethasone resulted in a lower incidence of CNS
relapse compared to prednisone.39 Although some
studies suggest that CNS relapse rates of less than 5%
can be achieved in adults with ALL using combination
IT and high-dose systemic chemotherapy without cra-
nial irradiation,42,63,69 in the GMALL studies, attempts
to omit or postpone CNS irradiation led to higher CNS
relapse rates.70 The omission of CNS irradiation may be
of particular concern for patients with precursor T ALL;
the pediatric oncology groups in the United States have
generally continued to use prophylactic irradiation for
high-risk patients with T-lineage disease. Future trials
may explore a risk-oriented approach to CNS prophy-
laxis, with the goals of minimizing toxicity and opti-
mizing efficacy. 

MAINTENANCE CHEMOTHERAPY
Long-term maintenance therapy typically consists of
6-MP given daily and MTX weekly for 18–36 months,
often with the addition of periodic “pulses” of vin-
cristine and prednisone or dexamethasone. Maintenance
therapy is based on the theory of using prolonged
exposure to antimetabolites to kill slowly dividing,
potentially drug-resistant subclones remaining after
induction and consolidation therapy, and has been
demonstrated to reduce relapse rates in randomized
trials in pediatric ALL. Although there have been no
randomized studies justifying the use of maintenance
therapy in adult ALL, attempts at omitting mainte-
nance therapy in several different adult ALL studies
have yielded unchanged or inferior results.35,71,72

Importantly, there appears to be no benefit to pro-
longed maintenance therapy for patients with mature
B-cell ALL who respond well to short-term dose-inten-
sive regimens, as described below, and rarely relapse
beyond the first year of treatment.

STEM CELL TRANSPLANTATION
Allo SCT in first remission
The overall role of allo SCT in CR1 remains controver-
sial; however, for ALL patients with adverse cytogenet-
ics, including the t(9;22) and t(4;11), allo SCT in CR1 is
the treatment of choice.
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Survival for adult ALL patients following matched
sibling allo SCT in first remission is approximately 50%
(range, 20–80%).73 The International Bone Marrow
Transplant Registry (IBMTR) compared 251 patients
who received intensive postremission chemotherapy
with 484 patients who received matched sibling allo
SCT.74 Although 9-year DFS rates were similar—32%
for chemotherapy and 34% for allo SCT—a higher
recurrence rate of 66% was observed for chemotherapy
patients versus 30% for those receiving allo SCT, with
treatment-related mortality being the main cause of
failure in patients who received allo SCT. 

Allo SCT and autologous stem cell transplantation
(auto SCT) in first remission were compared in a large
French multicenter trial (LALA 87).75 Based on an
intent-to-treat analysis, survival at 10 years was 46%
for those receiving allo SCT compared to 31% for those
receiving consolidation chemotherapy alone (p 


0.04). The value of allo SCT was even more apparent
after patients were classified into standard-risk and
high-risk groups. High -risk was defined as having one
more of the following factors: presence of the
Philadelphia chromosome (Ph�), null ALL, age above
35 years, WBC count more than 30 � 109/L, and time to
CR more than 4 weeks. In the high-risk group, the over-
all survival (OS) at 10 years was 44%, versus only 11%
for the control arm (p 
 0.009). In the standard-risk
group, there did not appear to be a distinct survival
advantage for allo SCT over chemotherapy. These
results support the value of allo SCT in first CR for
high-risk patients.

Based on the results above, the LALA-94 trial evalu-
ated the benefit of a risk-adapted postremission
approach in ALL and concluded, in a recently pub-
lished paper, that allo SCT improved DFS in high-risk
ALL in first CR.76 Auto SCT did not confer a significant
benefit over chemotherapy for high-risk ALL. 

The Medical Research Council (MRC) UKALL12/
ECOG 2993 study is the largest prospective random-
ized trial designed to evaluate the role of allo SCT as
postremission therapy in adult ALL, and accrual is
ongoing.77 All patients receive two phases of induction
therapy and are assigned in first remission to receive
allo SCT if they have a histocompatible sibling donor,
while those without a related donor are randomized to
auto SCT versus consolidation and maintenance
chemotherapy. More than 1300 patients have been
recruited, and the results reported so far have focused
on the Ph� patients (n 
 875). An intention to treat
analysis showed a significantly reduced relapse rate of
24% in Ph� patients assigned to allograft (n 
 190) in
comparison to 60% for those randomized to auto SCT
or chemotherapy ( p 
 0.0001). There was an improved
5-year event-free survival (EFS) of 52% in patients
assigned to allo SCT versus 36% for the randomized
group (p 
 0.05) that was most noticeable for patients
classified as standard risk (5-year EFS of 64% for allo
SCT vs 46%, p 
 0.05). In contrast to the LALA study,

these data suggest that allo SCT may be beneficial for
all younger adult ALL patients (of age below 50) in first
remission, regardless of risk group; however, the trial is
ongoing and definitive conclusions cannot yet be
made.

Recently, the French Cooperative Group (GOE-
LAMS) published its results of 198 patients with pre-
cursor B ALL who were randomized to early allo SCT in
CR1 (if HLA-matched sibling donor available) or to
consolidation/intensification therapy followed by
auto SCT in CR1.78 These investigators found a signifi-
cant benefit to allo SCT in CR1. Using an intent to
treat analysis, OS at 6 years was 75% for ALL patients
younger than 50 years who received allo SCT, com-
pared to 40% for those receiving auto SCT.

Autologous Stem Cell Transplantation
The prospective, randomized studies described above
in adult ALL demonstrate that relapse-free survival is
inferior for auto SCT when compared to allo SCT.
Moreover, no advantage in survival has been demon-
strated with auto SCT compared with continued
postremission chemotherapy alone.79 DFS at 3 years
following auto SCT in first remission in two of the
largest trials reported was only 28–39%,80–82 which is
not better than survival rates reported in recent
chemotherapy trials of adult ALL. Therefore, auto SCT
does not currently have a role in the treatment of ALL,
outside of the setting of a clinical trial.

RISK-ADAPTED THERAPY

MATURE B-CELL ALL 
Clearly, a separate disease from the precursor cell acute
leukemias, mature B-cell (Burkitt-type) ALL, is the least
common subtype of ALL, comprising fewer than 5% of
adult ALL cases. Patients with mature B-cell ALL must
be identified at diagnosis, as specific therapeutic strate-
gies have been shown to improve outcome dramati-
cally for this disease subset. 

Although the peak incidence is seen in children and
young adults, patients older than 60 years make up one-
third of adult cases.83 The distinction between mature
B-cell ALL and Burkitt lymphoma with marrow involve-
ment is arbitrary; absence of extramedullary disease
would favor the former.84 Lymphoblasts of the FAB-L3
subtype express monoclonal surface immunoglobulin
(sIg) along with B-cell-associated antigens CD19, CD20,
and CD22. Certain characteristic cytogenetic abnor-
malities define the disease: The t(8;14), t(2;8), or
t(8;22) represent variant translocations of the c-myc
proto-oncogene at band 8q24 to the immunoglobulin
gene at either the heavy chain or light chain locus,
respectively. 

The recent improvements in outcome for adults with
mature B-cell ALL have resulted from adaptation of suc-
cessful pediatric regimens. The French were the first to
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apply pediatric protocols to the therapy of adults with
mature B-cell ALL, and were able to provide a CR rate of
79%, with a 3-year OS of 57%.85 In what remains as the
largest published series of adults to date with this disor-
der, Hoelzer et al. reported CR rates of 63 and 74%, and
4–8-year OS rates of 49–51%, respectively, in 59 adults
treated with the pediatric Berlin-Frankfurt-Münster
(BFM) protocols B-NHL 83 and B-NHL 86.86 These pro-
tocols shared several important components: a cytore-
ductive prephase with low-dose cyclophosphamide
and prednisone given 1 week before the start of inten-
sive therapy, intermediate- to high-dose cytarabine,
podophyllotoxins, doxorubicin, vincristine, high-dose
MTX, fractionated high-dose cyclophosphamide/ifos-
famide, aggressive IT chemotherapy, and tailored cra-
nial radiotherapy for patients with CNS disease, all
given in repeated cycles of short duration over a 4–6-
month period. Relapse rarely occurred after the first
year; thus, prolonged maintenance was not necessary.  

An alternative successful approach using similar
principles is the hyper-CVAD regimen developed at
the MD Anderson Cancer Center.87 Twenty-six
patients with B-cell ALL and a median age of 58 years
were treated with eight cycles of hyperfractionated
cyclophosphamide, vincristine, doxorubicin, and dex-
amethasone, alternating with courses of high-dose
intravenous MTX and cytarabine, with prophylactic
CNS therapy consisting of MTX and cytarabine. A CR
rate of 81% was attained, with a 3-year OS of 49% and
a 3-year DFS of 61%. Overall, the hyper-CVAD regimen
produced favorable results for all patient subsets,
except for those presenting with very high LDH, CNS
disease, and age over 60 years.

To improve response rates, the CALGB has also
recently studied two separate cohorts of patients with
advanced Burkitt lymphoma and mature B-cell ALL
treated with intensive, pediatric-derived protocols,
with the two cohorts differing in degrees of CNS-
directed therapy given.88,89 The first cohort was treated
with a modified GMALL BFM protocol consisting of a
pretreatment phase, fractionated ifosfamide and
cyclophosphamide, high-dose MTX, vincristine, dex-
amethasone, and doxorubicin, alternating with etopo-
side and cytarabine by continuous infusion. Triple IT
CNS therapy and prophylactic cranial irradiation were
given to all patients. For the 24 B-cell ALL patients, CR
rates of 75% were attained, with 3-year leukemia-free
survival (LFS) and OS of 61 and 46%, respectively.
Significant and often irreversible neurologic toxicity
was noted with this intensive CNS-directed therapy; it
was thus amended to reduce the number of IT injec-
tions, and cranial irradiation was omitted except
for those with overt CNS or high-risk disease. A sec-
ond cohort with this modified approach resulted in
CR, 3-year LFS, and OS rates of 68, 67, and 50%,
respectively, and CNS failure rates were not increased.
Most importantly, severe neurologic toxicity was dra-
matically reduced from 60 to 23%. The authors con-

cluded that high-dose antimetabolites and IT
chemotherapy alone can prevent CNS failure, and cra-
nial radiotherapy may be omitted in the absence of
proven CNS involvement. The results of these and sev-
eral other treatment programs that have been devel-
oped for Burkitt lymphoma and mature B-cell ALL are
summarized in Table 13.3.

Recently, the therapeutic focus for mature B-cell
ALL has turned to the addition of the monoclonal
antibody, rituximab, for these strongly CD20+

leukemias. Preliminary results of the MD Anderson
group, in which combining rituximab was combined
with the hyper-CVAD regimen, demonstrated a CR
rate of 93% and 1-year DFS of 86%.94 Their preliminary
data suggest a particular advantage for older adults
treated with this approach. The CALGB also has a
phase II study under way, in which patients with
Burkitt lymphoma and leukemia are treated with rit-
uximab and a high-intensity chemotherapy regimen.
The GMALL study group has a similar prospective trial
underway, with rituximab for the treatment of B-cell
ALL and Burkitt lymphoma.

For treatment of advanced Burkitt lymphoma and
mature B-cell ALL, both allo SCT and auto SCT are gen-
erally reserved for salvage therapy in relapsed or refrac-
tory disease. The general consensus has been that there
is no role for this therapy in first CR in the standard-
risk patient, as intensive high-dose chemotherapeutic
regimens now yield such high CR rates and few long-
term relapses. However, allogeneic stem cell transplant
may be considered for patients with high-risk present-
ing features or for those failing to attain a CR within 4
weeks of initiation of therapy.

PHILADELPHIA-CHROMOSOME-POSITIVE ALL
The t(9;22) occurs in 20–30% of patients with adult
ALL. Although the remission rate is approximately
60–80% with intensive induction therapy, Ph� ALL is
not considered curable with standard chemotherapy,
with long-term survival rates of less than 10%.29,95 To
improve outcome in Ph� ALL, efforts have focused on
dose intensification with allo SCT in first remission,
which is currently the recommended treatment. In a
preliminary report from the MRC UKALL X11/ECOG
E2993 study, the EFS was 38% at 3 years for 35 patients
with Ph� ALL who received postremission allo SCT in
CR1, compared to only 5% for those who received
postremission chemotherapy or auto SCT in CR1.96

Although difficult to compare because of variability in
patient characteristics and treatment regimen, other
small series report survival rates between 30 and
60%,97–102 and all share the conclusions that Ph� ALL
patients appear to do best when an allo SCT is per-
formed in first remission. For Ph� ALL patients with-
out HLA-matched sibling donors, the efficacy of
matched unrelated donor (MUD) transplants has also
been evaluated. In one small series of 18 young
patients (median age was only 25 years) with Ph� ALL
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Table 13.3 Adult mature B-cell ALL studiesa

Number of Elderly patients Median M/F CR DFS OS Induction
Author/protocol Patients Age range (%) age ratio (%) (% years) (% years) mortality (%)

Fenaux84/ 7 17–66 NA 32 7 87 57       7mos 50       1 12
Protocol 3 (plateau)
LMB-86 1

Soussain85/ 28 17–65 25 29.5 1.6 79 57       3 57       3 11
LMB-84/86

Hoelzer86/ 24 15–58 28 33 3.8 63 50       8 49       8 8
B-NHL 83 35 18–65 36 3.4 74 71       4 51       4 9
B-NHL 86

Todeschini90/ 7 19–64 NA 35 3 100 NR EFS      Mean  f/u 0
POG 8617 75       28months

Thomas87/ 26 17–79 46 58 4.2 81 61       3 49       3 19
Hyper-CVAD 58

Magrath91/ EFS
77-04 11 18–56 NA 24 3.3 NR NR 19       2 NR
NCI 89-C-41 3 18–59 25 4 100 100     2 100     2 0

Mead92/
CODOX-M/ All stages 39 16–60 NA NR NR 74 NR 70       2 NR
IVAC Stage IV only 26

Lee88/ Stage IV/L3 All stages All stages All stages 
CALGB 9251 43 18–72 19 44 1.8 80 65       3 52       3 4

L3 only 24 20–72 35 45 5 L3 only 75 L3 only L3 only
61       3 46       3 4

Rizzieri89 All stages
CALGB 9251 40 17–78 23 50 4 68 67       3 50       3 12
(Cohort#2) Stage IV only

34

Oriol93/ All stages L3 only All stages L3 only All stages
PETHEMA- 39 15–74 17 35 1.8 68 60       2 39       2 18
LAL3/97 L3 only

25

Thomas94 All stages
Rituximab and 15 27–72 N/A 50 5.3 93 86       1 NR NR
Hyper-CVAD

CR, complete remission; LFS, leukemia-free survival; OS, overall survival; EFS, event-free survival; NR, not recorded; L3, mature B-cell ALL.
a Only data for intensive, high-dose chemotherapy protocols included; includes patients with mature B-cell ALL or stage IV Burkitt lymphoma unless specified, some data extrapolated.



who underwent a MUD allo SCT, the DFS at 2 years
was 49% in this selected group, which is similar to the
rates reported for HLA-matched sibling transplants.101

With improvements in graft-versus-host disease pro-
phylaxis, MUD transplants are also being explored in
older patients with Ph� ALL in CR1.

Imatinib mesylate (STI571, Gleevec; Novartis, East
Hanover, NJ), a selective inhibitor of the BCR-ABL
tyrosine kinase,102 has shown promise in the treatment
of Ph� ALL. A CR rate of 29% was achieved in a group
of 56 recurrent and refractory Ph� ALL patients who
received imatinib at 400 mg or 600 mg daily,103

although only 6% of patients sustained a response of
at least 4 weeks. Because of these promising results in
highly refractory patients, imatinib is being tested by a
number of groups for its ability to reduce disease burden
prior to and following allo SCT or auto SCT (for patients
without an HLA-matched sibling donor) for Ph� ALL in
CR1.104–107 Preliminary results from these studies are
encouraging, with high CR rates (79–100%) when ima-
tinib was combined with induction chemotherapy. The
majority of these patients were eligible for an allo SCT
in early CR1. With limited follow-up, DFS rates of
78–90% are reported in these studies.

Combining imatinib with nontransplant chemother-
apy may be a particularly promising approach for
older Ph� patients for whom allo SCT may not be fea-
sible. The GMALL has initiated a randomized multi-
center phase II study to determine the safety and effi-
cacy of imatinib in Ph� ALL patients greater than 55
years of age as first-line single-agent induction therapy,
with administration of postremission consolidative
chemotherapy for a duration of up to 1 year. Preliminary
results suggest that combination treatment is tolerable,
and early response rates appear favorable, with a CR
rate of 93% for older Ph� patients (median age of 67).
This impressive CR rate compares favorably to a his-
torical control CR rate of only 44% for a similar older
high-risk group of patients.108 Second-generation-tar-
geted tyrosine kinase inhibitors (nilotinib, Novartis,
Hanover, NJ, and dasatinib, Bristol-Myers Squibb, NY)
that overcome imatinib resistance are now being
tested in patients with relapsed Ph� ALL. Thus, it
appears that the principles that have resulted in the
spectacular success of molecular targeted therapy
using imatinib in patients with CML may now be
applied to improve outcome for this most challenging
subset of ALL.

ALL WITH 11q23 (MLL) ABNORMALITIES
The t(4;11)(q21;q23) is the most common recurring
abnormality involving the MLL gene on chromosome
11q23, and it occurs in 5–10% of adult ALL cases.109–111

Patients often present with high leukocyte counts,
hepatosplenomegaly, and CNS involvement. Survival
for these patients is poor with chemotherapy alone,
with DFS less than 15% at 5 years.29 In contrast, when
an allo SCT is performed in CR1, the GMALL reported

more than 50% of patients with the t(4;11) achieving
long-term DFS.112 These investigators attributed their
good results to the combination of high-dose cytara-
bine and mitoxantrone intensification followed by
allo SCT. Based on these data, the current recommen-
dation is to identify a donor for allo SCT early in CR1
for patients with the MLL gene rearrangements. In
addition, they may benefit from intensive cytoreduc-
tion with a high-dose cytarabine-based regimen that
may be given as early consolidative therapy while a
suitable donor is being identified.

AGE-STRATIFIED THERAPY

A series of systematic clinical trials in children with
ALL has resulted in such high cure rates for the major-
ity of patients (EFS of more than 75% for most
patients) that current risk-adapted clinical trials in the
pediatric cooperative groups are beginning to explore
less intensive therapy for very good risk patients, with
the goal of achieving similar results with fewer long-
term side effects. In contrast, as discussed in detail
above, the outcome for ALL in adults is considerably
less favorable, with overall cure rates of less than 30%.
Factors contributing to this marked difference include
significant differences in the molecular genetics of
adult ALL, with a higher incidence (30% in adults and
5% in children) of the unfavorable (9;22) Philadelphia
chromosome translocation in adults and a virtual
absence of the favorable TEL-AML1 fusion gene result-
ing from a cryptic translocation, the t(12;21).113–115 In
addition, other negative risk factors include comorbid
medical conditions in the aging population and
poorer tolerance of chemotherapy, particularly of
intensive treatment with L-asparaginase and higher
dose MTX, drugs that have been used with great suc-
cess in the pediatric population.116

ADOLESCENT ALL
From subset analyses of both pediatric and adult ALL
clinical trials, the adolescent and young adult (AYA)
population has a distinctive outcome. In pediatric
studies, adolescents are considered a high-risk group,
receiving more intensive treatment with the intent of
improving outcome to achieve the successes noted in
good-risk children of age 2–10.117,118 In the adult coop-
erative groups, AYA have traditionally received similar
treatment to older adults and have been viewed as a
relatively good risk group.5 Several retrospective analy-
ses have recently unveiled some striking differences in
the outcome of AYA patients, depending upon “the
door” they enter at the time of their diagnosis in deter-
mining enrollment on pediatric versus adult clinical
trials.119–121 Retrospective comparisons of pediatric ver-
sus adult clinical trials for ALL in North America,
France, and the Netherlands all reached similar con-
clusions: AYA patients fared significantly better when
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they were treated on pediatric protocols, despite that
CR rates for AYA patients were generally comparable
between adult and pediatric trials (Table 13.4). 

Factors Affecting Treatment Outcome: Drug Dosage,
Schedule, the Doctors, and the Patients
All of these studies have engendered vigorous debate
about whether the disparity in outcome for AYAs on
pediatric versus adult trials can be accounted for pri-
marily by differences in the drug regimens and
planned dose intensity, or whether the precision with
which actual dose was delivered might have a signifi-
cant role in patient outcome. In general, the pediatric
regimens contained significantly higher cumulative
doses of nonmyelosuppressive drugs, including gluco-
corticoids, vincristine, and L-asparaginase. In addition,
more frequent IT therapy was administered in the
pediatric regimens, and maintenance therapy was gen-
erally administered for longer periods of time. As these
are retrospective studies, dose delivery has been diffi-
cult to examine and may be influenced significantly by
differences in adult versus pediatric physician attitude
and experience with treatment of ALL. In addition, the
attitudes, family support, and compliance of AYAs
treated by adult versus pediatric oncologists may be
different and relevant.

OLDER ADULTS WITH ALL
A review of the annual age-specific leukemia incidence
in the United States underscores the observation that
ALL is relatively uncommon in the middle adult years,
but increases rapidly in incidence over the age of 60.
These patients have only rarely been included in clini-
cal trials, and as yet, there are no optimal treatment
programs available.

In a recent report from the northern counties of
England, approximately one-third of ALL cases in
adults occurred in patients older than 60 years.122

Various treatment approaches have been taken in this
older group of patients, but the outcomes are uni-
formly poor (Table 13.4). Investigators at the MD

Anderson Hospital have reported on 52 patients
treated with infusional vincristine, adriamycin, and
dexamethasone (VAD). This regimen produced a high
CR rate with relatively low toxicity in older patients.6

In the most recent CALGB trials, a CR rate of 65% was
observed in older patients (60–80 years old, with a
median age of 65).5,44 Nevertheless, the 3-year sur-
vival in all three of these reports remains poor. The
low tolerance of elderly patients for intensive
chemotherapy remains one of the obstacles to
increasing the overall cure rate in adults.123 It is now
estimated that as many as 40–50% of patients older
than 60 years are Ph�; therefore, the focus on novel
nonmyelosuppressive molecular targeted treatment
strategies, as discussed above, is particularly needed
for this very high risk group of patients. As previously
discussed, the promising early results of combination
chemotherapy with imatinib in older patients with
Ph� ALL are an example of the potential to signifi-
cantly improve CR rates and, perhaps, OS in elderly
patients with ALL.

SUPPORTIVE CARE 

Infectious disease complications secondary to neu-
tropenia are the primary cause of treatment-related
morbidity and mortality in acute leukemia, and the
risks seem to be especially high in older patients.44

Several studies have focused on preventing prolonged
neutropenia in adults with ALL, with prophylactic use
of granulocyte-stimulating growth factors.44,124 Two
sequential studies of granulocyte colony-stimulating
factor (G-CSF) use during induction therapy per-
formed by the GMALL demonstrated a reduction in
the duration of neutropenia, a reduction in the num-
ber of nonviral infections, and less frequent interrup-
tions in chemotherapy schedules. These benefits, how-
ever, did not translate into improved DFS or OS.125

In 1998, the CALGB published results of its large,
prospective, randomized trial of G-CSF given during
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Table 13.4 Outcome comparison of adolescent/young adults with ALL on pediatric versus adult clinical trials

Study period/ 
Cooperative group number of patients Age (years) CR (%) EFS (%)

North America119

CCG 1882 (pediatrics)
CALGB 8811–9511 (adults)

French120

FRALLE-93 (pediatrics)
LALA-94   (adults)

Dutch121

SKION ALL 6–9 (pediatrics)
HOVON 5 and 18 (adults)

1988–1998
196 patients
103 patients

1993–1994
77 patients
100 patients

1985–1999
47 patients
73 patients

16–21

15–20

15–21

96
93

94
83

98
91

64
38

67
41

69
31
46



induction and consolidation chemotherapy.44 Subjects
who received G-CSF required fewer days to neutrophil
recovery following induction chemotherapy for ALL.
Subjects in the G-CSF group also had a shorter hospi-
talization time, a higher CR rate (87% vs 77%), and
fewer induction deaths (5% vs 11%). However, G-CSF
did not allow for a compressed course of chemother-
apy or shorten the overall time required to undergo
induction and consolidation. Nevertheless, in patients
older than 60 years, the CR rate for patients receiving
G-CSF was 81%, compared with 55% in the placebo
arm. Despite the improvement in CR rates in older
adults, however, none of the studies has demonstrated
improvement in DFS or OS when hematopoietic
growth factors were added to standard therapies.126

TREATMENT ALGORITHM

Our current approach to treatment of adult ALL is
beginning to incorporate these principles of risk
adapted therapy. We advocate strongly the participa-
tion in clinical trials for adults with ALL. For younger
patients, we have turned our focus to trying to achieve
the same improvements in outcome noted by the pedi-
atric cooperative groups for high-risk adolescents,
where DFS is now routinely over 70%. To this end, an
intergroup trial (CALGB and SWOG) will treat patients
younger than 30 years with a regimen that is currently
being used in the Children’s Oncology Group (COG)
for all adolescents and other high-risk children with
ALL. The ECOG continues to explore the benefit of allo
SCT in first remission for suitable younger patients, and
their preliminary results also appear encouraging.

Current clinical trial efforts for adults with precur-
sor B and T ALL have been directed toward the addi-
tion of novel targeted agents to reduce MRD and pro-
long DFS. Based on preliminary results from the
GMALL and MD Anderson Cancer Center, the incorpo-
ration of rituximab into front-line therapy for CD20�

precursor B ALL appears promising. The ongoing
CALGB study, as noted above, explores the substitution
of dexamethasone for prednisone during induction and
postremission therapy, and incorporates an alternative
monoclonal antibody, Campath-1H, during postremis-
sion therapy for CD52� precursor B and T ALL. 

For suitable patients with a t(9;22), t(4;11), or other
high-risk ALL, an allo SCT in first remission remains
our treatment of choice. For the t(9;22) patients, the
addition of imatinib to frontline therapy may improve
outcome. We are participating in a US intergroup trial
that explores the addition of imatinib pre- and post-
stem cell transplant. Based on the exciting preliminary
results described above in the section on Ph� ALL, the
incorporation of imatinib into standard induction and
postremission therapy for older patients with ALL is
rational, appears to be well tolerated, and significantly
increases CR rates, with further follow up needed to
validate the improvement noted in DFS and OS. 

Finally, the outcome for patients with mature B-cell
ALL has steadily improved, using short course-inten-
sive therapy with fractionated alkylating agents, high-
dose MTX and cytarabine, and intensive CNS prophy-
laxis. The addition of rituximab for these strongly
CD20� patients may further improve response rates
and has been incorporated into frontline therapies for
mature B-cell ALL in both North American and
European cooperative group trials.
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INTRODUCTION

This chapter will define remission, prognosis, and
follow-up criteria for acute lymphoblastic leukemia
(ALL). As opposed to acute myeloid leukemia (AML),
where the International Working Group has estab-
lished the definitions1 [see Chapter 8], no such project
was undertaken in ALL.

DEFINITION OF REMISSION

The importance in achieving a consensus on the defi-
nition of remission is to allow comparison of results
from an assortment of studies and different institu-
tions to provide the basis on which to make decisions
about the care of patients. Consensus, as such, is
required, but its achievement is compounded by the
quality of the bone marrow specimen and the experi-
ence of the pathologist evaluating it. A morphologic
complete remission (CR) is defined as having a neu-
trophil count �1.0 � 109/L, platelet count �100 �

109/L, normal bone marrow cellularity with trilineage
hematopoiesis, with �5% blasts and resolution of all
extramedullary disease.1Note that hemoglobin con-
centration or hematocrit are not included when evalu-
ating remission status, but the patient has to be trans-
fusion independent. Partial remission (PR) is not used
for studies in which the objective is cure, but is used
for phase I and II studies, conducted in patients with
refractory or relapsed disease. In such cases, the aim is
to record any significant activity. PR is then defined as
�5% but �20% blasts. 

HEMATOGONES
Occasionally it is difficult to distinguish between per-
sistent disease and the presence of hematogones.2–4

Hematogones are nonmalignant lymphoid progenitor
cells found in the bone marrow, and are similar to
lymphoblasts. Hematogones are usually heterogenous
in size and are nonclonal. If the ALL blasts express

myeloid markers, the hematogones, by definition, are
devoid of these and therefore can be distinguished
from leukemia blasts. If the hematogones do not
express myeloid markers, it is difficult to distinguish
them from leukemia blasts. Most experts would rec-
ommend repeating marrow examinations, weekly or
every other week, until either the disappearance of the
hematogones or emergence of the leukemic clone.

MORPHOLOGIC CR
Morphologic CR without complete recovery of platelet
count is not considered a category of CR in AML
patients.1 The same is true for ALL patients. Time to
platelet recovery seems to predict outcome of patients
with de novo ALL who have achieved CR.5 In one
study, patients who did not achieve platelet recovery
by day 48 had a significantly worse outcome than those
who achieved platelet recovery by day 12. Therefore, in
ALL, morphologic CR without platelet count recovery
(�100 � 109/L) should not be regarded as CR.

Finally, the definition of CR in AML was previously
associated with a requirement for a 4-week duration of
persistent remission to qualify as a CR. However, in
ALL, postremission therapy is administered without
any delays, and therefore the definition of CR should
not be time dependent; retrospective designation of
CR based on subsequent clinical course is not recom-
mended. This correlates with the recently revised defi-
nition of CR in AML.1

IMMUNOPHENOTYPIC CR
Patients who achieve morphologic CR can be further
categorized based on additional and more sensitive
methods. Flow cytometry identifies leukemia-associated
marker patterns on the surface of, or inside, the blasts.
These patterns include over-expression (e.g., for B lin-
eage: CD10, CD19, CD20) as well as under-expression
(e.g., CD45) of markers compared with their expres-
sion on normal lymphoid cells. Overall, persistence of
a unique phenotype determined by flow cytometry,
e.g., CD10 and CD20 coexpression, has been associ-
ated with worse outcome and should be viewed as
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residual disease.6–15 However, the sensitivity and relia-
bility of these tests depend on the number of cells to
be analyzed (Table 14.1). Flow cytometry allows detec-
tion of one abnormal cell in 106 cells, if at least 107

cells are analyzed. Such large numbers are rarely avail-
able during remission, and therefore a more realistic
sensitivity to detect minimal residual disease would be
one abnormal cell in 104–105 cells.16 This level of sen-
sitivity is achievable only if the antibodies can clearly
distinguish the leukemic blasts from normal cells. In
addition, antibodies with nonspecific light scattering
will lower the sensitivity of the test. It is therefore rec-
ommended to use serially diluted leukemic blasts with
normal cells to confirm the level of sensitivity. Finally,
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clonal evolution may cause disappearance of one or
more antigens detected at diagnosis.17–23 Therefore,
after taking into consideration all the caveats men-
tioned above, lack of minimal residual disease by
quantitative flow cytometry at the end of remission
induction therapy was associated with better clinical
outcome in some studies of adult ALL patients.10,13–15

However, because of a multitude of methods and lack
of consensus, it is still not possible to make a clear rec-
ommendation of how to use flow cytometry to detect
minimal residual disease. 

CYTOGENETIC CR
There are no prospective studies to evaluate the role of
complete cytogenetic remission in ALL. Cytogenetic
analysis, based on at least 20 metaphases, can detect
one residual metaphase, resulting in a sensitivity of 5%.
As was described earlier, flow cytometry and molecular
testing (see below) can detect one abnormal cell in
103–104 normal cells. Minimal residual disease, detected
by either of these two methods, was proven to be an
independent prognostic factor in ALL (see above for
flow cytometry and below for molecular target).
Therefore, complete cytogenetic remission should be
evaluated prospectively in ALL clinical trials to deter-
mine its significance for the prediction of outcome.

MOLECULAR CR
Molecular CR has been associated with clinical outcome
in ALL12,24–40 (Table 14.2). However, the degree of sensi-
tivity may have an impact on the correlation with clin-
ical outcome. For example, Roberts and colleagues41

detected one abnormal cell in 105 or more normal cells,
and concluded that their finding did not predict relapse
because the test either detected preleukemic or nondi-
viding cells. Detecting one abnormal cell in 104 or fewer

Table 14.1 Sensitivity of minimal residual disease 
detection by flow cytometry

Disease Sensitivitya References

Adult T ALL 1: 1 � 104 13

ALL (age �14 years old) 1: 2 � 103 14

Adult and childhood ALL TdT �100 � 103, 10
CD10 �50 � 103,
CD19 �11 � 103b

Childhood ALL 1:1 � 104 11

Childhood ALL 1:1 � 104 12

Childhood ALL 1 blast/	L 15

Pre-B cell line 1:1 � 106 6

Breast cancer 1:1 � 107 7

Breast cancer 1:1 � 107 8

aRatio of malignant cell and normal nonmalignant cells.
bMolecules per cell.

Table 14.2 Sensitivity of minimal residual disease detection by molecular analyses

Disease Molecular target Sensitivity References

ALL (age ≥15 years old) IgH 1–5:102–103 29
ALL (age ≥15 years old) TCRD, TCRG 1:103–105 31
Adult and childhood ALL IgH 1:5 � 103 24
Adult and childhood ALL IgH, IgK, TCRD, TCRG 1:104 to 1: 106 27
Adult and childhood ALL IgH, IgK, TCRD, TCRG 1:103 to 1: 106 12
Adult and childhood ALL TCRD, TCRG, TAL-1 NOS 32
Adult and childhood ALL TCRB 1:5 � 104 39
Adult ALL lgH, IgK, TCRB, TCRD 1:104 to 1:105 38
Childhood ALL IgH, TCRD, TCRG 1:106 34
Childhood ALL IgK-Kde, TCRD, TCRG, TAL-1 1:103–106 25
Childhood ALL IgH, TCRD, TCRG 1:105 26
ALL (NOS) WT1 1:106 30
ALL (NOS) WT1 100 copies/100-ng cDNA 28
Adult ALL WT1 1 copy:105 ABL copies 35
BCR/ABL-ALL (NOS) BCR/ABL 1:105 36,37
MLL/AF4-childhood ALL MLL/AF4 1:103 40
Childhood ALLa HOX11L2 Normalized to ABL 33

NOS: not otherwise specified. 
aOnly 2 patients were followed for MRD.



normal cells has been shown to predict out-
come,24,26,28,29,31–35,39,40 while others were able to
demonstrate prediction of outcome with more sensi-
tive tests.12,25,27,30,34,36 These tests varied in their tech-
niques, studying either tumor-specific DNA to detect
residual malignant B cells by immunoglobulin gene
rearrangement or residual malignant T cells by T-cell
receptor genes,12,24–27,29,31,32,38,39 or tumor-specific RNA
to detect fusion gene transcripts (e.g., BCR/ABL,
TEL/AML1, MLL/AF4)36,40,42,43 or aberrantly expressed
genes [e.g., FLT3,33,44 WT1,28,30,35 HOX1133]. The tests
also differed in the time points to analyze minimal
residual disease, e.g., day 11 versus end of induction.
Therefore, a molecular CR must incorporate the sensi-
tivity of the test and timing, and also the gene analyzed
to allow comparisons among different studies. Because
of these issues, it is not possible to make a clear recom-
mendation of how to use molecular testing to detect
minimal residual disease outside of a correlative study
to a clinical trial.

TREATMENT FAILURE
Treatment failure has not been defined specifically for
ALL, and therefore the revised criteria set forth recently
for AML should be used,1 with some modifications.
Treatment failure includes all patients who did not
achieve a CR, or in phase I or II trials, a PR, and should
be subclassified into several categories. “Treatment fail-
ure due to refractory disease” should be defined differ-
ently than it is in AML1 because the induction treat-
ment in ALL spreads over at least 3 weeks. One could
define treatment failure as patients who have persistent
peripheral blood blasts 7 days from initiation of induc-
tion treatment,45,46 or persistent bone marrow blasts
(�5%) 14 days from initiation of induction treat-
ment.45,46 Table 14.3 demonstrates the number of
patients analyzed for each recommendation.
“Treatment failure due to complications from aplasia”
was described in AML1 but, to the best of our knowl-
edge, was not described in ALL. “Finally, treatment fail-
ure of indeterminate cause” should be defined for ALL. It
can include two categories as described for AML1 with
modifications due to different treatment regimens.
One category should include those patients who die
less than 7 days after initiation of treatment and the
other category should include those patients who sur-
vive seven or more days after the initiation of treat-

ment, whose most recent peripheral blood smear does
not show persistent leukemia, and who did not have a
bone marrow examination subsequent to therapy. 

RELAPSE
Relapse is defined as in AML1: that is, morphologic
relapse, after achievement of CR, is the reappearance
of leukemic blasts in the peripheral blood or �5%
blasts in the bone marrow, or the reappearance of cyto-
logically proven extramedullary disease. Genetic or
molecular relapse is defined by reappearance of a cyto-
genetic or molecular abnormality.

PROGNOSTIC FACTORS

Prognostic factors in adult ALL represent an evolving
concept and depend on the advent of new research
findings. Independent prognostic factors that were
established by more than one group are summarized in
Table 14.4. Other prognostic factors that emerged in
small studies asking a particular question about one or
another factor are beyond the scope of this Chapter. 

FOLLOW-UP

The follow-up of ALL patients is intended to measure
the duration of survival or remission. As in AML,1 four
different categories are used: overall survival, relapse-
free survival, event-free survival, and remission dura-
tion. The main reason to have an assortment of defin-
itions is to handle the possibility of competing events.
For example, there can be two competing events for
survival: relapsed disease or massive myocardial infarc-
tion. Even though both are fatal, only one counts
toward ALL treatment outcome.80,81 In another man-
ner, the massive myocardial infarction may have pre-
cluded ALL relapse from occurring. 

OVERALL SURVIVAL
Overall survival is measured from the time of diag-
nosis to the time of death from any cause. If the
patient is not known to be deceased, overall survival
is censored on the date the patient was last known to
be alive. Overall survival is usually not subject to
competing risks. However, if overall survival follow-
ing regimen A is sought, and the patient is then
undergoing an allogeneic transplantation and dies
from transplant-related complications, death from
transplantation becomes a competing risk for regi-
men A. 

RELAPSE-FREE SURVIVAL
Relapse-free survival is used only for patients who
achieve CR and is calculated from the date CR was
attained to the time of relapse or death, whichever
occurs first. As described above, if the patient is not
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Table 14.3 Number of patients analyzed for persistence
of peripheral blood and bone marrow blasts during
remission induction

Number of patients Reference

Day 7 255 45
Day 7 79 46
Day 14 299 45

Day 15 437 47



known to have relapsed, or deceased, relapse-free
survival is censored on the date the patient was last
seen. Relapse-free survival is not subject to competing
risks.

EVENT-FREE SURVIVAL
Event-free survival is measured from the date of diag-
nosis until treatment failure, defined as either resistant
disease, disease relapse, or death from any cause,
whichever occurs first. If none of these events occur,
the event-free survival is censored at the date the
patient was last seen. Event-free survival, for patients
who do not achieve a CR, is defined as the time to pro-
gression, or death, whichever occurs first. As with

overall survival and relapse-free survival, event-free
survival is not subject to competing risks. 

REMISSION DURATION
Remission duration, as the name suggests, is reserved
only for patients who achieve CR, and is calculated
from the date CR was attained to the date of relapse. For
patients who die without a report of relapse, remission
duration is censored at the date of death, regardless of
the cause. Finally, for patients whose disease does not
relapse, remission duration is defined until the day the
patient was last seen. This is the only measure, of the
above four, as defined by Cheson and colleagues,1 sub-
ject to competing risks (e.g., death without relapse). 
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Table 14.4 Prognostic factors in adult ALL

Risk factor Note

Age Age at diagnosis is one of the most important pretreatment risk factors, with advancing age 
being associated with a worse prognosis. Chronic and intercurrent diseases impair 
tolerance to aggressive therapy; acute medical problems at diagnosis may reduce the 
likelihood of survival.48–58

■ High risk: age �60 years

Performance status Performance status, independent of age, also influences the ability to survive induction 
therapy, and thus respond to treatment.54,57

■ High risk: poor performance status.

Leukocyte count A high presenting leukocyte count is an independent prognostic factor; duration of CR is 
inversely related to the presenting leukocyte count.48–50,53,55,58–61

■ High risk: leukocyte count �30,000/	L in B-lineage disease and �100,000/	L in 
T-lineage disease

Immunophenotype Immunophenotype at diagnosis is an independent prognostic factor. In brief, T-lineage 
immunophenotype confers better outcome than B lineage and the presence of 6 or more 
T-cell markers is associated with favorable prognosis.48,54,61–63

■ High risk: B-lineage disease. 

Karyotype Chromosome findings at diagnosis are an independent prognostic factor. In brief, 
t(9;22), �8, t(4;11), �7, and hypodiploid karyotypes are associated with unfavorable 
outcome; normal karyotype, �21, and del(9p) or t(9p) confer an intermediate outcome; 
and del(12p) or t(12p) and t(14q11-q13) may be associated with favorable 
outcome.48,54,55,61,64–70

■ High risk: t(9;22), �8, t(4;11), �7, and hypodiploid karyotypes

HOX11 oncogenea The expression of HOX11 oncogene has a favorable outcome in adult T-lineage ALL.71

■ High risk: lack of HOX11 gene expression

Multidrug resistance The expression of multidrug resistance proteins is associated with an unfavorable outcome in
adult ALL.72–77

■ High risk: expression of multidrug resistance proteins

Bone marrow biopsy morphology Persistence of normal residual hematopoiesis and intense leukemic cells mitotic activity are 
associated with favorable outcome.78

Lactic dehydrogenase (LDH) level High LDH level is associated with poor outcome54 and with CNS disease in some studies.54,79

■ High risk: elevated LDH

Cytoreduction Eradication of the leukemic blasts from the peripheral blood or bone marrow at day 7 or day 
14 was shown to be associated with a favorable outcome.45–47,53

■ High risk: lack of cytoreduction

Achievement of CR In addition to pretreatment variables, achievement of CR correlates with prognosis in 
ALL.58,61

■ High risk: lack of achievement of CR with the first cycle of chemotherapy

aEven though this factor was described only once in adult ALL, several studies described its significance in pediatric ALL and therefore this
factor is mentioned herein.



Other definitions of outcomes have been used in clini-
cal trials.1 For example, when postremission therapy was
studied, all patients had to be in a CR at the time of enroll-
ment, and therefore time until relapse or death should be
measured from the date of study entry following CR. 

LONG-TERM FOLLOW-UP
Follow-up plans for patients on a clinical trial should
adhere to the scheme described in the study. There is
no consensus for the follow-up of patients not
enrolled on clinical trials. A general recommendation

(Table 14.5) would be to follow the patients monthly
during the first year, every 2 to 3 months during the
second and third years, and then at least every 6
months during the next 3 years. At 6 years and there-
after, patients can be monitored annually with history
and physical examination, complete blood count
with differential, and careful attention for second
malignancies, heart failure, sterility, avascular necro-
sis, and hypothyroidism—all potential sequelae of
therapy. Assessment of minimal residual disease
should preferably be associated with clinical trials. 
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Table 14.5 Proposed follow-up for adult ALL patients

Category How? How often?

Remission status Ask about constitutional symptoms and Every month during the first year, every 3 months for 
symptoms of anemia, thrombocytopenia, the second and third years posttherapy, and then at 
and granulocytopenia least every 6 months for 3 years

Remission status Look for pallor, petechiae, Every month for 1 year posttherapy, and then every 
lymphadenopathy 3 months for 2 more years, and at least every 

6 months for 3 years

Remission status Complete blood count with differential Every month for 1 year posttherapy, and then every 
3 months for 2 more years, and at least every 
6 months for 3 years

Remission status Bone marrow aspiration and biopsy for Once, 3 months post completion of chemotherapy, 
morphology and cytogenetics and then no specific guidelines, unless on clinical trial

Remission status PCR for specific chromosomal aberrations No specific guidelines

Remission status PCR with patient-specific junctional regions No specific guidelines
of rearranged immunoglobulin or T-cell 
receptor genes

Remission status Flow cytometry to detect specific No specific guidelines
phenotypes

Avascular necrosis Ask about pain in hips while walking With each history taking as mentioned above

Heart failure Ask about swollen ankles, shortness With each history taking as mentioned above
of breath, etc.

Sterility Ask about pregnancies With each history taking as mentioned above

Hypothyroidism Ask about cold intolerance, fatigue, With each history taking as mentioned above
somnolence
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INTRODUCTION

One of the great success stories of medical oncology
has been the treatment of acute lymphoblastic
leukemia (ALL) in children. Through a strong coopera-
tive group effort, the recruitment of a high proportion
of afflicted patients, and the conduct of multiple ran-
domized trials, there have been successive improve-
ments in treating childhood ALL, so that now 60–75%
of the children with ALL can achieve long-term dis-
ease-free survival.1 Unfortunately, adults with ALL do
not fare as well. Despite complete remissions (CRs) in
60–90% , long-term disease-free survival still remains
at 20–40%.2,3 In addition to deaths (5–10%) during
remission induction, approximately 10–25% of
patients have resistant disease. Even for patients who
achieve a CR, 60–70% will relapse, often within 2 years
of achieving the remission (a time when most patients
are still receiving maintenance therapy). Management
of both primary refractory and relapsed patients poses
a great challenge to clinicians; it occurs commonly,
and long-term survival in these patients is typically
poor. Newer treatment strategies and novel agents are
urgently needed to improve the prognosis for these
patients.  This chapter will review some of the prog-
nostic features that influence the likelihood of failing
to achieve a CR, chemotherapy strategies often
employed in the salvage setting, stem cell transplanta-
tion, and special cases, including patients with
Philadelphia (Ph)-chromosome disease, patients with
central nervous system (CNS) relapse, and the use of
newer agents. 

PROGNOSTIC FEATURES

While several analyses of prognostic features in ALL
have been performed, two classic multivariate analy-
ses, one by the German multicenter group and another
by the Memorial Sloan-Kettering Cancer Center
(MSKCC) group, were reported in 1988.  These and
other studies indicate the importance of five prognos-
tic features: white blood cell (WBC) count at diagnosis,
age, leukemic cell immunophenotype, cytogenetics
(particularly Philadelphia-chromosome-positive dis-
ease), and the time to achieve CR.4,5

An elevated WBC count at the time of diagnosis is
associated with a poor prognosis.  The multivariate
analyses indicate that there is both a reduced likeli-
hood of achieving a CR, as well as a shorter duration of
remission, and ultimately worse overall survival. In
part, the poor prognosis associated with an elevated
WBC reflects an increased disease burden, but it is also
related to the propensity of poor cytogenetic subtypes
(i.e., t(4:11) and t(9:22)) to present with hyperleukocy-
tosis. Different studies have used different WBC levels
as their cutoff for an adverse feature. In the MSKCC
study, WBC counts greater than 10,000/µL were asso-
ciated with a lower frequency of achieving a CR, and
counts greater than 20,000/µL were associated with a
shorter duration of CR. In the German study, WBC
counts greater than 30,000/µL carried an adverse prog-
nosis.

Older age in adult ALL patients is also associated
with a worse prognosis, and similar to an elevated
WBC count, age is probably a continuous variable (i.e.,
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the older the patient, the worse the prognosis).
Different studies have defined different ages as having
a poor prognosis; the German group identified age 35,
while the MSKCC study identified age 60.

The immunophenotype of the leukemic cell also
has prognostic significance.4–6 Traditionally, T-cell dis-
ease has had a favorable prognosis, pre-B-cell (com-
mon) ALL an intermediate prognosis, and mature B-
cell disease was associated with a poorer prognosis
(using conventional treatments). Recently, however,
modern intensive treatment regimens designed specif-
ically for this rare subtype have improved the progno-
sis for patients with mature B-cell (Burkitt’s type) lym-
phoblastic disease, and it is no longer considered to
have a comparatively poor prognosis.7,8

Cytogenetic abnormalities, specifically t(9:22)
(Philadelphia-chromosome-positive disease) and
t(4;11), portend poor prognoses. These patients are
essentially never cured by chemotherapeutic regi-
mens, with 5-year disease-free survival rates of 0–15%,
using conventional therapy. A minority may be cured
with an allogeneic transplant in first CR.9a–c Also
unclear is the impact that therapy with the tyrosine
kinase inhibitor imatinib mesylate will have on
Philadelphia-chromosome-positive disease. Another
karyotype, t(8;14), involving the c-myc locus, has tra-
ditionally carried an unfavorable prognosis, though
again, this may change with current intensive therapy. 

Many studies have shown that the time to achieve a
CR during remission induction therapy carries signifi-
cant prognostic implications. The likelihood of being
cured diminishes with the greater amount of time it
takes the patient to achieve a CR. Notably, time to CR
greater than 4 or 5 weeks substantially diminishes the
likelihood of cure.5 However, it is uncertain whether a
shorter duration in achieving a CR reflects an innate
sensitivity of the disease to the chemotherapeutic
agents used, or whether the rapid cytoreduction of the
leukemic cell mass minimizes the development of drug
resistance and thus ultimately allows for the cure of
the patient.

Note however the above-listed prognostic features
relate primarily to initial therapy. At relapse, the prog-
nosis is poor, with only a small fraction of patients sal-
vaged. In this setting, long duration of first remission
and isolated sanctuary site relapse are the two most
important favorable prognostic factors.

CHEMOTHERAPY STRATEGIES

Several common treatment strategies have been used
in patients who have refractory or resistant ALL. One
option is to administer a regimen that is similar to the
original remission induction therapy, particularly if
there has been a long duration of remission prior to
their eventual relapse (�1–2 years). However, this strat-
egy is likely to be ineffective in patients with primary
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refractory disease. Variations on traditional induction
therapy, usually including vincristine, prednisone, and
an anthracycline intensified with cyclophosphamide
and/or L-asparaginase, are frequently used in the sal-
vage setting. A second CR can occasionally be achieved
in the subset of patients who had a long first remission
or who developed recurrent disease after completing
maintenance chemotherapy.10 Even one of the most
favorable reports, however, achieved a CR in only 44%
of the patients.11 Furthermore, the median survival for
these patients was only 8 months, and 3-year survival
was only 10%.

As many patients develop recurrent disease within
the first 2 years of achieving their first remission, the
likelihood of achieving a second CR with regimens
similar to the remission induction therapy is low. 12–15

Likewise, for those patients whose disease is primarily
refractory to standard remission induction therapy,
simply repeating the same induction treatments is
usually futile. Thus, another option is to use other
agents that are relatively distinct from the agents used
in the traditional induction treatment programs.  One
of the most commonly used agents in this setting is
cytarabine arabinoside (ara-C) administered at a high
dose. As a single agent, high-dose cytarabine (given at
doses of, for example, 2–3 G/m2 every 12 h for 6–12
doses) may induce a CR in approximately 30% of
patients with relapsed or refractory ALL.15 In combina-
tion with other agents, such as L-asparaginase,16–18

doxorubicin,19 idarubicin,20–22 or mitoxantrone23–26,
higher response rates can be achieved, with CRs as
high as 72% reported. An example of such a regimen is
the combination of high-dose cytarabine with a single
high-dose of idarubicin, which was reported by the
MSKCC group as producing a CR in 44–58% of the
patients.27,28 Of course, a direct comparison of these
regimens is impossible given the differences in patient
characteristics, the number of prior regimens and
doses and schedules of the agents used, as well as the
variable use of subsequent autologous or allogeneic
stem cell transplantation and noncomparative trials. 

Unfortunately, for many patients, even if a second
CR is achieved, it is notoriously difficult to maintain,
and each subsequent response is of a shorter duration
than the prior one. Thus, in general, patients with a
suitable allogeneic transplant option that is not pre-
cluded by age, performance status, or other concurrent
illness should be referred for such a transplant in sec-
ond CR.

STEM CELL TRANSPLANTATION

ALLOGENEIC TRANSPLANTATION 
Allogeneic transplantation with an HLA-matched
identical sibling has been performed in adults with
ALL in a number of settings. In a small subset of
patients, this dose-intense treatment has the ability to



eradicate residual leukemia in patients whose disease is
refractory to conventional chemotherapy. However,
there are three main prerequisites that should be met
prior to a patient undergoing this intense procedure.
First, it is imperative that the patient be in an accept-
able physical condition to withstand the demands and
complications of the transplant. Secondly, it is prefer-
able that the patient be in CR or in a minimal disease
state to decrease the likelihood of relapse after trans-
plant. Finally, a suitable donor must be identified and
available. It is generally recommended that at the time
of initial diagnosis the patient and immediate family
members have HLA typing performed, as the process
can be time consuming and, if done at the time of
relapse, can cause unwanted delays. If no immediate
family member is identified as a match, we recom-
mend no additional testing until a transplant is
needed (at the time of relapse). At such a time, a more
extended family search can be performed along with a
preliminary search of unrelated donors. The initial
search through the National Marrow Donor Program
(NMDP) registry is performed free of charge and is a
one-time search used to identify potential candidates.
An international search can also be initiated depend-
ing on the patient’s racial and ethnic background, and
depending on whether or not a match is found using
the NMDP. Unfortunately, the lack of availability of
human leukocyte antigen (HLA)-matched donors
often limits the utility of this approach. In one study
by Davies et al., the outcome of 115 consecutive
patients with recurrent ALL were examined over a
2-year period.29 A matched related donor was identi-
fied in 35%. Of the 75 patients without a related
donor, 58 patients had an unrelated donor search ini-
tiated. Only 37% of these patients had an unrelated
donor identified. Finding a matched unrelated donor
is even more complicated if the patient has a diverse
ethnic or racial background. 

Even if a suitable donor is identified, allogeneic trans-
plant is not a panacea for treating relapsed ALL.
Limitations of transplant in patients with ALL are high-
lighted by reviewing patterns of failure. Patients with
ALL who undergo allogeneic transplantation suffer
from both treatment-related mortality as well as a sig-
nificant rate of relapse. This differs from patients with
acute myeloid leukemia (AML), who fail allogeneic
transplantation primarily because of treatment-related
mortality. This appears to be due to the “graft-versus-
leukemia” effect in which the transplanted (donor)
immune system eliminates residual leukemic cells being
less effective in ALL than in AML or chronic myeloid
leukemia (CML). Supporting this concept is data from
the International Bone Marrow Transplant Registry,
which compared identical twin (syngeneic) transplants
to HLA-identical sibling (allogeneic) transplants.30 As
with graft-versus-host disease, the graft-versus-leukemia
is more pronounced in the allogeneic transplants as
compared with syngeneic transplants. The results of the

IBMTR study demonstrated a significantly higher rate of
relapse in the syngeneic transplants for patients with
AML or CML, but not for those patients with ALL,
implying that graft-versus-leukemia is less potent in
ALL compared to its effect in CML or AML. Another
example supporting the concept that graft-versus-
leukemia is less active in ALL comes from an analysis of
studies of donor T-cell infusions used to treat relapsed
leukemia after allogeneic stem cell transplant. In the
“classic” study, donor lymphocyte infusions produced
complete responses in 73% of patients with CML, 29%
of patients with AML, and 0% of patients with ALL.31

The use and timing of allogeneic transplantation in
adult patients with ALL is another dilemma.  At the
Fred Hutchinson Cancer Center, in 192 adults with
ALL transplanted in second CR or beyond, the 5-year
disease-free survival was only 15%.32 Another more
recent study demonstrated a similar outcome for trans-
plants performed beyond first CR, and included a
treatment-related mortality rate of 43%.33 There have
been two large comparative studies of allogeneic trans-
plant versus standard chemotherapy for patients in
first CR. Neither study was able to demonstrate
improved survival for the transplant arm and therefore
with the exception of patients with t(9;22) and t(4;11)
allogeneic transplant in first remission cannot be rou-
tinely recommended.34,35

AUTOLOGOUS TRANSPLANTATION
Autologous transplantation for adult ALL is even less
successful than allogeneic transplantation.36 In part,
this is likely related to the amount of disease burden
prior to autologous transplantation and whether the
residual leukemia cells were sufficiently eradicated
prior to reinfusion. Many investigators have attempted
to purge residual disease ex vivo by using different
chemotherapeutic agents or monoclonal antibod-
ies.37–41 Not only are results of autologous transplanta-
tion disappointing in second CR, but even in first CR
this modality has a limited applicability. Both a non-
randomized and a randomized trial in patients in first
CR have shown no benefit to autologous transplanta-
tion compared with maintenance chemotherapy.42,43

Therefore, autologous transplantation in patients with
relapsed ALL should still be considered investigational
and not routinely recommended to patients in first CR
outside of a clinical trial.

PHILADELPHIA-CHROMOSOME-POSITIVE
DISEASE

Patients with Ph-chromosome-positive ALL (Ph� ALL)
have a poor prognosis even with modern treatment
regimens. Thus, it is generally recommended that these
patients undergo allogeneic transplantation in first CR,
as this strategy is curative in a minority of patients.44,45

The development of imatinib, a tyrosine kinase
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inhibitor with relative specificity for bcr-abl, has dra-
matically altered the natural history and treatment of
patients with CML.46 Imatinib also has some activity in
Ph� ALL, although less so than in patients with CML,
with only 29% of relapsed or refractory patients achiev-
ing a CR.47 In addition, the median time to progression
for responding patients is only 2.2 months, illustrating
the development of resistance to imatinib in this
patient group.48,49 A recent study investigated prognos-
tic factors for response to imatinib mesylatetherapy in
patients with ALL.50 Prior CR �6 months, WBC count
�10 � 109/L, circulating peripheral blood blasts at
diagnosis, additional Ph chromosomes, and at least 2
bcr-abl fusion signals were all associated with a signifi-
cantly inferior frequency of response and response
duration to imatinib mesylate. Given the disappoint-
ing responses seen in patients with Ph� ALL compared
with patients with CML treated with imatinib mesylate,
many investigators are evaluating the role of imatinib
mesylate combination chemotherapy in both the initial
treatment setting51 as well as in the relapsed setting.52

CNS RELAPSE

Approximately 10% of patients who have received
appropriate CNS prophylaxis will develop relapse in the
CNS. Systemic relapse can often be identified simulta-
neously or shortly after CNS relapse is documented.
Therefore, it is generally recommended that in addition
to the treatment for CNS disease, patients should
receive systemic reinduction chemotherapy. Treatment
of established CNS disease often requires a combination
of radiotherapy and intrathecal chemotherapy. The
radiotherapy should be administered to the whole brain,
consisting of 1800–2400 cGy (in 150- to 200-cGy frac-
tions). Higher doses should be avoided due to both the
risk of late toxicity (such as cognitive deficits or necro-
sis) as well as the potential later requirement of total
body irradiation as part of the conditioning regimen
for an allogeneic transplant. In addition, despite
encouraging results in children, spinal radiotherapy
should be avoided in adults, as the dose of radiother-
apy to marrow-bearing areas subsequently limits the
ability to administer necessary systemic chemotherapy.
Furthermore, although this approach can help control
the CNS disease, it does not prolong survival, as these
patients typically succumb to relapsed system disease.53

Intrathecal or intraventricular therapy for patients with
established CNS disease should include methotrexate
(12–15 mg) or ara-C, preferably administered intraven-
tricularly via an Ommaya reservoir. It should be admin-
istered as often as two to three times per week with at
least 1 day off between doses until the cerebrospinal
fluid (CSF) is cleared of leukemic blasts, then twice a
week for 2–3 weeks, and then twice a month for 2 or 3
additional months (total of 8–12 doses). Patients who
develop CNS disease despite prophylaxis with intrathe-

cal methotrexate, and those patients who do not clear
the blasts promptly from the CSF (within two treat-
ments), should receive intraventricular therapy with
ara-C at a dose of 60 mg. 

NEW THERAPIES

As the overall survival for adult patients with relapsed
or refractory ALL remains poor, newer therapies are
needed. In addition to different combination
chemotherapy strategies with traditional agents,
investigators are examining the role of newer, investi-
gational agents in the treatment of these patients.

Clofarabine. Clofarabine is a nucleoside analog that is a
hybrid of fludarabine and cladribine. In a small
phase II study of refractory or relapsed patients with
ALL (n 
 12), there was one CR (8%) that lasted 4
months.54a Clofarabine has recently been approved
by the FDA for use in pediatric ALL.54b

Nelarabine. Nelarabine is a prodrug of ara-G. Evaluation
of this arabinosyl analog of deoxyguanosine has
shown some promising activity.55,56 In a phase I
study of 26 patients, there were 10 responses (five
CRs); 7/8 patients with T-cell ALL, 1 with T-lym-
phoid blast crises of CML, 1 with T-cell lymphoma,
and 1 with B-cell CLL.55 Interestingly, responses
were not observed in patients with B-lineage ALL,
and some investigators believe that one mechanism
of T-cell selective cytotoxicity may result from high
ara-GTP accumulation in T cells resulting in an S-
phase dependent apoptosis, which may lead to a T-
cell specific signal for the induction and liberation
of soluble Fas ligand, thereby inducing an apoptotic
response in neighboring non-S-phase cells.57

Alemtuzumab. Alemtuzumab is a monoclonal antibody
that binds to CD52, an antigen present on nearly all
normal B and T lymphocytes. It has been approved
by the Food and Drug Administration for use in
patients with chronic lymphocytic leukemia (CLL)
who are refractory to fludarabine, and it has been
studied extensively in patients with CLL.58–60 The
experience of alemtuzumab in patients with refrac-
tory or relapsed ALL is limited.61 It has been incor-
porated into purging techniques for autologous
transplant, in conditioning regimens for allogeneic
transplant, and used as an immunosuppressant for
graft-versus-host disease.62–64

CONCLUSION

Unfortunately, the treatment of patients with relapsed
or refractory ALL remains a daunting challenge to
investigators and treating physicians. Hopefully, as we
gain more insight into the biology of this disease, we
can improve not only upon the treatment of patients
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who have relapsed, but also on initial treatment strate-
gies, thereby minimizing those who require treatment
in the relapsed setting. In addition, as we develop bet-
ter techniques to assess for minimal residual disease,
perhaps allowing for earlier intervention before overt
clinical relapse, we may improve the outcome of these
patients. Currently, the best chance for patients with
relapsed disease is to induce a second CR (for suitable
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patients we favor high-dose cytarabine with high-dose
anthracycline) followed by an allogeneic transplant.
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INTRODUCTION

Chronic myeloid leukemia (CML), historically also
known as chronic myelogenous leukemia, chronic mye-
locytic leukemia, and chronic granulocytic leukemia, is
a form of chronic myeloproliferative disease (CMPD)
with a well-defined genetic defect known as the
Philadelphia (Ph) chromosome.1,2 The Ph chromosome
is associated with a BCR-ABL fusion gene expressed as
an oncoprotein, p210BCR-ABL, which is generally con-
sidered as the initiating event for the chronic phase of
CML. All CMPDs are clonal hematopoietic stem cell dis-
orders characterized by proliferation in the bone mar-
row of one or more of the myeloid cell lineages that

gradually displaces normal haematopoiesis (Table 16.1).
The remaining forms of CMPD do not have a specific
genetic defect and the diagnosis, for the most part, relies
upon clinical and hematologic features. The recent
observations supporting the notion of JAK2 as a candi-
date gene involved in the molecular pathogenesis of
some of the CMPD, specifically polycythemia vera,
essential thrombocythemia and primary myelofibrosis,
should herald an enhanced understanding of these dis-
orders and might lead to a new classification of these
disorders and, perhaps, novel treatments.3–5 In this
chapter, we review the epidemiology, risk factors, and
classification of CML. 

CML originates in an abnormal hematopoietic stem
cell, which acquires a Ph chromosome, and the BCR-
ABL fusion gene, which is considered to be the princi-
pal pathogenetic event6,7 (Figure 16.1). The Ph chro-
mosome and the BCR-ABL gene are found in all
myeloid lineage cells and some, but not all, B and T
lymphocytes. Clinically, CML is a biphasic or triphasic
disease that is usually diagnosed in the initial
“chronic” phase and then spontaneously evolves after
a median time of 4–5 years into an “advanced” phase,
which resembles an acute leukemia. The transforma-
tion into an advanced phase (called blast crisis) can
occur abruptly or via a period of acceleration (called
accelerated phase).

16Chapter 16
EPIDEMIOLOGY, RISK FACTORS,
AND CLASSIFICATION OF
CHRONIC MYELOID LEUKEMIA
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Table 16.1 WHO classification of CMPD

Chronic myeloid leukemia (also referred to as chronic 
myelogenous leukemia)
Chronic neutrophilic leukemia
Chronic eosinophilic leukemia (and the hypereosinophilic
syndrome)
Polycythemia vera
Chronic idiopathic myelofibrosis (with extramedullary 
hemopoiesis)
Essential thrombocythemia
Chronic myeloproliferative disease, unclassifiable
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EPIDEMIOLOGY

CML is the most common of the CMPDs. It accounts
for about 15–20% of all cases of adult leukemias, but
less than 5% of all childhood leukemias. It is slightly
more common in males than in females and occurs
exceedingly rarely during the first decade of life. It has
a median age of onset of about 50 years. The incidence
of CML is about 1–1.5 per 100,000 persons per
annum.8 There appears to be no association with social
class or ethnicity, and its incidence appears to be
remarkably constant worldwide.9 Some reports suggest
a slightly higher prevalence in some parts of India and
China, in particular Hong Kong, but these remain
unconfirmed.

RISK FACTORS

Almost all cases of CML have no identifiable predis-
posing factors, and even when there might be a plausi-
ble causal link, it is extremely difficult to incriminate
any factor in individual patients. Exposure to ionizing
radiation is the only known etiological factor; the inci-
dence of CML was increased to a minor but significant
degree in patients treated with radiation therapy for
ankylosing spondylitis or metropathia hemorrhag-
ica.10,11 The most compelling link between radiation
exposure and CML comes from a [Life Span] study of
survivors of the atomic bomb explosions in Hiroshima
and Nagasaki (Japan) in 1945.12,13 There was an
increased risk of CML among the survivors. An
increased risk of leukemia, but not of CML, has also
been reported in an area immediately surrounding the
British nuclear fuel facility at Calder Hall in Cumbria,
U.K. (although a government commission of enquiry
was unable to confirm this). 

There are no firm associations of exposure to toxic
chemicals or any infectious agent and CML.
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Chemicals that damage the bone marrow, in particu-
lar aromatic hydrocarbons and benzene, appear to
predispose to acute myeloid leukemia (AML), but it is
impossible to be certain that leukemia would not have
developed in a particular patient in the absence of
exposure to the suspect substance. Recently, it has
been shown that benzene activates an oncogene that
causes AML. 

Though a small number of families with a high inci-
dence of CML have been reported, there is no con-
firmed familial predisposition and no definite associa-
tion with human leukocyte antigen (HLA) genotypes
and CML.14 Interestingly, two HLA types are associated
with a decreased incidence of CML.15 Relapse of CML
originating in donor cells following related allogeneic
stem cell transplantation has been recorded.16 It is also
noteworthy that only rarely does the identical twin
brother or sister of a person with CML also develop
leukemia. In a study of 40 pairs of identical twins in
which one twin had CML, there was no instance in
which the other twin developed CML. 

Unlike the case in certain common epithelial cancers,
there are no known dietary or social habits that increase
the risk of acquiring CML. Smoking cigarettes has been
weakly implicated. This link is dependent on the dura-
tion of exposure and the age of starting to smoke.

CLASSIFICATION 

The classification of CML, though not entirely
straightforward, has recently been the subject of much
revision by the World Health Organization (WHO).17

Patients with classical CML have a well-defined disease
characterized by splenomegaly, leukocytosis, and the
finding of a BCR-ABL fusion gene in all leukemic cells.
The classical Ph chromosome is easily identifiable in
80% of CML patients; in a further 10% of patients,
variant translocations may be “simple,” involving
chromosome 22 and a chromosome other than chro-
mosome 9, or “complex,” in which chromosome 9, 22,
and additional chromosomes are involved. About 8%
of patients with classical clinical and hematologic fea-
tures of CML lack the Ph chromosome and are referred
to as the cases of “Ph-negative CML.” About half such
patients have a BCR-ABL gene and are referred to as Ph-
negative, BCR-ABL-positive cases. The remainder, per-
haps less than 5% of patients with hematologically
“acceptable” CML, are BCR-ABL negative, and some of
these have mutations in the ras gene. These patients
are usually classified as having Ph-negative, BCR-ABL-
negative CML or atypical CML (sometimes also
referred to as subacute myeloid leukemia), chronic
myelomonocytic leukemia (CMML) or chronic neu-
trophilic (CNL) (Table 16.2). Children may have a
disease previously referred to as juvenile CML, and
now juvenile myelomonocytic leukemia (JMML). Impor-
tantly, in none of these variants is there a Ph

Figure 16.1 A peripheral blood film of a patient with clas-
sical CML
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Table 16.2 Classification of CML and its variants 

Classical Ph-positive CML
Ph-negative, bcr/abl-positive hematologically typical CML 
Ph-negative, bcr/abl-negative hematologically atypical CML 
Juvenile myelomonocytic leukemia
Chronic myelomonocytic leukemia
Chronic neutrophilic leukemias

Table 16.3 WHO classification of
myelodysplastic/myeloproliferative diseases

Chronic myelomonocytic leukemia
Atypical chronic myeloid leukemia
Juvenile myelomonocytic leukemia
Myelodysplastic/myeloproliferative disease, unclassifiable

REFERENCES

chromosome. Patients with atypical CML, CMML, and
JMML usually have clinical and hematological features
that suggest an overlap between CMPD and myelodys-
plastic syndrome (MDS), and the contemporary classi-
fication of myelodysplastic/myeloproliferative diseases
is appropriate (Table 16.3).

CNL is a rare disease, which is of considerable acad-
emic interest since it is sometimes associated with a Ph
chromosome and a BCR-ABL related oncoprotein, the

p23018; currently fewer than 100 patients with Ph-
positive CNL have been reported worldwide. CNL
affects older adults, compared to CML. It is of consid-
erable interest that in about 20% of the reported cases,
there was an associated malignancy, typically multiple
myeloma, but none of these patients exhibited clonal-
ity in their myeloid cells. Distinctions among chronic
phase, accelerated phase, and blast crisis CML are dis-
cussed in Chapter 17.
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Chronic myeloid leukemia (CML) is probably the most
extensively studied malignancy and has served as a
pacemaker for the development of new concepts and
strategies in oncology. It was the description of the
first CML cases, independently by Bennet1 and
Virchow,2 which led to the term “leukemia,” Greek for
“white blood.” CML was the first human cancer con-
sistently associated with a chromosomal abnormality,
the Philadelphia (Ph) chromosome.3 It was also the
first malignancy that was faithfully reproduced in an
animal model based on precise knowledge of the
causal molecular lesion.4 Lastly, CML was the first
malignant condition, where the identification of the
causal abnormality led to a specific therapy.5 Despite
intensive efforts, important aspects of CML pathogen-
esis are not well understood, such as the mechanisms
underlying the progression to blast crisis. This chapter
reviews the pathogenesis of CML, with a slight empha-
sis on clinical applications. Due to the wealth of data,
this review cannot be comprehensive, and many
important aspects had to be omitted because of space
constraints.

MORPHOLOGY

CHRONIC PHASE
Approximately 85% of patients with CML are diag-
nosed in the chronic phase.6 A presumptive diagnosis
can be established based on a Giemsa-stained periph-
eral blood or bone marrow aspirate. The peripheral
blood demonstrates variable degrees of leukocytosis
with a striking left shift in the white blood cell differ-
ential, basophilia, and less frequently, eosinophilia.
Thrombocytosis is also common as is a moderate
degree of anemia (Table 17.1).7 The morphology of
the peripheral blood cells is normal; dysplasia is not a
typical feature of CML and points to alternative diag-
noses (see below). In the bone marrow, cellularity is
increased with a predominance of granulopoiesis over
erythropoiesis. Basophils and eosinophils may be
increased, usually in proportion to their numbers in

the peripheral blood. Megakaryocytes are frequently
increased in numbers, tend to be small and hypolobu-
lated (micromegakaryocytes), and form clusters or
sheets. Other findings include pseudo-Gaucher cells or
sea-blue histiocytes, both representing macrophages
that are unable to metabolize the increased glucocere-
broside load associated with the high cell turnover.
Bone marrow histology yields additional information
and is mandatory in the case of a “dry tap,” as it may
reveal increased blasts that are not apparent on the
blood smear. Various degrees of reticulin fibrosis are a
common finding, particularly in patients with more
advanced disease.8 Angiogenesis is also increased but
vessel density is not part of standard histologic
reports, since it requires special stains.9 Overall, the
morphologic findings allow establishing the diagnosis
of a myeloproliferative syndrome, consistent with
CML. However, a definitive diagnosis of CML should
be made only after the presence of the Ph chromo-
some, or the BCR-ABL translocation has been docu-
mented by cytogenetic or molecular techniques (see
below).

ACCELERATED PHASE
The diagnostic criteria for accelerated phase have been a
matter of debate and the issue has not been resolved
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Table 17.1 Blood white cell differential count at 
diagnosis (n 
 90)

Percent of total leukocytes

Myeloblasts 3
Promyelocytes 4
Myelocytes 12
Metamyelocytes 7
Band forms 14
Segmented forms 38
Basophils 3
Eosinophils 2
Nucleated red cells 0.5
Monocytes 8
Lymphocytes 8
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completely. The most widely accepted criteria are given
in Table 17.2.10 Percentages of blasts, promyelocytes,
and basophils, as well as thrombocytopenia that is not
related to therapy, were all demonstrated to be inde-
pendent adverse prognostic indicators in multivariate
analysis, and these parameters were used to define
accelerated phase in the recent large trials of imatinib in
advanced CML.11 It is controversial whether clonal evo-
lution (CE), i.e., the presence of cytogenetic abnormali-
ties in addition to the Ph chromosome, is indicative of
accelerated phase at diagnosis in the absence of any of
the other criteria. However, there is consensus that CE
in a patient undergoing therapy indicates disease pro-
gression. In addition to the criteria in Table 17.2, a num-
ber of “soft” parameters are used clinically, such as
decreased responsiveness to drug therapy, increasing
splenomegaly, or pronounced B symptoms. Although
features like this are clearly suggestive of disease pro-
gression, they are difficult to cast into an unambiguous
definition and therefore should not be used in isolation
to establish a diagnosis of accelerated phase.

BLASTIC PHASE (BLAST CRISIS)

A diagnosis of blastic phase is made when more than or
equal to 30% blasts are present in the blood or bone
marrow. Immunophenotyping is mandatory to deter-
mine whether the blasts have myeloid (60–70% of cases)
or lymphoid differentiation (20–30% of cases), since this
has major implications for optimal management. In the
case of myeloid blast crisis, the blasts may fulfill the diag-
nostic criteria for any of the French–American–British
(FAB) subgroups, but myelomonocytic differentiation is
most frequent. Immunophenotypic analysis reveals pos-
itivity for myeloperoxidase and myeloid markers (CD13,
CD14, and CD33). Lymphoid blast crisis usually has a
pre-B-cell phenotype, with positivity for B-cell markers
(CD19 and CD20), CD10, and TdT.12,13 T-lymphoid blast
crisis is extremely rare. Approximately 10% of cases are
undifferentiated or biphenotypic. Regardless of the phe-
notype, the blasts almost invariably express the CD34
antigen. A diagnosis of blastic phase is also established
in the case of extramedullary disease, with the exception
of liver or spleen involvement. 

CYTOGENETICS

CONVENTIONAL G BANDING AND R BANDING
The cytogenetic hallmark of CML is the Ph chromo-
some, which is demonstrable in approximately 90%

of patients with a diagnosis of CML based on clinical
and morphologic criteria. The Ph chromosome, origi-
nally thought to be a shortened chromosome 22 and
thus referred to as 22�3 is the result of a reciprocal
translocation between the long arms of chromosomes
9 and 22 [t(9;22)(q34;q11)].14 As a consequence,
genetic sequences from the BCR gene on 22q34 are
fused 5’ of the ABL* gene on 9q11, and vice versa,
generating a BCR-ABL fusion gene on the derivative
chromosome 22 and an ABL-BCR fusion gene on the
derivative chromosome 9 [Figure 17.1(a) and
17.1(b)].15,16 Approximately 10% of patients with typ-
ical CML are negative for the t(9;22)(q34;q11) by con-
ventional G- or R-banding techniques. In approxi-
mately half of these patients, the BCR-ABL
translocation is detectable by fluorescence in situ
hybridization (FISH) or reverse transcription poly-
merase chain reaction (RT-PCR), a situation referred
to as cryptic or silent Ph translocation. The clinical
course of these individuals is not different from clas-
sical Ph-chromosome-positive CML, while the
remaining 5% of patients have truly BCR-ABL-nega-
tive disease. According to the World Health
Organization, CML is defined by presence of the BCR-
ABL translocation, and thus the term Ph-negative or
BCR-ABL-negative CML should not be used any
longer. Depending on specific features, it may be pos-
sible to classify such patients as having chronic
myelomonocytic leukemia if there is persistent
monocytosis of more than 109/L, or atypical CML if
there is prominent dysgranulopoiesis. Otherwise, the
disease should be referred to as chronic myeloprolif-
erative disease, unclassifiable. The exclusive defini-
tion of CML as the BCR-ABL-positive disease has
become even more important with the advent of ima-
tinib as a specific targeted therapy for this disorder.17

FLUORESCENCE IN SITU HYBRIDIZATION
Fluorescent probes to detect the BCR-ABL transloca-
tion have become widely available and are equally
suitable for analysis of metaphases and interphases
[Figure 17.1(c)]. Using FISH on metaphase spreads
allows for analysis of several hundred cells, which
increases the sensitivity for detection of residual dis-
ease by one order of magnitude.18 Analysis of inter-
phase nuclei permits making a diagnosis of CML in
cases that fail to grow metaphases. FISH on interphase
nuclei from the peripheral blood correlates with bone
marrow cytogenetics.19 However, the fact that the Ph
status of B cells is unpredictable can lead to over- or
underestimation, when unselected peripheral blood
white cells are analyzed.20 For diagnostic purposes, it
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* The correct designation of ABL is ABL-1, as there is the
ABL-related gene (ARG) that is referred to as ABL-2.
However, as “ABL” is still much more commonly used in
the medical literature than ABL-1, ABL will be used through-
out this chapter.

Table 17.2 Diagnostic criteria for accelerated phase

Blasts 15–29%a

Blasts plus promyelocytes �30% (with blasts alone �30%)a

Basophils �20%a

Platelets �100 � 109/L, unrelated to therapy

aRefers to peripheral blood or bone marrow.
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a

c

b

Figure 17.1 (a) Cytogenetics of a CML patient: Note the gain of
material on chromosome 9 and the shortened chromosome 22
(22- or Ph chromosome). (b) Schematic representation of the
t(9;22)(q34;q11) reciprocal translocation. Note the juxtaposition
of BCR and ABL on the derivative chromosome that leads to a BCR-
ABL fusion gene. An ABL-BCR fusion gene is formed on the deriva-
tive chromosome 9 but does not appear to play a role in the
pathogenesis of CML. (c) Fluorescence in situ hybridization (FISH):
The upper panel shows an interphase nucleus, and the lower panel
a metaphase. FISH was done with the LSI bcr/abl ES probe (Vysis,
Downer’s Grove, IL) that detects the BCR-ABL fusion as well as the
(red) signal on the derivative chromosome 9. (Courtesy of Christel
Mueller, Department of Hematology, University of Leipzig,
Germany)



is crucial to establish the false-positive and false-nega-
tive rates of the probe set used, which vary signifi-
cantly between different commercially available
kits.21 The obvious disadvantage of FISH is that it
screens only for the presence of the BCR-ABL translo-
cation, and does not detect other cytogenetic abnor-
malities.

DELETIONS FLANKING THE BCR-ABL BREAKPOINT
It was recently observed that 10–15% of CML patients
harbor large deletions, flanking the breakpoint on
chromosome 9 and, less frequently, chromosome 22,
or both.22,23 Patients with such deletions have a much
shorter survival with interferon-alpha-based therapy
and appear to have a shorter time to progression on
imatinib.24 These observations led to the speculation
that the deleted region may contain a tumor suppres-
sor gene. One candidate on chromosome 9q is
PRDM12, a zinc-finger protein, which may function as
a negative transcriptional regulator.25,26 Deletions on
the derivative chromosome 9 are detectable with most
commercially available FISH probes.27 In addition,
patients with loss of genetic material on either side of
the breakpoint are negative for ABL-BCR mRNA.28 This
however does not fully account for the fact that about
one-third of CML patients fail to express this recipro-
cal fusion mRNA.29 Although the prognostic signifi-
cance of deletions flanking the BCR-ABL breakpoint
awaits evaluation in a prospective fashion, “deletion
status” should become part of diagnostic reports.30 It
has recently been shown that the frequency of dele-
tions is much higher in patients with so-called variant
Ph translocations that involve one or two chromo-
somes in addition to chromosomes 9 and 22. These
variants may be generated at the time of the initial
translocation event or, less frequently, may be
acquired during disease progression, where they repre-
sent an unusual form of clonal cytogenetic evolution
(see below).31 The inferior survival of patients with
variant Ph translocations could be convincingly attrib-
uted to high frequency of derivative chromosome 9
deletions, as elimination of this group of patients elim-
inated the difference.31

CYTOGENETIC CLONAL EVOLUTION (CE)
The acquisition of nonrandom karyotypic abnormali-
ties in addition to the Ph chromosome is referred to as
CE. CE is strongly associated with disease progression,
occurring in more than 50% of patients with blastic
transformation.32 Although many different chromoso-
mal abnormalities have been reported, there are a few
specific changes that account for the majority of
cases.33 Hyperdiploid karyotypes predominate, most
commonly trisomy 8, 19, 21, or a second Ph chromo-
some. Another frequent finding is isochromosome 17,
while monosomy 7, loss of the Y chromosome, and
reciprocal translocations, such as t(3;21)(q21;q26), are
relatively rare. Progressively more abnormalities are

often acquired during further disease progression.
Intriguingly, the sequence of acquisition of these addi-
tional changes is apparently nonrandom, following
certain “routes” of CE,33 and there are geographical
and ethnic differences, whose etiology is not under-
stood.34 Events like t(3;21)(q21;q26) that involves the
EVI-1 gene, a transcription factor, may conceivably
dysregulate myeloid cell differentiation, a key feature
of blastic transformation, and thus explain the pheno-
type of blast crisis compared to chronic phase.
However, in most instances, it is not known how the
recurrent chromosomal changes may contribute to
the loss of cell differentiation that characterizes blast
crisis. It should be noted that nonrandom chromoso-
mal abnormalities have been detected in the Ph-chro-
mosome-negative cells of some patients, with a com-
plete cytogenetic response to imatinib.35 This yet
unexplained phenomenon should not be referred to as
CE.

MOLECULAR PATHOGENESIS

MOLECULAR ANATOMY OF THE BCR-ABL FUSION
The breakpoints in ABL are spread over a large
genomic region and may occur 5’ of ABL exon Ib,
between ABL exons Ia and II or, most frequently,
between the two alternative first ABL exons (Figure
17.2) (reviewed in Ref. 36). Despite this variation, the
ABL portion in the fusion mRNA and protein is usually
constant, encompassing ABL exons 2–11. This is
thought to be the result of posttranscriptional process-
ing of the primary transcript. In contrast, the break-
points in BCR localize to three distinct breakpoint
cluster regions (bcr),16 which are associated with the
three major types of Bcr-Abl fusion proteins. Breaks in
the minor bcr (m-bcr) give rise to an e1a2 fusion mRNA
and a 190-kd protein (p190BCR-ABL) that is found in two-
third of patients with Ph-chromosome-positive acute
lymphoblastic leukemia (ALL) and in rare patients
with CML. Unlike typical CML, these patients are char-
acterized by monocytosis.37 Breaks in the major bcr (M-
bcr) result in e13a2 or e14a2 fusion mRNAs (previously
referred to as b2a2 and b3a2, according to the original
numbering of exons within the major breakpoint clus-
ter region) and a 210-kd protein (p210BCR-ABL). p210BCR-

ABL is typical of CML but also occurs in one-third of
patients with Ph-chromosome-positive ALL.36 Many
efforts were made toward identifying consistent differ-
ences between patients expressing e13a2 (b2a3) or
b14a2 (b3a2). However, the only association that
seems to stand the test of time is the notion of slightly
higher platelet counts in patients with e14a2 tran-
scripts.38 The third recognized cluster, termed micro-
bcr (	-bcr), is localized in BCR intron 19 and generates
a 230-kd protein (p230BCR-ABL) that is associated with
the rare and relatively benign condition of chronic
neutrophilic leukemia.39 The fact that the Abl portion
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in the different fusion proteins is constant while the
Bcr portion is variable provides circumstantial evi-
dence that the transforming principle is likely to reside
in Abl, while the Bcr part appears to modify the disease
phenotype, with retention of a larger BCR portion ren-
dering the disease less aggressive. Although the three
major types of BCR-ABL fusion mRNA account for
more than 99% of cases of Bcr-Abl-positive leukemia,
many more BCR-ABL variants have been seen in anec-
dotal cases or small series of patients.38 Most of these
variants have atypical breakpoints in BCR, generating
fusion mRNAs, such as e6a240 or e8-insert-a2, where
the open reading frame is retained by interposition of
intronic sequences. However, fusions between BCR
exon 1 and ABL exon 3 have also been described in
CML patients.41 Due to the small numbers of reported
cases, it has been difficult to convincingly ascribe a
particular clinical phenotype to any of these rare BCR-
ABL variants; however, the general theme seems to be
that the retention of more BCR sequences within the
fusion protein attenuates the disease, consistent with
the observations in the major types of Bcr-Abl fusion
proteins.

HEMATOPOIETIC LINEAGE INVOLVEMENT
CML is frequently referred to as a stem cell disease,
since all three myeloid lineages (granulopoiesis,
megakaryopoiesis, and erythropoiesis) carry the Ph
chromosome. Data regarding the lymphoid cell com-
partment have been more conflicting, and there is

apparently variation between different patients. In
most patients, at least a proportion of the peripheral
blood B cells are Ph positive.42 Mature T cells are usu-
ally Ph negative,43 while T-cell precursors were found
to be positive in one study.44 The existence of myeloid
and B-lymphoid (and in rare instances T-lymphoid)
blastic transformation (see below), as well as the obser-
vation that endothelial cells may be Ph positive,45 is
further support for the involvement of an early prog-
enitor cell. There is still controversy as to whether Ph-
positive ALL with a p210BCR-ABL fusion and lymphoid
blast crisis are different entities or not.46 The fact that
the hematopoiesis that recovers after intensive
chemotherapy is usually Ph negative in the case of ALL
but Ph positive in the case of lymphoid blast crisis
argues for two distinct entities. The ability of inter-
feron alpha,47 autologous stem cell transplantation,48

and, more impressively, imatinib5 to restore Ph-nega-
tive hematopoiesis in many patients indicates that
normal hematopoietic progenitor cells survive in the
presence of the CML cell clone. Remarkably, the most
primitive stem cell compartment appears to be pre-
dominantly Ph negative in early phases of the disease,
despite the fact that the peripheral myeloid cells are
almost exclusively Ph positive.49,50 This has led to the
notion that Bcr-Abl initially favors the expansion of
committed progenitor cells (such as colony-forming
units granulocyte-macrophage), while the stem cell
compartment may be more resistant. Clearly, the ques-
tion how the Bcr-Abl-positive cell clone outcompetes
normal hematopoiesis is at the very heart of CML
pathogenesis and is discussed in more detail further
below.

MULTISTEP VERSUS SINGLE-STEP PATHOGENESIS
It is generally thought that Bcr-Abl alone is necessary
and sufficient to induce the chronic phase of CML.
This notion is supported by murine disease models
(see below), the ability of certain therapies to restore
Ph-negative polyclonal hematopoiesis,35,51,52 and the
lack of detectable genetic abnormalities in addition to
the Ph chromosome in newly diagnosed patients.
However, there are some arguments against this
view. Mathematical modeling suggested that the epi-
demiology of chronic phase CML is more compatible 
with two or three genetic events than with one.53

X-chromosome-based clonality studies in Ph-negative
Epstein–Barr-virus-transformed B-cell lines from CML
patients showed evidence for “skewing” toward the
genotype of the leukemia clone in a subset of patients,
consistent with a clonal abnormality that predated
the acquisition of the Ph chromosome.54 Lastly, BCR-
ABL mRNA is detectable at very low levels in the blood
of many healthy individuals, suggesting that Bcr-Abl
alone may not be sufficient to induce the CML phe-
notype.55,56 Another observation pointing to the pos-
sibility of a pathological “pre-Philadelphia” state is
the observation of cytogenetic abnormalities in the
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Figure 17.2 Location of the breakpoints in BCR and ABL
and structure of the various BCR-ABL mRNAs. Breakpoints in
ABL are spread over a large genomic region and may occur
upstream of exon Ib, between exons Ia and II, or between
exons Ib and Ia. In contrast, breakpoints in the BCR cluster
in defined breakpoint cluster regions (bcr), a fact that led to
the gene’s naming. ABL exons 2–11 are contained in the
BCR-ABL mRNA, regardless of the breakpoint location, as a
result of splicing. In contrast, different types of fusion mRNA
and protein are generated from the different breakpoint
cluster regions in BCR. (Reproduced from Deininger et al.:
Blood 96:3343, 2000; with permission)



Ph-negative cells of some patients, with a cytogenetic
response to imatinib.35,57,58 Although in the vast
majority of cases the respective abnormalities, many of
them typical of myelodysplastic syndromes, are not
present in Bcr-Abl-positive cells, arguing against the
acquisition of Ph as a secondary event, it remains pos-
sible that the Ph-negative hematopoiesis as a whole is
abnormal. In this scenario, different abnormal clones
would emerge, including the Bcr-Abl-positive clone
that has the greatest proliferation capacity and leads to
clinical CML.

THE PHYSIOLOGICAL FUNCTION OF THE
TRANSLOCATION PARTNERS
Abl is a 145-kd nonreceptor tyrosine kinase with mul-
tiple and complex functions. Two isoforms (Abl-A and
Abl-B) exist that differ in their N-terminal regions,
depending on the usage of exon Ia or exon Ib (Figure
17.3). Only Abl-B, which is 19 amino acids longer
than Abl-A, is myristoylated at the N-terminus,59 a
feature that has recently been linked to autoinhibi-
tion of kinase activity.60,61 Further toward the C-ter-
minus, there is a Src homology (SH) 3 domain that
interacts with proline-rich domains of other proteins,
an SH2 domain capable of binding to phosphorylated
tyrosine residues of interacting proteins, and an SH1
domain, which carries tyrosine kinase activity.36

While the N-terminus exhibits a high degree of
homology to other nonreceptor tyrosine kinases, such
as Src, the C-terminus is unique to Abl. Three DNA-
binding domains, a nuclear localization signal,
nuclear export signal, a proline-rich region, and an
actin-binding domain can be defined within the C-
terminus. Under physiological circumstances, Abl is
nuclear, and its tyrosine kinase activity is tightly regu-
lated.

The function of Abl has been studied extensively,
and a very complex picture has emerged (for reviews,
see Refs. 62 and 63). There is evidence for an inhibitory
role of Abl in cell cycle regulation, which led to the
notion that it may be considered a tumor suppressor.64

A number of studies have implicated Abl tyrosine
kinase in the regulation of the cellular response to
DNA damage, by interaction with several proteins
involved in DNA repair or response to genotoxic
stress.65–70 Yet other data suggest a role in the signal
transduction from and to integrin receptors on the cell
surface,71,72 and there is evidence for activation of Abl
kinase upon ligand binding to the platelet-derived
growth factor receptor.73 Mice with homologous dis-
ruption of the ABL locus suffer from high perinatal
mortality and have multiple defects, including defec-
tive immune function and skeletal abnormalities, and
suffer from a poorly characterized wasting syn-
drome.74,75 However, there is no indication that the
rate of spontaneous tumors is increased in these mice,
arguing against a tumor suppressor function of Abl.
Importantly, simultaneous disruption of the ABL-
related gene, ARG, also referred to as ABL-2, is embry-
onically lethal, due to a failure of neuronal develop-
ment, which argues that the ARG may partially
compensate for the loss of Abl function in the ABL
knockout mice.76 The mechanism underlying the tight
regulation of Abl kinase activity in physiological con-
ditions has recently been clarified, at least for the Abl-
B isoform, by a combination of mutational structure
function analysis and crystallography.60,61 These stud-
ies revealed a critical role for the N-terminal cap region
of the protein, which inhibits the kinase by an
intramolecular interaction. This does not exclude that
other mechanisms, such as transacting molecules, may
also be involved in regulating the kinase.77
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Figure 17.3 Structure of the Abl protein. The type Ia isoform is slightly
shorter than type Ib, which contains a myristoylation (myr) site for attach-
ment to the plasma membrane. Note the three SrC-homology (SH)
domains situated toward the NH2-terminus. Y393 is the major site of
autophosphorylation within the kinase domain, while phenylalanine 401
(F401) is highly conserved in PTKs containing SH3 domains. The middle of
the protein is dominated by proline-rich regions (PxxP) capable of binding
to SH3 domains and also harbors one of three nuclear localization signals
(NLS). The carboxy-terminus contains DNA as well as G- and F-actin-
binding domains. Phosphorylation sites by Atm, cdc2, and PKC are shown.
The arrowhead indicates the position of the breakpoint in the Bcr-Abl
fusion protein. (Blood 96:3343, 2000; with permission) 



The function of BCR (Figure 17.4) is even less well
understood than that of Abl. The N-terminus contains
a dimerization domain as well as a serine/threonine
kinase activity. The center of the molecule is domi-
nated by dbl-like and pleckstrin homology (PH-)
domains that have guanidine nucleotide exchange
function for small G proteins, including RhoA, Rac, and
Cdc42. The C-terminus has GTPase-activating func-
tion for Rac (reviewed in Ref. 36). In contrast to ABL
knockout mice, BCR knockout mice are practically
normal, and an increased oxidative burst of their neu-
trophils is the only recognized anomaly.78

ESSENTIAL FEATURES OF THE BCR-ABL PROTEIN
Mutational analysis of Bcr-Abl identified several
domains and amino acid residues that are crucial to the
molecule’s capacity to transform hematopoietic cells.
Most importantly, deletion of the tyrosine kinase func-
tion abrogates transformation and leukemogenicity,79

although more recent data suggest that even the
kinase-dead protein may modify certain cellular func-
tions, such as adhesion and migration.80 A second crit-
ical structural motif is the N-terminus of BCR that con-
tains the dimerization domain.81 This domain can be
replaced by other sequences that allow dimerization;
for example, ETV-6 in the Etv-6-Abl fusion protein that
has sporadically been found in patients with ALL.82

Since the N-terminus of Abl is crucial to the autoregu-
lation of the kinase, it is conceivable that the principal
consequence of dimerization is the abrogation of
autoinhibition.60,61 Many other motifs within Bcr-Abl
have important functions but are not essential to leuke-
mogenesis. Rather than that, they modulate the aggres-
siveness of the disease or influence its phenotype in
murine models of Bcr-Abl-positive leukemia. For exam-
ple, tyrosine 177 of BCR is crucial to the induction of
myeloid but not lymphoid leukemia,83 and deletion of
the Abl SH3 domain attenuates the disease.84

ACTIVATION OF SIGNALING PATHWAYS
As a result of the constitutive tyrosine kinase activity,
multiple substrates are tyrosine phosphorylated in Bcr-
Abl-positive cells, including the oncoprotein itself. As
mentioned above, Bcr-Abl has several functional
domains that are capable of binding other proteins in
tyrosine-dependent and -independent manners.
Additional binding sites are generated by autophos-
phorylation. The net result is a multiprotein complex
held together by multiple protein–protein interac-
tions.85,86 In addition, Bcr-Abl phosphorylates a host of
substrates that are not directly bound to the protein
but impact on crucial cellular functions. Examples
include adhesion protein like paxillin and tensin or
the focal adhesion kinase (reviewed in Ref. 36). 

Research over the past two decades has revealed
that multiple signaling pathways are activated in Bcr-
Abl-transformed cells. This includes the Ras/Raf/mito-
gen-activated kinase pathway,87 phosphatidyl inositol
3 kinase (PI3 kinase),88 STAT5,89 Myc90, and many oth-
ers (reviewed in Refs. 36,91). Overall, there is extensive
redundancy. For example, Ras may be activated in two
different ways. One possibility is binding of the
adapter protein Grb-2 to phosphorylated tyrosine 177
that subsequently binds and activates the GTP
exchange factor Sos, which in turn stabilizes Ras in the
active GTP-bound form.92 The second option is activa-
tion via the adapter protein Shc, which requires the
Abl SH2 domain but not tyrosine 177.93 Studies in cell
lines frequently indicated important or even essential
functions for individual pathways, suggesting that the
respective pathways may be attractive therapeutic tar-
gets. However, data obtained in murine models of Bcr-
Abl-positive leukemia that employed knockout ani-
mals to test for the requirement of certain signaling
components in vivo were usually less convincing. For
example, the induction of a myeloproliferative syn-
drome in mice is not impaired in animals with a
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Figure 17.4 Structure of the Bcr protein. Note the dimerization domain
(DD) and the two cAMP kinase homologous domains at the N-terminus.
Y177 is the autophosphorylation site crucial for binding to Grb-2. The cen-
ter of the molecule contains a region homologous to Rho guanidine
nucleotide exchange factors (Rho-GEF) as well as dbl-like and pleckstrin
homology (PH) domains. Toward the C-terminus a putative site for cal-
cium-dependent lipid binding (CaLB) and a domain with activating func-
tion for Rac-GTPase (Rac-GAP) are found. Arrowheads indicate the posi-
tion of the breakpoints in the Bcr-Abl fusion proteins. (Blood 96:3343,
2000; with permission)



homozygous deletion of the STAT5A and STAT5B
genes94 or the inter leukin 3 (IL-3) and granulocyte-
macrophage colony-stimulating factor genes.95

Although the rather aggressive phenotype of the
murine CML models raises the question whether more
subtle effects would be detectable with a model that is
closer to the clinical disease, these observations sup-
port the view that the redundancy within the signal-
ing network of Bcr-Abl-transformed cells may compen-
sate for the loss of individual components.

BIOLOGICAL PROPERTIES OF CML CELLS
Compared to their normal counterparts, CML progeni-
tor cells are able to enter the cell cycle in the absence of
growth factors,96 although they are not cytokine-inde-
pendent.97 Nonetheless, the reduced requirement for
external stimuli may lend a growth advantage to CML
cells that is sufficient to outcompete normal
hematopoiesis over time. There is evidence that
autocrine production of IL-3 and granulocyte colony-
stimulating factor by CML progenitor cells may be the
underlying mechanism.98 In addition to inducing pro-
liferation, Bcr-Abl has been shown to inhibit apoptosis
by multiple mechanisms, including upregulation of the
antiapoptotic protein Bcl-XL and downregulation of
proapoptotic Bim.99–103 A third biological feature that
characterizes Bcr-Abl-positive cells is a perturbation of
their adhesion to stroma104 and migration in response
to chemokines such as SDF-1,105 which may explain
extramedullary hematopoiesis. It has been difficult to
link certain biological properties to the activation of
specific signaling pathways that are activated by Bcr-
Abl, and the issue is complicated by the fact that much
of the data are derived from studies in cell lines rather
than primary CML cells. Proliferation and inhibition of
apoptosis are strictly dependent on Bcr-Abl kinase activ-
ity, whereas the defects in adhesion and migration are
not completely reversible upon inhibition of Bcr-Abl.106

If this is clinically significant in the setting of targeted
therapy of CML with imatinib remains to be seen.

MECHANISMS OF DISEASE PROGRESSION
One could argue that CML would not pose a clinical
problem if the disease remained in the chronic phase.
Clinical observation holds that the time-to-disease
progression is extremely variable from patient to
patient, with some individuals progressing to blast cri-
sis within weeks from what seemed a diagnosis of stan-
dard chronic phase disease, and others remaining sta-
ble for many years, even with conventional
hydroxyurea-based therapy. The mechanisms underly-
ing disease progression are not well understood.
Studies from a number of laboratories have suggested
that the expression of Bcr-Abl may adversely affect sev-
eral DNA repair pathways.107–111 It is thought that over
time this favors the accumulation of additional genetic
abnormalities, such as the inactivation of tumor sup-
pressor genes. Another possibility is that accelerated

loss of telomere length predisposes the CML cells to
the acquisition of additional chromosomal abnormali-
ties. In fact reduced telomere length correlated with an
adverse prognosis.112 However, no consistent genetic
abnormalities have been associated with disease pro-
gression. Deletions of the INK4A locus, resulting in
inactivation of the p16 cyclin-dependent kinase
inhibitor and—presumable—p14ARF, occur in approxi-
mately 50% of patients with lymphoid blast crisis,
without impacting prognosis.113,114 Deletion of p53
has been observed in another subset of patients115 and
deletion of the retinoblastoma susceptibility gene in
isolated cases.116 All these abnormalities fail to explain
the most striking feature that distinguishes blastic
from chronic phase CML, namely the block of differ-
entiation. In acute myeloid leukemia (AML), the con-
cept that two types of mutations are required to induce
the disease phenotype has recently received much
attention.117 According to this model, a type I muta-
tion, such as an activating mutation of Ras or a tyro-
sine kinase, leads to increased proliferation and
reduced apoptosis, while differentiation is maintained.
A second, type II mutation, such as the AML1-ETO
fusion, affects a transcription factor that is crucial for
myeloid cell differentiation. The result is a differentia-
tion block that leads to the full AML phenotype.
Experimental evidence in support of this concept has
accumulated from murine leukemia models. For exam-
ple, transplantation of murine bone marrow cells
expressing constitutively active Flt3 into syngeneic
recipients induces a myeloproliferative syndrome, but
coexpression of Aml1-Eto induces acute leukemia.
Similarly, transplantation of bone marrow cells
expressing both Bcr-Abl and a NUP98-HOXA9 fusion
protein induces AML.118 In contrast to AML, transloca-
tions involving the core-binding factors CBF� and
AML1 have only occasionally been observed in blast
crisis, and there is little evidence for point mutations
in these key regulators of myeloid differentiation. A
more attractive candidate is EVI-1/MDS-1, a transcrip-
tion factor that is affected by several chromosomal
aberrations, such as t(3;21)(q26;q22), inv(3)(q21q26),
or t(3;3)(q21q26), that belong to the recurrent non-
random abnormalities in patients with transition to
blast crisis.33 In addition, increased expression of EVI-
1 mRNA has been observed in patients with blast cri-
sis.119 Mice transplanted with bone marrow cells
expressing both Bcr-Abl and Aml1-Evi-1 develop AML,
and both components of the chimeric protein are
required for induction of this phenotype.120,121 Very
recently, an AML1-EVI-1 fusion protein has been
shown to suppress the transcription factor CEBPA in
AML.122 CEBPA has also been implicated by a study
that showed that CEBPA expression is inhibited in
blast crisis cells as a result of posttranscriptional modi-
fication by the poly (rC) binding protein hnRNP E2.123

Another transcription factor implicated in blast crisis
is Wnt, whose activation in progenitor cells may
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endow them with increased self-renewal capacity,124

which however does not readily explain their failure to
differentiate. Lastly, it should be mentioned that
increased expression of Bcr-Abl protein125 and methy-
lation of the ABL promoter126 have also been linked to
disease progression.

MURINE MODELS OF Bcr-Abl-POSITIVE LEUKEMIA
In a seminal study Daley and colleagues showed that
transplantation of murine bone marrow infected with a
Bcr-Abl retrovirus into lethally irradiated syngeneic
recipients induced a myeloproliferative syndrome that
resembled human CML.4 This study provided strong
evidence that Bcr-Abl is the causative agent responsible
for CML and suggested that no additional abnormalities
are required for leukemogenicity. However, disease pen-
etrance with the model was relatively low. In addition,
a proportion of mice developed atypical Bcr-Abl-posi-
tive tumors, such as macrophage tumors. Subsequent
studies showed that the conditions used for retroviral
infection of murine bone marrow greatly impact the
phenotype of the disease.127 For example, mice trans-
planted with marrow harvested from donor mice not
treated with 5-fluorouracil almost invariably develop B-
cell ALL, not a myeloproliferative syndrome. Another
important variable is the promoter used to drive the
expression of Bcr-Abl. Thus, a more recently developed
model uses the promoter of the murine stem cell
leukemia and employs high viral titers for transduc-
tion.128 With this approach, 100% of animals develop a
myeloproliferative syndrome resembling CML with a
latency of approximately 25 days. Although the refine-
ments to the murine disease model have greatly
increased its usefulness, one remaining concern is that
the Bcr-Abl-positive myeloproliferative syndrome,
though phenotypically resembling chronic phase CML,
is in reality a very aggressive and rapidly lethal leukemia,
in contrast to the chronic phase of human CML. This

may be due the fact that levels of Bcr-Abl protein are
much higher than in human CML cells. 

Transgenic approaches placing Bcr-Abl under the
control of the Bcr promoter were initially not successful,
due to embryonic lethality.129 However, with the use of a
tetracycline-repressible system and enhancer elements
of the SCL locus, it has recently been possible to gener-
ate transgenic mice that develop a myeloproliferative
syndrome that reproduces some of the features of
chronic phase CML and is reversible on re-exposure to
tetracyclin.130

SUMMARY

CML is defined by the presence of a BCR-ABL fusion
gene that gives rise to a cognate chimerical protein with
constitutive tyrosine kinase activity. Cytogenetically,
the BCR-ABL translocation is evident as a Ph chromo-
some, but some 5% of patients have a cryptic translo-
cation that is detectable only by FISH or RT-PCR. It is
thought that the BCR-ABL translocation occurs in a
pluripotent hematopoietic stem cell and is the only
event required for the induction of chronic phase
CML, although this has been questioned. Bcr-Abl
tyrosine kinase activity maintains a complicated and
redundant network of signaling pathways, individual
components of which are frequently dispensable for
malignant transformation. The biological hallmarks
of CML cells, increased proliferation, reduced apopto-
sis, and perturbed adhesion to extracellular matrix,
are almost exclusively dependent on Bcr-Abl’s tyro-
sine kinase activity, indicating that the latter is an
ideal therapeutic target. The mechanisms underlying
disease progression are not well understood. Analogy
to AML suggests that the function of a transcription
factor may be disrupted that is essential for coordi-
nated myeloid cell differentiation.
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The treatment of chronic myelogenous leukemia (CML)
has been characterized in recent years by some of the
most remarkable achievements in the treatment of can-
cer.1 Some of the best results obtained with allogeneic
stem cell transplantation (SCT) have been reported in
CML, and some of the leading observations that triggered
our current knowledge about graft-versus-leukemia effect
and the immunology of transplant were pioneered in
CML. CML was probably also one of the first malignan-
cies in which a biologic agent, interferon alpha (IFN-�),
was able to eliminate the disease, substantiated by the
achievement of a complete cytogenetic remission in a
fraction of all patients treated. Most recently, the intro-
duction of imatinib mesylate represents one of the best
examples of a target-specific therapy that has resulted in
complete responses for the majority of patients with this
disease. The availability of several treatment modalities
that may improve the survival of patients with any malig-
nancy is welcome. The current challenge, however, is to
learn to integrate these strategies in a way that will result
in the greatest probability of long-term survival for most
patients diagnosed with CML. It is no longer a matter of
treatment options, but of treatment strategies. In this
chapter, we will discuss the current treatment alternatives
for patients with CML in chronic phase. This is an evolv-
ing field not free of controversy, and the major elements
of this controversy will be discussed here. Although IFN-�
has been largely replaced by imatinib as the centerpiece of
the management of patients with chronic-phase CML,
the lessons learned from IFN-� are important and will
therefore be discussed first.

IFN-�

Treatment with IFN-� resulted in a complete cyto-
genetic remission (i.e., 0% Philadelphia-chromo-
some (Ph)-positive metaphases) in 5–25% of the

patients treated. A partial cytogenetic response (i.e.,
1–34% Ph-positive metaphases) was achieved in
10–15% of the patients treated, for a major cytoge-
netic remission rate (i.e., 0–34% Ph-positive) of
30–35%.2 With the addition of other agents, partic-
ularly cytarabine, a complete cytogenetic response
was achieved in up to 35% of patients and a major
remission in up to 50%.3–7 Achieving a complete
cytogenetic remission was associated with an
improved survival: 78% of the patients who
achieved a complete response are alive at 10 years.8

Patients with a partial cytogenetic remission have a
survival advantage (39% at 10 years) over those
with a minor cytogenetic response (i.e., 35–95% Ph-
positive) or no cytogenetic response (25% at 10
years), although survival is not as favorable as that
for patients achieving a complete remission. Thus,
the goal of therapy in the IFN-� era became achieve-
ment of a complete cytogenetic remission, in con-
trast to the hematologic response, which was the
goal of therapy in the hydroxyurea/busulfan era.

Among patients who achieve a complete cytoge-
netic remission, there is a significant variability in
terms of their molecular response. Patients who retain
high levels of minimal residual disease by quantitative
polymerase chain reaction (Q-PCR) have a high proba-
bility of relapse, whereas 80% of those with levels
�0.045% remained in remission after 3 years.9

Furthermore, approximately 30% of patients who
achieve a complete cytogenetic remission have unde-
tectable disease by PCR (i.e., achieve complete molecu-
lar remission). These patients are cured from CML,
with none having relapsed after a median follow-up of
10 years.8 Among those with residual disease by PCR,
40–60% have remained in cytogenetic remission after
10 years in what has been called “functional cure.”
Although this finding emphasizes the significance of
achieving a molecular remission, it also points to the
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fact that some patients might live with low levels of
minimal residual disease with no clinical evidence of
CML. This has been attributed to immune mecha-
nisms stimulated by IFN-�. In fact, cytotoxic T lym-
phocytes specific for PR1, a peptide derived from pro-
teinase 3, which is overexpressed in CML, are found in
patients in complete remission after IFN-� therapy (or
SCT) but not in those without complete cytogenetic
remission or those treated with chemotherapy.10 These
lymphocytes may be responsible for the elimination or
control of the residual leukemic cells.

STEM CELL TRANSPLATATION (SCT)

The results, techniques, and practical aspects of SCT
will be described in detail in Chapter 37. However,
some important aspects of SCT in CML and its integra-
tion with other treatment options are discussed here.
First, SCT may be curative for a significant fraction of
eligible patients who receive a transplant from a
human leukocyte antigen (HLA)-identical sibling.
Unfortunately, because of the requirements for age,
adequate organ function and performance status, and
availability of donor,  only a fraction of patients are
eligible for this procedure. The expected proportion of
all patients with CML that may be eligible for a stem
cell transplant is unknown, but considering that the
median age is 66 years,11 it is probably a small percent-
age.

The expected results with this procedure can be
exemplified by a recent series from Seattle.12 This study
used targeted busulfan plus cyclophosphamide as the
conditioning regimen for 131 patients in early chronic
phase with a median age of 43 years (range, 14–66
years). At 3 years, the projected nonrelapse mortality
rate was 14%, and 78% were projected to be alive and
free of disease. Among survivors, 60% had extensive
chronic graft-versus-host disease (GVHD) 1 year after
transplantation, but only 10% had a Karnofsky score
less than 80%. Interestingly, 11% of patients had min-
imal residual disease documented by PCR, but had not
relapsed at the time of the report, suggesting that a
mechanism such as immune surveillance could pre-
vent relapse of the disease.12 This phenomenon would
be similar to the “functional cure” described with IFN-�.
Occasionally, patients may relapse many years after
SCT. Few series have analyzed the very long-term
results of SCT, and thus the magnitude of this problem
is difficult to measure. A recent series analyzed the very
long-term follow-up of 89 patients transplanted at a
single institution.13 Twenty-eight (32%) were alive 10
or more years after their transplant. The mean time to
hematologic or cytogenetic relapse was 7.7 years, with
five patients relapsing more than 10 years after trans-
plantation.

Results with SCT for patients transplanted in more
advanced stages of the disease (accelerated or blast

phase) are worse, with 5-year survival probabilities of
40–60% for patients in accelerated phase and 10–20%
for those in blast phase. Patients in blast phase who are
transplanted in second chronic phase may have long-
term outcomes similar to those of patients in acceler-
ated phase. For patients who do not have a sibling
donor, transplantation from a matched unrelated
donor (MUD) is an option. The results with MUD
transplants have been inferior, mostly because of the
increased risk of GVHD. The long-term disease-free
survival rate after MUD transplant for young patients
transplanted within 1 year from diagnosis is 57% com-
pared to 67% for those receiving transplants from
matched siblings.14 The results with MUD are, how-
ever, improving in recent years with decreasing rates of
GVHD and improving probability of long-term sur-
vival with the use of molecularly matched donors,
although this may further limit the availability of
donors. In an attempt to make the SCT option avail-
able to more patients, nonmyeloablative transplants
have been used for those of older age or with other
health considerations that would otherwise prevent
them from receiving a SCT. Long-term results are not
yet available with these techniques, but early results in
small series report disease-free survival rates as high as
85% at 70 months.15 If these results hold in larger
series with long-term follow-up, stem cell transplant
would be applicable for the more typical patients (i.e.,
median age 66 years) who have matched sibling
donors. The use of alternative donors, such as cord
blood or haploidentical donors, is still in early investi-
gational stages and has not demonstrated any advan-
tage over nontransplant investigational options.

One important aspect to consider in the setting of
other effective treatment options is the timing of SCT.
Earlier results from the IBMTR suggested that SCT per-
formed after 12 months from the time of diagnosis
had a significantly inferior outcome. Recently, it has
been suggested that transplant within the first 24
months,16 and in some series within 36 months,17

have similar outcomes to those performed within the
first 12 months. Thus, decisions regarding SCT must be
made early and reevaluated at early time points in
patients who are treated with imatinib but are trans-
plant candidates. These considerations will be further
discussed later in the chapter.

Another important consideration is the possible
effect that prior therapy with other agents may have
on the results expected with stem cell transplant.
Some studies had suggested that prior therapy with
IFN-� adversely affected the outcome after transplan-
tation.18 However, several subsequent trials demon-
strated that no such adverse effect exists.19–22 Some
early observations suggest that prior therapy with ima-
tinib has no adverse impact on the outcome after
SCT.23,24 Although these observations are still limited
and have short follow-up, there is little reason to
believe that a significant effect may be observed.
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IMATINIB MESYLATE

The first clinical use of imatinib mesylate (imatinib) in
CML was among patients who had failed prior therapy
with IFN-�-based therapy or who could not tolerate
this therapy. In a dose-finding study, using daily doses
of 25–1000 mg daily, few responses were observed at
doses of up to 250 mg daily.25 However, 98% of patients
receiving a dose of at least 300 mg daily achieved a
complete hematologic response (CHR), and 54%
achieved a cytogenetic response. In addition, imatinib
proved to be well tolerated at doses up to 1000 mg,
with no dose limiting toxicity identified, and a maxi-
mum tolerated dose was not reached.25 A dose of
400 mg daily was selected for a subsequent study
including 454 patients in late chronic phase who had
failed or were intolerant to IFN-� therapy.26 At the most
recent update, a CHR was achieved in 95% and a major
cytogenetic response in 60 % (complete in 48%). After
a median follow-up of 18 months, the progression-free
survival rate was 89%, and 95% of the patients were
alive.26 Similar results have been reported in more
recent, smaller series.9,10 The use of imatinib in this set-
ting is now over 5-years old, and longer-term follow-up
has been reported in a cohort of 261 patients treated at
a single institution.27 A major cytogenetic response has
been achieved in 73% of patients, including a complete
response in 61%. Responses have been durable, with
over 90% of patients who achieved a complete cytoge-
netic response maintaining a major response. With a
median follow-up of nearly 4 years, 80% of patients
were alive and free of progression and 86% are alive.
More importantly, the molecular responses to imatinib
have continued to improve, with 31% of patients with
a BCR-ABL/ABL ratio of �0.05% and 15% with unde-
tectable BCR-ABL transcripts by nested PCR. These
results show that the favorable response to imatinib is
durable after 4 years for the majority of patients; these
results may continue to improve with continuation of
therapy.27

These favorable results have been confirmed with
imatinib in early chronic-phase CML when used as
first-line therapy. A multicenter randomized trial
compared imatinib with IFN-� and low-dose ara-C in
patients with previously untreated, early chronic-
phase CML (IRIS trial).28 After a median follow-up of
18 months, the estimated rate of a major cytogenetic
response was 87% in the imatinib group and 35% in
the IFN-� plus ara-C group (p �0.001). The estimated
rates of complete cytogenetic response were 76% and
15%, respectively (p �0.001). At 18 months, the esti-
mated rate of freedom from progression to acceler-
ated or blastic phase was 97% in the imatinib group
and 92% in the IFN-� group (p �0.001). The toxicity
profile and quality of life were significantly better for
patients treated with imatinib.29 However, a survival
advantage could not be demonstrated in this study
for patients treated with imatinib, mostly due to

early crossover from IFN-� to imatinib (by protocol
design or by patient’s choice) in over 85% of the
patients randomized to IFN-�. An analysis of ima-
tinib-treated patients compared to a historical con-
trol treated with IFN-�-based therapy shows the sig-
nificant survival advantage that would be expected
with the higher rate of cytogenetic and molecular
responses seen with imatinib.30 A recent update of
the IRIS trial reported a rate of complete cytogenetic
response of 86%. These responses have been durable,
with 93% of patients who achieved a complete cyto-
genetic response still having this response after 60
months. The estimated survival free of transforma-
tion at 5 years is 93% and the overall survival is 89%
(95% if only CML-related deaths are considered).
Another independent series of 50 similar patients
treated with the standard dose (400 mg) of imatinib
reported similar results: a major cytogenetic response
in 90% and a complete cytogenetic response in
72%.31 Thus, imatinib has become the standard ini-
tial therapy for patients with CML. A discussion
regarding the decision between transplant and ima-
tinib and treatment algorithms will be presented at
the end of this chapter. 

DOSE
The standard imatinib dose for patients treated in
chronic phase is 400 mg daily. The selection of this
dose after the dose-finding phase I study was some-
what arbitrary, as no dose limiting toxicity was identi-
fied at doses of up to 1000 mg daily.25 It also provided
some suggestion of improved responses with higher
doses, as few responses were observed at the lowest
doses, and 53% of those treated with 140–250 mg daily
had a hematologic response (11% had a cytogenetic
response). Nearly all patients treated at doses of 300
mg or higher had a hematologic response and 54%
achieved a cytogenetic response.25 Thus, current rec-
ommendations are to avoid treating patients with less
than 300 mg of imatinib daily. Furthermore, there is a
growing evidence that higher doses of imatinib
(600–800 mg daily) may result in significantly higher
response rates (and faster responses) compared to the
standard dose. One study used 800 mg daily for
patients who had failed prior IFN-�-based therapy but
had never received imatinib.32 A complete cytogenetic
response was achieved in 90% of the patients, com-
pared to the historical 48% with standard dose in a
similar population. More importantly, 50% of the
patients had undetectable levels of BCR-ABL with
nested PCR.32 A subsequent study used the same
approach for untreated patients with CML in early
chronic phase. Among 114 such patients treated with
800 mg of imatinib daily (in two divided doses of
400 mg), a complete cytogenetic response was
achieved in 90%, most within 6 months of the start of
therapy. After 18 months of therapy, 28% of the
patients had undetectable BCR-ABL by nested PCR,
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compared to 4–10% with standard dose imatinib.32 A
third study, from a different group, used 600 mg of
imatinib and previously untreated patients with early
chronic-phase CML, increasing the dose to 800 mg if
responses were not progressing according to predeter-
mined desired endpoints. After 6 months of therapy,
79% of patients had achieved a complete cytogenetic
response. Patients who received the target dose with
no dose reductions had a significantly better molecular
response than those receiving lower average doses,
even if higher than the standard, suggesting improved
molecular responses with increasing doses.33 Thus,
although today the standard dose of imatinib for
chronic-phase CML is still 400 mg daily, the data sum-
marized above suggest that this may be changing in
the near future. 

MONITORING
For many years, hematologic response was the goal of
therapy with agents such as hydroxyurea and busul-
fan. The most important legacy of the IFN-� era was to
demonstrate that achieving a cytogenetic response
would prolong the survival of patients with CML.8,34

The goal of therapy became achieving a major, and
particularly a complete cytogenetic response. With
most patients achieving a complete cytogenetic
response on imatinib, the goal of therapy is shifting
again now toward achieving a molecular response.
Eliminating all evidence of minimal residual disease
(at least according to currently available techniques) is
associated with improved probability of long-term
remissions in many tumors. This is clearly true also in
CML.

The clinical significance of molecular monitoring
in CML is best documented in patients treated with
an SCT. Patients who have BCR-ABL detectable by
PCR, particularly if later than 6 months after trans-
plant, have a significantly higher probability of
relapse.35,36 Furthermore, Q-PCR has become an
important tool to determine the risk of relapse.
Patients with the highest levels of BCR-ABL tran-
scripts have the highest risk of relapse.35,36 Molecular
monitoring with Q-PCR is thus routine after SCT.
Indeed, early intervention (e.g., donor lymphocyte
infusion) is frequently indicated based on increasing
levels of BCR-ABL transcripts, with the best results
obtained when intervention occurs at the first evi-
dence of relapse. Among patients treated with IFN-�,
there is a considerable heterogeneity in the levels of
BCR-ABL transcripts detectable among those who
achieve a complete cytogenetic response. However,
the risk of relapse is minimal for patients with levels
below the median, while most of those with higher
levels lose their response.9 Indeed, approximately
one-third of patients who achieve a complete cytoge-
netic response have undetectable BCR-ABL tran-
scripts by nested PCR, and none of these patients has
lost this response after 10 years.8

Despite the relatively brief follow-up available for
patients treated with imatinib, there is mounting evi-
dence that molecular monitoring has important clin-
ical implications. The IRIS trial demonstrated a signif-
icantly improved molecular response with imatinib
compared to IFN-� at each time point from the achieve-
ment of complete cytogenetic response.37 Overall,
after a median follow-up of 18 months, nearly 40% of
the patients treated with imatinib had a 3-log reduc-
tion of BCR-ABL transcripts, and 4–10% had unde-
tectable BCR-ABL levels. This magnitude of response
was rare among patients treated with IFN-�. This may
have been due, in fact, to the short follow-up for
patients treated with IFN-�, as over 80% of patients
crossed over to the imatinib arm after a short period
of time. Still, with the significantly higher rate of
complete cytogenetic responses achieved with ima-
tinib, it is likely that a significant difference would
have been observed even if patients had continued
IFN-� therapy. Furthermore, obtaining a molecular
response earlier has important clinical implications.
Among patients who achieved a complete cytoge-
netic response with imatinib, those who had at least
a 3-log reduction in BCR-ABL transcripts at 12
months from the start of therapy had a significantly
better probability of progression-free survival com-
pared to those who had a less pronounced reduc-
tion.37 In another study of patients in chronic phase,
who had achieved a complete cytogenetic response
after imatinib therapy, those who achieved levels of
BCR-ABL/ABL ratio of �0.05% (i.e., major molecular
response) had a significantly lower probability of los-
ing their cytogenetic response compared to those
who did not reach these levels.38 The difference was
even more significant when considering only patients
who achieved a complete molecular response (i.e.,
undetectable BCR-ABL). Similarly, those who had
achieved a major molecular response after 12 months
of therapy had a significantly better predicted proba-
bility of a sustained complete cytogenetic remis-
sion.38 A third study with a relatively smaller cohort
of patients confirmed a longer duration of complete
cytogenetic response for patients who had a maxi-
mum reduction of BCR-ABL transcripts of at least 2
logs.39 It has also been suggested that patients who
have lower levels of transcripts detectable after the
first few months of therapy with imatinib have a sig-
nificantly lower probability of developing point
mutations conferring resistance to imatinib. Thus, it
is evident from these studies that the objective of
therapy in the imatinib era should be to achieve at
least a major molecular response, and that achieving
this response early increases the probability of a long-
term durable response.

A recommended algorithm for monitoring patients
receiving therapy with imatinib is presented in Table
18.1. At the time of diagnosis, it is recommended that
all patients have a regular karyotype as well as Q-PCR
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(real-time PCR) done. As will be discussed later in this
chapter, the first 12 months of therapy may be the
most critical to establish the long-term prognosis of
the patient, and therefore to make treatment deci-
sions. Thus, during these first months, repeat monitor-
ing is recommended every 3–6 months. This should
include Q-PCR and cytogenetics. The major inconve-
nience of monitoring with cytogenetics is the need for
a bone marrow aspiration. However, this is the only
test to date that gives reliable information regarding
other chromosomal abnormalities. The presence of
additional chromosomal abnormalities may reduce
the probability of response to imatinib and the overall
survival.40–42 In addition, 6–8% of patients who
respond to imatinib may develop chromosomal abnor-
malities in the Ph-negative metaphases.42–44 Although
the long-term implications of these abnormalities are
still uncertain, it is important to recognize and follow
this phenomenon. After the first 12 months of ther-
apy, Q-PCR should be performed at least every 6–12
months and a routine cytogenetic analysis every 12
months. Fluorescent in situ hybridization can be used
to monitor the cytogenetic response between cytoge-
netic analysis, as it can be done in peripheral blood.
However, even with the newest probes, there is a small
percentage of false positivity. For the determination of
molecular response, a Q-PCR (i.e., real-time PCR) is
needed. Unfortunately, this test is not widely avail-
able. Furthermore, there is considerable heterogeneity
between the reports from different laboratories, and
the results from many laboratories that offer this test
have not been clinically validated. In addition, the
analysis of the results from the IRIS trial, the largest to
date to report on molecular monitoring, initiated mol-
ecular monitoring only after the patients achieved
complete cytogenetic response. To determine the log
reduction at different time points, a baseline was
derived from results obtained from 30 patients. Thus, a
3-log reduction in fact corresponds to levels of
�0.036%, which is a 3-log reduction from the stan-
dardized base line of 36% for the sample cohort. Using
each patient’s individual baseline value to determine
the 3-log reduction has not been validated as an
important endpoint.

CONTINUATION OF THERAPY
Once a patient starts therapy with imatinib, early end-
points are predictive of longer-term response and
should be followed carefully. The initial report on
patients in chronic phase treated with imatinib after
IFN-� failure showed that patients who have no cyto-
genetic response after 3 months of therapy have only
a 12% probability of later achieving a complete cyto-
genetic response with continuation of therapy. In
contrast, patients who have achieved at least a minor
cytogenetic response after 3–12 months of therapy
have a 35–50% probability of later achieving a com-
plete response.45 A similar analysis of patients with
previously untreated chronic-phase CML derived
from the IRIS population has recently been pre-
sented.46 Patients with no or minor cytogenetic
response after 3 months of therapy have a 50% proba-
bility of achieving a complete cytogenetic response at
2 years. However, patients with no cytogenetic
response after 6 months of therapy have only approx-
imately a 10% probability of achieving a complete
cytogenetic response at 2 years, compared with 50%
for those with at least a minor response. After 12
months of therapy, only those patients who have
achieved a partial cytogenetic response have a reason-
able probability of achieving a complete response
with continuation of therapy.46 These observations
have been incorporated into the treatment algorithm
proposed in Figure 18.1.

DISCONTINUATION OF THERAPY
An important consideration is whether imatinib
therapy can be safely discontinued for patients who
have an adequate response (e.g., complete cytoge-
netic or molecular response) and if so when to do it.
There is only limited published information in this
regard, including case reports or small series.47–49 Two
patients have been reported to have a sustained
response after discontinuation of therapy. However,
one series of three patients and one patient from
another series have all lost their response after dis-
continuation of therapy following a complete mole-
cular response. Interestingly, the responses were lost
rapidly (i.e., within 3–6 months) after discontinua-
tion of therapy, uncovering more rapid kinetics of
the disease than are traditionally recognized. In at
least two patients where imatinib was reinitiated,
patients again rapidly responded, suggesting that
resistance to imatinib had not evolved, but rather
that continuation of therapy was required. It has
been suggested that the earliest, probably quiescent,
progenitor cells in CML are insensitive to imatinib in
vitro.50 It is conceivable that these progenitors might
trigger proliferation of leukemia once the inhibitory
pressure of imatinib is eliminated. In view of these
observations, even when limited, the current recom-
mendation is to continue therapy with imatinib
indefinitely. 
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Table 18.1 Recommendations for monitoring of
patients treated with imatinib

Timing Recommended tests and frequency

At diagnosis • Cytogenetics, Q-PCR, ?FISH
First year • Cytogenetics every 3–6 months

• Q-PCR every 3–6 months
After first year • Cytogenetics every 6–12 months

• Q-PCR every 3–6 months

Q-PCR 
 quantitative polymerase chain reaction; FISH 
 fluores-
cent in situ hybridization.



MANAGEMENT OF MYELOSUPPRESSION
Overall, imatinib is well tolerated. Probably the most
common adverse event with imatinib is myelosuppres-
sion. Grade 3 or higher neutropenia (i.e., neutrophils
�1 � 109/L) occurs in up to 35–45% of patients, and
thrombocytopenia in 20–25%.26,28,32,51,52 Severe ane-
mia is less common, occurring in 5–10% of the
patients. All of these are more common in patients
who have failed prior therapies (e.g., IFN-�), and are
dose-related, occurring more frequently among
patients treated with higher doses. Patients who
develop grade 3 or higher neutropenia or thrombocy-
topenia may have a lower probability of achieving a
cytogenetic response. The adverse prognosis is partic-
ularly noticeable among patients whose myelosup-
pression lasts longer than 2 weeks.51,53 This has been
attributed to a decreased dose intensity, as the cur-
rent recommendation is to interrupt therapy in
patients who develop this degree of myelosuppres-
sion and reduce the doses for those who take more
than 2 weeks to recover.54 To try to overcome these
events, hematopoietic growth factors have been
used. Most patients who develop neutropenia
respond rapidly to the use of filgrastim (G-CSF)55–57,

allowing for more continued therapy with imatinib
and improved response in many instances. A similar
effect has been reported with oprelvekin (inter-
leukin-11) for patients with thrombocytopenia.58

Patients with anemia do not carry an inferior prog-
nosis.59 This is probably due to the fact that most
patients have only grade 1 or 2 anemia, and it is not
currently recommended to interrupt therapy for ane-
mia grade 3 or higher. There have been reports about
the effective use of erythropoietin59,60 and darbepo-
etin61 for these patients. Although these short series
suggest that the use of these growth factors is safe in
these settings, their use is not currently standard or
approved and should be considered with caution. In
addition, most patients who develop myelosuppres-
sion will not need hematopoietic growth support.
This adverse event is more frequently seen during
the first few months of therapy. Treatment interrup-
tion is frequently all that is needed for recovery, and
most patients will not even require dose reductions.
Myelosuppression after the first 3 months of therapy
is less common and it is in this setting that it may
represent a more significant management problem,
particularly when prolonged or recurrent.
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Figure 18.1 Proposed
treatment algorithm for
patients with CML in early
chronic phase. TKI, tyrosine
kinase inhibitors)



MANAGEMENT OF OTHER TOXICITIES
Although nonhematologic adverse events are rela-
tively common with imatinib, these are frequently
mild, and can be managed easily. Grade 3 or higher
adverse events are seen seldomly, and only 2–3% of
the patients require permanent discontinuation of
therapy because of toxicity. A guideline for the man-
agement of the most common adverse events is pre-
sented in Table 18.2. Early intervention is important
to help avoid more significant problems and unneces-
sary treatment interruptions and dose reductions.
There has been some concern regarding the possibility
of late adverse events with prolonged therapy with
imatinib in view of its inhibition of c-kit and platelet
derived growth factor receptor (PDGFR). However, to
date, there is no evidence of any unexpected late com-
plications.

TREATMENT RECOMMENDATIONS

The most complex and controversial aspect of therapy
is the treatment algorithm for a patient with previ-
ously untreated CML in early chronic phase. The
results with imatinib, particularly with higher doses,
are excellent. The one major drawback of imatinib
treatment is the relatively short follow-up, as this
modality has been used for patients with previously
untreated chronic-phase CML for only approximately
6 years and as a first line of therapy for approximately
5 years. As the results continue to improve, imatinib
would become the preferred therapy for all patients, as
it is associated with minimal toxicity and with no
treatment-related mortality. If an extrapolation can be
made from the IFN-� data, it is reasonable to expect
that a significant proportion of patients may be cured
with imatinib. Seventy-eight percent of patients who
achieve a complete cytogenetic response with IFN-�
are alive after 10 years, but only 25–35% of patients
achieve this response with IFN-�-based therapy. With
imatinib, 80–90% of patients achieve this response.
Responses also occur earlier with imatinib, and early
responses are associated with an improved long-term
outcome. More importantly, the rate of molecular
responses is significantly higher with imatinib, sug-
gesting that there are not only more, but better
responses with this agent compared to IFN-�.
However, the immune modulation that is associated
with IFN-� therapy is lacking with imatinib. Immune
phenomena are thought to be responsible for the long-
term durable cytogenetic and hematologic responses
after IFN-� therapy, even in the setting of minimal
residual disease (i.e., “functional cures” or dormant
state).10,62 Allogeneic SCT can be curative in a signifi-
cant proportion of patients eligible to receive this
approach. Besides availability of a donor and age, the
major consideration of whether or not to pursue this
therapy is the risk of early mortality and the long-term
complications. Early mortality is usually lowest among
younger patients, particularly those younger than age
20–30 years. Most studies of SCT emphasize the results
in the first few years, but late relapses and complica-
tions should also be taken into consideration.
Extensive chronic GVHD can be seen in as many as
60% of the patients treated,12 and late relapses can
occur in some patients.13 All of these issues need to be
evaluated when deciding on SCT, and the local experi-
ence at the site where the transplant is to be performed
needs to be taken into account. When alternative
transplant options are being sought, the increased
risks and lack of long-term data should be recognized.
Matched unrelated transplants may be associated with
increased mortality and GVHD, although molecular
matching has decreased these risks considerably.
Thus, if the local experience is favorable, these trans-
plants could be considered for younger patients.
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Table 18.2 Management of adverse events associated
with imatinib therapy

Myelosuppression
Monitor CBC weekly for 2–3 months, then every 4–6 weeks
Hold therapy for grade �3 neutropenia or thrombocy-
topenia:
– ANC �1 � 109/L
– Platelets �50 � 109/L

Do not hold for anemia
Monitor CBC at least weekly after holding
Restart when ANC �1 � 109/L, platelets �50 � 109/L

– If recovery occurs within 2 weeks, restart at the same
dose

– If recovery takes longer than 2 weeks, decrease the dose
(not less than 300 mg/d)

Consider use of growth factors (G-CSF, IL-11, EPO) for
patients with recurrent myelosuppression

Nonhematologic toxicity
Manage grade �2 toxicity early. Some suggestions include

Adverse event
Nausea
Diarrhea
Skin rash
Peripheral edema
Periorbital edema
Muscle cramps
Bone aches
Liver dysfunction

CBC, complete blood count; ANC, absolute neutrophil count.

Management
Antiemetics (Compazine,

Zofran, etc)
Antiadiarrhea (Imodium,

Lomotil, etc)
Topical and/or systemic 

steroids, antihistamines
Diuretics
Preparation H
Tonic water, quinine, calcium

supplements
Nonsteroidal anti-inflammatory

agents
Monitor frequently

Hold therapy for grade �3 toxicity
or persistent grade 2 toxicity not
responding to optimal management
Restart therapy at a lower dose
when toxicity resolves to grade �1



Nonmyeloablative conditioning regimens have allowed
offering transplantation to patients in older age groups
or with comorbid conditions. The early mortality is
decreased with these transplants, though late compli-
cations may be similar to full ablative regimens. These
are still relatively new options and there is little long-
term data on efficacy and late complications. As
longer-term follow-up becomes available regarding the
incidence of late relapses and complications, these
options may become more standard. Transplantations
with alternative donors, such as mismatched and hap-
loidentical donors and umbilical cords, should be con-
sidered investigational and considered only when
other options have failed. 

For a patient who has no option for a stem cell
transplant, the decision regarding frontline therapy is
simple and the treatment of choice is undoubtedly
imatinib. More controversial at this time is the proper
dose at which treatment should be initiated. The stan-
dard dose is 400 mg daily. However, as mentioned ear-
lier, results with higher doses have strongly suggested
that these doses are more effective and well tolerated
for the majority of patients. Ideally, all patients should
be included in clinical trials looking at either high-
dose imatinib or imatinib-based combinations. Several
trials of this nature are currently being performed
around the world. For the patient who will not be
entered in a clinical trial, although higher doses may
be preferred, they may not be practical for financial or
other considerations. In such instances, the standard
dose can be initiated. Close monitoring is of the out-
most importance in such cases, and increasing the
dose when response goals are not being met at the
desired times should be encouraged.

The decision regarding therapy is more complicated
and controversial for young patients who have a fully
matched sibling. Results with transplant are best
among those younger than age 25–30 years, and SCT
should be given consideration. As a patient’s age
increases, the risks involved with transplantation also
increase. For most patients, an initial trial with ima-
tinib is probably adequate. However, if the decision is
made to start therapy with imatinib, it is important,
particularly in the case of the younger patients with an
adequate sibling donor, to monitor the patient closely
with cytogenetic and molecular monitoring to be cer-
tain that the response is progressing as desired. 

The proposed ideal goals for patients being treated
with imatinib are presented in Table 18.3. For a
patient who has not achieved a hematologic response
by 3 months, or a minor cytogenetic response by 6
months or partial by 12 months, changing therapies
should be strongly considered. What the alternative
therapy should be in these cases varies from patient
to patient. Increasing the dose of imatinib to 800 mg
daily would be the first choice for patients who are
being treated with standard dose of imatinib and
have had no significant nonhematologic toxicity. If
the patient has had hematologic toxicity at the lower
doses, the use of hematopoietic growth factors can be
considered. For patients who have already been tak-
ing higher dose imatinib, and who have the option of
an allogeneic stem cell transplant, this option should
be considered if the expected 1-year mortality is
�40%.

Some scenarios are controversial, and sufficient
information may be lacking to make strong recom-
mendations. Patients who achieve a complete cytoge-
netic remission but have less than a 3-log reduction in
transcript levels have a worse prognosis than those
who have at least a 3-log reduction. However, the
progression-free survival at 3 years is still 92% and it
probably does not justify a change in therapy, particu-
larly when there is a significant risk of mortality or
other serious complications. Patients who show an
increase in transcript levels after reaching a nadir also
pose a dilemma. It has been suggested that a twofold
increase may herald the appearance of mutations,63

but this data has not been confirmed by other studies.
Also, the short survival proposed for patients with P-
loop mutations has not been confirmed in other stud-
ies. Thus, at this time, strong recommendations can-
not be made based on molecular monitoring alone,
particularly when the risks involved with the proposed
new therapy are high. The same can be said about the
appearance of chromosomal abnormalities in Ph-nega-
tive metaphases that occurs in up to 16% of patients.
The few instances in which such patients have been
diagnosed with myelodysplastic syndromes have been
based on soft criteria. Indeed, in many instances these
abnormalities may spontaneously disappear. Thus, in
the absence of clear data suggesting that these changes
affect the long-term outcome of patients, they deserve
no more than careful monitoring.
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Table 18.3 Recommendations regarding continuation of therapy with imatinib by response at various times after
initiation of imatinib therapy

Months of treatment

Response 3 6 9 12

No CHR Change Change Change Change
CHR, �95% Ph-positive Continue Change Change Change
CHR, 35–95% Ph-positive Continue Continue Continue Change
CHR, 1–35% Ph-positive Continue Continue Continue Change

CHR, complete hematologic response.



CONCLUSION

The introduction of imatinib has changed our consid-
erations for treatment for patients with CML in
chronic phase. For most patients, imatinib should be
the standard and therapy should be optimized with
the intention to achieve a molecular remission as early
as possible. Controversy exists regarding the ideal

strategy for young patients with the option of an allo-
geneic stem cell transplant, and probably either option
is appropriate as a first-line therapy. Adequate manage-
ment is particularly important in these patients if one
is to optimize the probability of achieving long-term
durable remissions and minimize the risks for the
majority of patients with CML.
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INTRODUCTION

Until recently, the progression to blast phase was con-
sidered inevitable for almost all patients with chronic
myelogenous leukemia (CML).1 Except for a minority
of patients able to tolerate interferon and achieve a
complete cytogenetic response, or for those with an
HLA-matched sibling and young enough to survive a
bone marrow transplant, most patients entered the
blastic phase of CML and died within 6 months to a
year.2 Fortunately, advances in both transplantation
and nontransplantation therapy have improved the
outlook for patients with chronic-phase CML, and by
extension, have changed the way in which patients
entering the blast phase present and are approached
therapeutically.

Imatinib mesylate, widely available by the year
2000, is currently the initial treatment of choice for
the majority of patients with CML. Although follow-
up is short, preliminary results have demonstrated that
close to 80% are achieving complete remissions and
less than 10% of the patients have progressed to blast
phase by 4 years.3 Concurrently, the development of
large marrow donor registries, coupled with improved
transplantation techniques for older patients and for
those undergoing unrelated donor transplants, have
led to an increased use of transplantation for patients
unresponsive to imatinib, who in the past would have
been deemed ineligible for this procedure.4

Although the duration of response to imatinib is
still unknown, and concerns over drug resistance have
emerged, several situations seem probable: (1) a signif-
icant percentage of patients treated with imatinib will
be long-term survivors and will not enter the blast
phase; (2) patients entering the blast phase of disease
will have already been treated with imatinib, which
may influence their ability to respond to subsequent

therapy; and (3) an increasingly higher percentage of
chronic-phase CML patients will undergo hematopoi-
etic stem cell transplantation at the development of
clinical or laboratory evidence of imatinib failure with
an expanding pool of “acceptable” donors. It is with
this background we can examine the treatment options
available to patients in the advanced phases of CML.

IMATINIB MESLATE IN ACCELERATED- AND
BLAST-PHASE CML

Although it is unlikely that patients, nowadays, will
enter blastic or accelerated phase without having
received prior treatment with imatinib, it is worth-
while to review the results of imatinib therapy in ima-
tinib-naive patients for historical interest, as well as to
gain some understanding of the role of bcr/abl in the
growth and proliferation of CML cells during transfor-
mation to the blast phase. 

The clinical development of imatinib mesylate fol-
lowed the traditional development of cytotoxic agents
in leukemia with the finding of the maximally toler-
ated dose in a phase I study5 and then subsequent
phase II evaluations in subsets of CML patients. Two
separate trials evaluated the efficacy of imatinib in
CML patients in accelerated phase and in blastic
phase, with further subset analysis of patients in either
myeloid or lymphoid blast transformation.6–10

The accelerated-phase study, reported by Talpaz et
al.,6 included 181 confirmed patients with accelerated
phase as defined by a set of criteria that had been
demonstrated retrospectively to correlate with survival
rates compared to chronic-phase patients, and that were
different than that of blastic-phase patients. These crite-
ria included the presence of 15–30% blasts, or 30%
blasts and promyelocytes, or 20% basophils in the
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blood or marrow, or a platelet count less than 
100 � 103 /L unrelated to anticancer therapy. Patients
were treated with 400 or 600 mg of imatinib daily.
Overall, 69% of the patients achieved a sustained hema-
tologic response, 34% complete, and the rest either
achieved a blast percentage in the marrow under 5%
with incomplete peripheral blood recovery (marrow
response) or a return to a second chronic phase (no cri-
teria for accelerated disease as defined above). The rate of
complete cytogenetic response was 17%, and the 1-year
progression-free and overall survival was 59 and 74%,
respectively. Patients treated with 600 mg compared to
400 mg realized greater benefit with a higher overall
cytogenetic responses (28% vs 16%) and better progres-
sion-free and overall 1-year survival rates (67 and 78% vs
44 and 65%), with no significant increases in toxicity. 

Although the definition of accelerated phase of
CML by hematologic criteria, as outlined above, was
used in the initial studies of imatinib, subsequent
patients have been labeled accelerated phase purely on
the basis of clonal evolution, i.e, the development of
chromosomal abnormalities in addition to a single
t(9;22). In an analysis by O’Dwyer et al., the results of
treatment with imatinib at a dose of 600 mg was eval-
uated based on the criteria used for defining acceler-
ated phase.11 Patients with accelerated disease based
on hematologic criteria without clonal evolution had a
significantly worse response rate and time to treat-
ment failure compared to patients with clonal evolu-
tion as the sole criterion for defining accelerated dis-
ease. Patients with clonal evolution alone had a major
cytogenetic response rate of 73% and a treatment fail-
ure rate at 1 year of 0% compared to a major cytoge-
netic response rate of 31% and a 1-year treatment fail-
ure rate of 28% in patients with hematologic criteria
alone for accelerated disease. Patients with both hema-
tologic and clonal evidence of accelerated disease did
the worst of all three groups, with cytogenetic
response rates of 12.5%, a 1-year treatment failure rate
of 67%, and a median time to treatment failure of 8
months. This experience suggests that patients with
clonal evolution alone, without other evidence of
accelerated disease, have a similar response rate to that
of patients with chronic-phase disease, provided they
receive doses of 600 mg or higher of imatinib.

The myeloid blast-phase study reported by Sawyers et
al.9 included 229 evaluable patients with more than
30% blasts in the blood or marrow, with a myeloid phe-
notype demonstrated by immunophenotypic and cyto-
chemical evaluation. As in the accelerated-phase study,
patients were treated with either 400 or 600 mg of ima-
tinib. Overall, 31% of the patients achieved a sustained
hematologic response. Hematologic responses were
complete in only 8% of the patients, with the majority
being classified as a return to chronic phase. Major and
complete cytogenetic responses were observed in 16
and 7%, respectively. Patients previously untreated for
the blast phase of disease fared better, experiencing an

overall and complete hematologic response (CHR) rate
of 36 and 9%, compared to 21 and 6%, respectively, for
patients who had received prior induction chemother-
apy for blast-phase disease. Major cytogenetic
responses were observed in 16% of the patients, in
whom 7% were complete. The median survival for all
patients was 6.9 months, with 32% of the patients still
alive at 1 year. The impact of the dose of imatinib was
significant, with overall hematologic responses of 34%
for patients treated with 600 mg compared to 9% for
patients receiving 400 mg of imatinib. Cytogenetic
responses were also significantly better with the higher
doses of imatinib (18% vs 6%). 

Transformation of CML to a lymphoid blast phase is
less common than myeloid transformation, and
patients in this category treated with imatinib have
been grouped together with patients with Ph� acute
lymphoblastic leukemia. In both phase I and phase II
studies, imatinib demonstrated efficacy in lymphoid
blast-phase patients similar to responses seen in
patients with myeloid blast phase.10 Overall, 25% of
the patients in lymphoid blast phase achieved a sus-
tained hematologic response to imatinib, but
responses were generally of short duration, with a
median time to progression of 2.2 months. Similar to
patients with Ph� ALL, imatinib alone has limited effi-
cacy in lymphoid blast phase, and further develop-
ment is based on the incorporation of imatinib into
chemotherapy-based regimens.12

In addition to the inability of imatinib alone to con-
trol established lymphoid blast disease, imatinib has
been shown, in some instances, to fail to prevent the
onset of lymphoid transformation in patients in
chronic phase. Sudden onset of blast-phase disease,
especially lymphoid transformation, has been
observed in patients prior to the development of ima-
tinib, including patients who had a complete cytoge-
netic response on treatment with interferon alpha or
postallogeneic transplantation.13 Recent observations
have demonstrated a similar phenomenon in patients
in cytogenetic remission on imatinib.14 In addition,
complete response to imatinib does not protect against
the development of meningeal involvement by lym-
phoid blast cells. In several patients, meningeal relapse
occurred despite control of marrow disease.15 Imatinib
levels in these patients were demonstrated to be
approximately 2 logs lower in the cerebrospinal fluid
compared to plasma.16

The results of these trials in patients with advanced
phases of CML have demonstrated that imatinib, a rel-
atively specific tyrosine kinase inhibitor of bcr/abl, was
effective in inducing sustained responses, which com-
pared favorably to results with more intensive
chemotherapy-based regimens. Importantly, ima-
tinib’s biologic activity in these patients with
advanced disease demonstrated that signal transduc-
tion mediated by the BCR/ABL protein was still a rele-
vant target for therapeutic inhibition, but that mech-
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anisms of resistance, genetic reexpression or mutation
of BCR/ABL, and/or clonal evolution, leads to eventual
loss of clinical activity and progression of disease.17,18

Efforts to overcome resistance have included dose esca-
lation of imatinib19 and the addition of other
chemotherapeutic or molecularly directed agents to
imatinib.20,21 Other efforts currently underway are the
development of newer tyrosine kinase inhibitors with
activity in the mutated forms of BCR/ABL.22

CHEMOTHERAPY FOR ACCELERATED-
AND BLAST-PHASE CML 

Prior to the development of imatinib, the outlook for
patients entering the advanced phases of CML was dis-
mal. Chemotherapy was the mainstay for these patients,
and the choice of chemotherapeutic agents generally
followed the treatment plans for acute myeloid and
lymphoblastic leukemia: patients with accelerated or
myeloid blast phase received cytarabine/anthracycline-
based regimens, while patients with lymphoid transfor-
mation received standard vincristine/prednisone-based
protocols. Although imatinib may now be considered
the treatment of choice for patients with CML entering
the accelerated or blast phase, most patients in the future
will have already received imatinib as part of treatment
for chronic-phase disease, and thus chemotherapy must
still be considered as an important part of therapy. What
has changed, however, is that patients entering advanced
phases will have been treated with imatinib, and
whether this changes the efficacy of chemotherapy is yet
to be determined.

Several experiences using acute myeloid leukemia
AML-type chemotherapy for patients with advanced-
phase CML have been published. Problems arise in the
interpretation of the outcomes of these studies. First,
institutional differences exist in the response criteria
used, which makes the comparison of results often
suboptimal. Most investigators agree on the definition
of a CHR, which has been defined using acute leukemia
criteria with the necessity of achieving �5% blasts in
the bone marrow and recovery of neutrophil and
platelet counts. Partial or incomplete responses, how-
ever, are frequently included in the overall response
rates, and the definitions of responses that are not com-
plete are inconsistent. Patients achieving all criteria for
CHR, but with incomplete platelet recovery, have been
designated “hematologic improvement” (HI) or com-
plete remission with incomplete platelet recovery
(CRp). Other response criteria have included the term
“return to chronic phase,” which has been defined dif-
ferently in some series. By some criteria, this category of
response requires the disappearance of blast-phase fea-
tures, defined as peripheral or marrow blast percentage
under 15%, basophils under 20%, blasts plus promyelo-
cytes under 30%, and return of platelet counts to
�100,000/L. Other criteria for return to a second

chronic phase have called for a blast percentage in the
blood of 5% and less than 10% in the marrow, with no
defined criteria for recovery of neutrophils or platelets.

In addition to problems associated with nonstan-
dardized response criteria, differences in criteria that
distinguish accelerated from blast phase have been
used (discussed earlier), making comparisons between
treatment outcomes unclear. An important by-product
of the development of imatinib, and the international
collaborations required for its rapid development, was
the adoption of more universally accepted definitions
of disease stage, as well as a greater standardization of
response criteria. Undoubtedly, in the future this will
lead to easier interpretations of clinical studies in
patients with CML; however, most chemotherapy-
based regimens for advanced-phase CML were evalu-
ated prior to imatinib; therefore, making direct com-
parisons between studies harder. 

CYTARABINE-BASED COMBINATION 
REGIMENS

The largest series incorporating AML-type chemother-
apy in patients with myeloid blast phase (blast count 
� 30%) involved 162 patients treated at MD Anderson
Cancer Center over an 11-year period from 1986 to
1997.23 Ninety patients received intensive combination
chemotherapy, largely high-dose cytarabine-based.
Overall, 28% of the patients responded to treatment,
with CHR in 8% of the patients, and an additional 7%
achieving all criteria for CHR, but with incomplete
platelet count recovery. In addition, 11% of the patients
achieved a return to chronic phase, and 2% of the
patients were termed a partial response. The duration of
response was approximately 4 months, which corre-
sponded with survival as well. In a series of patients
treated at the Karolinska Hospital in Sweden,24 47% of 83
patients with accelerated or myeloid blast-phase disease,
treated with an anthracycline/cytarabine-based regimen,
achieved a return to chronic phase, the definition of
which was less stringent than the MD Anderson data.
Overall survival was similar, however, in the 4–6 month
range. In this series, patients with accelerated-phase dis-
ease had similar responses to those of blast-phase,
although they demonstrated a slight, but statistically
insignificant, improvement in survival. These studies, as
well as numerous other smaller experiences,25–29 have
demonstrated that standard AML-type regimens have
limited efficacy in advanced-phase patients and, despite
widespread application, it is not clear that higher-doses
of ara-C are better than standard doses in this setting. 

SINGLE-AGENT THERAPY

A number of novel chemotherapeutic agents have been
studied as single agents in advanced-phase disease. To
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date, the most promising agents have been the
hypomethylating agents, decitabine (5-aza 2’deoxycyti-
dine) and azacytidine (5-azacytidine). These agents act
in part by reversing the methylation, or silencing, of
numerous tumor suppressive genes that exert antiprolif-
erative effects, thus potentially reversing or slowing the
progression of CML. Decitabine has been the most
extensively studied hypomethylating agent in CML,
whereas azacitidine has been used more commonly in
patients with myelodysplastic syndrome.30 In a study
conducted at MD Anderson Cancer Center, 64 myeloid
blast-phase and 51 accelerated-phase Ph� CML patients
were treated with repetitive monthly cycles of
decitabine. In blast-phase patients, 28% achieved a
response, which included a CHR in approximately 9%.
In accelerated patients, a 55% overall response rate, with
an approximate 23% CHR rate, was observed.31

Response durations and survival rates were quite poor in
blastic phase patients, with a 3-year survival rate of only
5%. Accelerated-phase patients had significantly better
outcomes, with 3-year survival rates of 27%, again point-
ing out the importance of distinguishing between these
stages of CML. Despite the myelosuppressive properties
of decitabine, only 3% of all patients treated died of
complications of cytopenias. These results suggested
that single-agent decitabine, although still relatively
ineffective, resulted in equivalent outcomes to that of the
high-dose cytarabine-based regimens with less toxicity. 

Several other agents have been tried alone or in com-
bination with cytarabine in patients with advanced-
phase CML. These have included topotecan, carboplatin,
homoharringtonine, amsacrine, and mithramycin.32–36

None have demonstrated enhanced activity compared
to standard antileukemia agents. Most recently, trox-
acitabine, a novel nucleoside analog, has been evalu-
ated both in AML and in myeloid blast-phase CML.37

Of particular interest is that this agent has been tested
in patients either previously treated with imatinib or in
imatinib-naive patients. In an initial phase II evalua-
tion in myeloid blast phase, 6 of 16 (37%) of patients
responded to troxacitabine in a cohort in which only 3
patients had received prior treatment with imatinib.38

In a subsequent larger trial, a 13% response rate was
seen in 51 myeloid blast-phase patients in whom 93%
had progressed on treatment with imatinib.39 Although
no specific data have been reported for response rates
for cytarabine-based regimens or hypomethylating
agents comparing outcomes by prior exposure to ima-
tinib, the results with troxacitabine suggest that
patients progressing on treatment with imatinib may
be particularly resistant.

LYMPHOID BLAST PHASE

Approximately one-fourth of patients entering blast
phase will have a lymphoid phenotype compared to
the more common presentation of a myeloid or

undifferentiated blastic phase. Patients entering lym-
phoid phase are often younger and less often have a
prior accelerated phase documented compared to
patients entering myeloid blast phase. A sudden onset of
blast phase is more common in patients entering lym-
phoid blast phase, and in fact can occur in patients
seemingly in stable chronic phase responding to therapy
with interferon and/or imatinib.40 There appears to be
no evidence that prior treatment with interferon selects
for patients entering the lymphoid blast phase, however.

Therapy for patients in lymphoid blast phase is gen-
erally more successful than for patients with myeloid
transformation, as more patients enter a second
chronic phase, which is durable enough to consider a
hematopoietic stem cell transplant (see below). In a
review published by the MD Anderson Cancer Center,
overall, 49% of patients responded to therapy.41 In this
series, patients given traditional drugs used to treat
acute lymphoblastic leukemia (vincristine, pred-
nisone, cyclophosphamide, adriamycin) had a higher
rate of return to a chronic phase compared to patients
treated with high-dose ara-C or methotrexate combined
with L-asparaginase (61% vs 33% and 25%, respec-
tively). Other series, however, have demonstrated
high response rates (50% �) using high-dose cytara-
bine/anthracycline-based regimens.42 Median survival
rates for lymphoid blast-phase patients are approxi-
mately 9 months, compared to the median 3-4 months
observed in patients with myeloid blast-phase disease.
As with patients with myeloid blast phase, the impact
of prior treatment with imatinib on the effectiveness
of subsequent chemotherapy for lymphoid blast phase
is, at present, unknown.

ALLOGENEIC HEMATOPOIETIC STEM CELL
TRANSPLANTATION THERAPY 

Most patients with an HLA-compatible donor, sibling
or otherwise, will preferentially undergo transplanta-
tion therapy while still in chronic phase.43 This will
occur either as initial treatment or in patients not
responding to interferon or imatinib therapy. The
results of transplantation therapy for patients in blast
phase are poor, and many institutions are reluctant to
perform this procedure unless the patient is able to
achieve a second chronic phase with chemotherapy or
imatinib prior to transplantation. The decision not to
offer transplantation to patients with advanced-phase
CML has been based on results from cooperative
groups and/or large single institutions that have
reported long-term survival for transplantation in
blast phase of 0–14% and survival rates for accelerated-
phase patients of 15–20%.44,45 On the other hand,
since no other therapies exist for these patients that
are associated with long-term survival, many patients
are transplanted in advanced phases of disease for
want of better treatment. 
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To better identify patients likely to survive trans-
plantation, despite entering the advanced phases of
disease, several groups have employed prognostic scor-
ing systems generated from multivariate analyses of
transplantation outcomes in relatively large numbers
of patients. One of these scoring systems, the
Gratwohl Score, based on results of transplantation in
patients reported by the European Blood and Marrow
Transplantation Group, has been widely used.46 In this
scoring system, a higher score (associated with a worse
survival) is given based on several pre-transplantation
variables predictive for poor outcome, including
increasing patient age, advanced stage of disease,
incompatibility of donor and recipient, prolonged
time from diagnosis to transplant, and donor –recipi-
ent sex mismatch. Thus, a young patient (age, 20–40)
with an HLA-identical sibling match, transplanted
within 12 months of diagnosis may still be a suitable
candidate for transplantation, even in the accelerated
or blast phase of disease, whereas a patient above the
age of 40 in blast phase undergoing a matched unre-
lated transplantation would have a small chance for
long-term survival. Although improvement continues
in the supportive care and treatment of graft-versus
host disease for patients undergoing allogeneic
hematopoietic stem cell transplantation, transplanta-
tion of CML in the advanced stages should be avoided
with every effort being made to identify those patients
unlikely to be long-term survivors with nontransplan-
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tation therapy and plan transplantation prior to dis-
ease progression to accelerated and blast phase.

FUTURE DIRECTIONS IN THERAPY FOR 
ADVANCED-PHASE CML

The success of imatinib will clearly result in fewer
patients with CML progressing to the advanced
phases. Is blastic phase CML a disease of the past?
Further observational time will let us know what per-
cent of patients with CML will be cured with imatinib.
Although leukemia cells resistant to imatinib have
been detected in patients with CML, this has mostly
occurred in advanced-phase patients who received
imatinib for the first time, having received prior treat-
ment with other agents.47 The incidence of imatinib
resistance so far in newly diagnosed chronic-phase
patients is still quite low. However, if imatinib resis-
tance is observed, these patients will be at risk for pro-
gression to blast-phase disease, and thus future devel-
opment of therapies in CML will clearly be aimed at
preventing the emergence of imatinib-resistant sub-
clones with therapies that may enhance the activity of
imatinib48 and/or the use of newer inhibitors with
effectiveness in mutated forms of bcr/abl. Initial clini-
cal investigation of these new agents are planned for
advanced-phase patients progressing on treatment
with imatinib. 
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DEFINITION OF REMISSION

As the therapy of chronic myelogenous leukemia
(CML) has improved over the years, the definitions of
response have changed. Before the recognition that
allogeneic hematopoietic stem cell transplant (HSCT)
could cure CML, the treatment of CML was palliative.
Thus, remission meant that the blood counts were
normalized and symptoms were controlled. This defin-
ition is inadequate today.

Table 20.1 lists the three categories of remission in
CML, namely hematologic, cytogenetic, and molecu-
lar, as well as their most common definitions.

HEMATOLOGIC REMISSION
Hematologic remission is the goal of purely palliative
therapy. Hematologic remission does not impact the nat-
ural history of CML to a significant degree. In the
Italian CML Study Group trial comparing palliative
hydroxyurea or busulfan with interferon �, complete
hematologic remission was obtained in 68–87% of
patients after 8 months of any therapy.1 Those patients
treated without interferon had a median survival of 52
months and only 29% were alive at 6 years. These
results are comparable to what one might expect in the
absence of any therapy.2,3 In contrast, patients treated
with either interferon or imatinib enjoy both increased
hematologic remission rates and improved survival
compared to hydroxyurea or busulfan. The improved
survival rates achieved by interferon and imatinib
stem directly from their ability to induce cytogenetic
remission, a characteristic both hydroxyurea and
busulfan lack.

CYTOGENETIC REMISSION
Cytogenetic remission is defined as a reduction in the
number of identifiable Philadelphia (Ph�) chromo-
somes by standard metaphase karyotypic analysis. The
degree of reduction determines the completeness of
remission, and this degree of reduction has prognostic
significance with regard to survival. The importance of

achieving a major or complete cytogenetic remission
(CCR) is highlighted by the results of several random-
ized clinical trials comparing interferon-� to chemother-
apy such as hydroxyurea. In these studies, the only
patients achieving a significant cytogenetic remission
were those treated with interferon.1,4,5 For patients
achieving CCR on interferon, the 10-year overall sur-
vival rate was 72%.6

With interferon alone, however, only a minority of
patients actually achieved a CCR. In a randomized trial
of interferon alone versus the combination of inter-
feron plus low-dose cytarabine in chronic-phase CML
patients, the combination treatment arm induced
more major cytogenetic remissions than did the inter-
feron alone arm (35% vs 21%; P 
 0.001).7 This differ-
ence translated into a 5-year overall survival advantage
for the combination arm of 70% versus 62% (P 


0.02). Thus, cytogenetic remission, and in particular
CCR, is an important endpoint not only to determine
efficacy, but also to maximize the chances for long-
term disease-free survival.

Cytogenetic analysis is the gold standard method
for predicting clinical outcomes in CML and is typi-
cally performed on bone marrow samples. However,
there are many practical disadvantages to monitoring
CML therapy by bone marrow cytogenetics, including
the requirement for proliferating cells and the poor
sensitivity (typically 5%) for detecting low-level mini-
mal residual disease. Fluorescent in situ hybridization
(FISH) allows for detection of the bcr/abl translocation
in either metaphase or interphase cells. Because inter-
phase cells are suitable, FISH can be performed on
blood leukocytes. Moreover, large numbers of cells can
be examined, which increases the sensitivity over that
of metaphase cytogenetics. A negative FISH result cor-
relates very well with CCR.8,9

MOLECULAR REMISSION
Reverse transcriptase-polymerase chain reaction (RT-
PCR) is the most sensitive method for detecting the
bcr/abl transcript. A complete molecular remission
means that the bcr/abl transcript cannot be detected by
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RT-PCR.10 Before the advent of imatinib for the treat-
ment of CML, the only therapeutic modality capable
of inducing a complete molecular remission was allo-
geneic HSCT. In fact, molecular relapse or failure to
induce molecular remission after HSCT predicts hema-
tologic relapse and is an indication for salvage therapy
including donor lymphocyte infusions.11 Thus, a com-
plete molecular remission is tantamount to cure after
HSCT and is the ultimate goal of non-HSCT therapies
if they aspire to cure CML. 

Imatinib can induce molecular remission, though
not as uniformly or as quickly as with an allogeneic
HSCT. At a dose of 400 mg daily in untreated patients
with chronic-phase CML, imatinib induces a complete
molecular remission in fewer than 5% of patients.12

Although higher doses of imatinib may induce a
higher rate of complete molecular remission, most
patients in CCR still have detectable bcr/abl tran-
scripts.13 For these patients in CCR who still have
detectable bcr/abl transcripts, a reduction in the num-
ber of these transcripts may be just as important as
complete molecular remission.

A note of caution must be inserted when consider-
ing the definition of a complete molecular response as
determined by RT-PCR analysis. RT-PCR techniques
may fail to detect extremely low levels of bcr/abl, and
lab-to-lab differences in methodology preclude the
practical comparison of results generated between lab-
oratories. To account for variations in methodology
and RT-PCR sensitivity, optimal post-therapy moni-

toring of disease is better accomplished using quanti-
tative rather than qualitative RT-PCR assays. The log
reduction in bcr/abl transcripts compared to a baseline
level obtained at the time CCR was achieved has been
introduced as a method to standardize the reporting
of molecular responses after treatment for CML.12 In
general, a 3-log reduction in the number of detectable
bcr/abl transcripts constitutes a major molecular
remission.

PROGNOSIS

CML has a variable prognosis largely determined by
clinical features present at diagnosis. Clearly, patients
in chronic phase have a better prognosis than those in
either accelerated or blast phase (see Chapters 19 and
20). However, patients in chronic phase may also be
risk stratified according to what treatment they
receive.

CML TREATED WITH HYDROXYUREA (OR BUSULFAN)
A large study of patients treated mostly with hydrox-
yurea was the basis for the first widely recognized prog-
nostic scoring system. Sokal et al. performed a multiple
regression analysis of 625 chronic-phase patients aged
5–45 years and identified age, spleen size, hematocrit,
platelet count, and the percentage of circulating blast
cells as significant prognostic factors.14 The “Sokal”
scoring system devised by this analysis classifies
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Table 20.1 Definitions of remission in CML

5-Years survival
Remission Definition with interferon

Hematologic
Complete Normal WBC and PLT 30–40%

Normal WBC differential
No palpable splenomegaly
No symptoms referable to CML

Partial Decrease of WBC to �50% of the pretreatment level and
�20,000/	L
Or
Normal WBC, but persistent splenomegaly or abnormal
WBC differential

Cytogenetic

Complete 0% Ph� metaphases 86%
Or
Absence of FISH signal

Major 1–34% Ph� metaphases 80%
Minor 35–90% Ph� metaphases 60%
None 91–100% Ph� metaphases 20%

Molecular

Complete No detectable bcr/abl transcripts NA

Major �3-log reduction in bcr/abl transcripts



patients into risk categories that predict survival in
patients treated with hydroxyurea.

CML TREATED WITH INTERFERON
As interferon became the treatment of choice, the
validity of the Sokal system came into question. To
address the question of prognostic factors in patients
treated with interferon, Hasford et al. analyzed data on
1303 patients aged 10–85 years and treated with inter-
feron.15 This analysis identified age, spleen size, per-
centages of circulating blasts, basophils, and
eosinophils, as well as platelet counts as significant
prognostic factors. The resulting “Hasford” score was
then validated on 322 different patients. This scoring
system categorizes patients treated with interferon
into low, intermediate, and high risk for survival, and
does so more effectively than the Sokal score.16

Many, if not most, patients initially treated with
interferon are now taking imatinib. Whether the Sokal
and/or Hasford scoring systems are appropriate for
prognostic determination in patients treated with ima-
tinib is uncertain. In fact, in a study of 351 patients
treated with imatinib after failure of interferon, age did
not appear to be a significant prognostic indicator as it
was in both the Sokal and Hasford scoring systems.17

Marin et al. studied 145 patients treated with ima-
tinib after failure of interferon in chronic-phase
CML.18 The analysis identified two independent pre-
dictors of progression-free survival after 3 months of
therapy. Both a neutrophil count �1 � 109/L and
�65% Ph� metaphases predicted poor survival.
Patients who had neither risk factor had an 18-month
survival of 100% compared to a survival of 33% if they
had both. The investigators concluded that myelosup-
pression from imatinib and failure to achieve cytoge-
netic remission after 3 months predicts poor survival
in patients treated with imatinib. Sneed et al. con-
firmed this observation in a study of 143 patients
treated with imatinib after failure with interferon.19 In
this study, drug-induced grade III myelosuppression
reduced the CCR rate from 63–36% (P 
 0.001).

CML TREATED WITH IMATINIB
Imatinib has not been available for a long enough
period of time to make firm conclusions with regard to
long-term prognosis using the Sokal and Hasford scor-
ing systems. Data are becoming available, however,
with regard to the ability of imatinib to induce cytoge-
netic and molecular remissions that perhaps can be
used as surrogate markers of long-term prognosis. 

In the International Randomized Study of Interferon
and STI-571 (IRIS) trial, patients with chronic-phase
CML were randomized to treatment with either the
combination of interferon and cytarabine or imatinib
at a dose of 400 mg/day. The IRIS investigators
attempted to calculate Sokal and Hasford scores at the
time of enrollment into the trial. Unfortunately, 30%
of patients lacked the necessary values to calculate the

prognostic score. However, for those patients with a
high-risk Sokal or Hasford score, the rates of CCR at 18
months were 56% and 66%, respectively, for patients
treated with imatinib.20 At the time the study was pub-
lished, the duration of follow-up was too short to deter-
mine with confidence the applicability of either scor-
ing system to survival in patients treated with imatinib.
In contrast, a study of 77 patients treated with imatinib
400 mg daily in combination with interferon showed
that both the Sokal and Hasford systems were useful in
predicting major cytogenetic remission rates.21 In this
study, only 23% and 17% patients with high-risk scores
by Sokal and Hasford criteria, respectively, achieved a
major cytogenetic remission. Thus, firm conclusions
about the applicability of these scoring systems to
patients treated with imatinib await further analysis.
Given the uncertainty surrounding the applicability of
the Sokal and Hasford scoring systems, these scoring
systems should not be routinely applied to patients
treated with imatinib.

The prognostic scoring systems applied to patients
with CML may be supplanted by newer, biologically-
based, prognostic factors. Derivative chromosome 9
deletions are found in 10–15% of patients with
chronic-phase CML at diagnosis.22,23 The presence of
these deletions clearly portends a worse prognosis in
patients treated with either hydroxyurea or interferon
and does so independently of either the Sokal or
Hasford scores.24 Patients harboring derivative chro-
mosome 9 deletions have a better prognosis when
treated with imatinib, but may not have as favorable a
prognosis as those patients treated with imatinib in
the absence of deletions.25 In addition, the prognosis
of patients with derivative chromosome 9 deletions
treated with allogeneic HSCT may be poorer compared
to those patients without deletions.26

Additional analysis of the IRIS trial has provided
insight into other potential markers of prognosis in
patients treated with imatinib for chronic-phase CML.
Approximately 25% of patients fail to achieve CCR
with imatinib 400 mg daily. These patients have a
median progression-free survival of 85% at 24 months
of follow-up. In contrast, patients achieving a CCR
with imatinib have a 95–100% 24-month progression-
free survival (P 
 �0.001) depending on the degree of
molecular remission.12,20 Therefore, the features of
patients that predict for failure to achieve CCR with
imatinib are also likely to portend poor survival and
these patients might be suitable candidates for allo-
geneic HSCT as an initial treatment strategy. 

Another strategy to predict outcome in patients
treated with imatinib may be to monitor the quantita-
tive reduction in bcr/abl transcript levels. In one study
of 106 patients treated with imatinib and monitored
by quantitative RT-PCR, the probability of a major
cytogenetic response was significantly higher in
patients with a bcr-abl/bcr ratio �20% after 2 months
of imatinib therapy.27
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Some patients have CML that is intrinsically resis-
tant to imatinib at diagnosis. As many as 23% of
untreated CML patients fail to achieve major cytoge-
netic remission after 6 months of imatinib dosed at
400 mg daily.20 These patients generally acquire resis-
tance to imatinib, although imatinib resistant muta-
tions in bcr/abl have been reported before the treat-
ment begins.28,29 Acquired mutations that confer
resistance are not useful as a prognostic tool at diagno-
sis. However, once recognized, some acquired muta-
tions are associated with a worse prognosis than oth-
ers.30 There is no consensus as to how the detection of
such mutations should guide therapy and whether or
not allogeneic HSCT can impact on an otherwise poor
prognosis.

CML TREATED WITH ALLOGENEIC HSCT
The prognosis for patients initially treated with HSCT
is generally favorable (see Chapter 37). However, cer-
tain clinical features do predict for improved survival
after HSCT. The European Group for Blood and
Marrow Transplantation (EGBMT) registry analyzed
data in 3142 patients treated for CML between 1989
and 1997.31 They developed a prognostic risk score
based on known risk factors for outcome after HSCT
such as age, donor/recipient gender, donor/recipient
histocompatibility, stage of disease, and time from
diagnosis to transplant. The scoring system that came
of this analysis is given in Table 20.2. The total score
derived from this system not only predicts transplant-
related mortality, but also 5-year leukemia-free sur-
vival as depicted in Table 20.3.

Stem cell transplantation, however, is not a static
field. Techniques are continually improving, as are
reported results. Indeed, in a recent report of a single-
institution experience of HLA identical sibling allo-
geneic HSCT, the reported 3-year disease-free survival

was 78% in 131 patients treated for chronic-phase
CML.32 Thus, the prognostic scoring systems of the
past may not apply to the modern HSCT techniques
available today.

The prognostic information available to the newly
diagnosed patient with CML is both a blessing and a
curse. While the patient may take comfort in know-
ing that cure is possible (and likely) with allogeneic
HSCT, the relative safety, but lack of long-term prog-
nostic information, of imatinib clouds decision mak-
ing with regard to optimal treatment approaches.
Clearly, patients with accelerated- or blast-phase CML
should proceed as soon as possible to HSCT. For
patients in chronic-phase CML, the issues are more
controversial.

To sort through these issues, an expert panel was
convened to provide treatment recommendations.
They recommend that all patients be initiated on
treatment with imatinib at diagnosis.33 “Selected”
patients may be considered for HSCT prior to a full
therapeutic trial of imatinib. Although the panel does
not elaborate on the definition of “selected,” one
could imagine that a young patient with high-risk fea-
tures, such as anemia, splenomegaly, and thrombocy-
tosis, would be a good candidate for an initial trans-
plant approach. Failure to achieve CCR on imatinib,
or failure to tolerate imatinib, is also an indication for
HSCT.33 The National Comprehensive Cancer
Network (NCCN) has offered similar and more com-
prehensive guidelines.34

FOLLOW-UP

CHRONIC PHASE
The patient with chronic-phase CML treated with ima-
tinib requires close monitoring to determine response
and to adjust therapy accordingly. Complete blood
counts should be monitored weekly for at least 1
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Table 20.2 The EGBMT prognostic scoring system for
patients with CML treated with HSCT

Risk factor Score

Donor HLA identical sibling 0
Matched unrelated donor 1

Disease stage First chronic phase 0
Accelerated phase 1
Blast crisis of higher chronic phase 2

Age of recipient �20 years 0
20–40 years 1
�40 years 2

Gender Other 0
combination Male recipient female donor 1

Times from �12 months 0
diagnosis to HSCT �12 months 1

Table 20.3 The EGBMT scoring system predicts 
treatment-related mortality and leukemia-free survival

Score Treatment-related 5-year leukemia-
mortality (%) free survival (%)

0 20 62
1 23 61
2 31 44
3 46 34
4 51 28
5 71 37
6 73 15

7 (only 4 patients) NA NA



month following the initiation of therapy. In the
absence of significant myelosuppression, the monitor-
ing interval may be successively increased up to about
every 3 months.33,35 A recommended approach to
bcr/abl monitoring is provided in Table 20.4.

An assessment of treatment response should be
made at 3-month intervals in the first year of therapy.
Failure to tolerate imatinib or to achieve hematologic
remission by 3 months is an indication for either
increasing the dose of imatinib or proceeding to HSCT
in appropriate patients.33,36 More than half of patients
will have achieved a major cytogenetic remission with
imatinib at 3 months of follow-up.20

However, a bone marrow exam should be per-
formed annually to include standard karyotype analy-
sis even in the setting of a CCR. The development of
additional cytogenetic abnormalities to the Ph� clone
predicts for relapse and progression to accelerated-
phase disease after a response to imatinib.37 Emerging
results of treatment with imatinib have revealed
another disturbing finding. Some patients develop
clonal cytogenetic abnormalities in Philadelphia-chro-
mosome-negative (Ph�) hematopoietic progenitors.38

Although fewer than 10% of treated patients have
been identified with Ph� clonal evolution,39 the
appearance of trisomy 8 and monosomy 7 among the
reported abnormalities is a cause for concern. Indeed,
several case reports of myelodysplasia, but not acute
leukemia, have been reported in this setting.38,40,41

Clonal evolution in a patient with chronic-phase CML
should prompt a discussion of allogeneic HSCT as a
viable treatment alternative.

If a patient achieves a CCR after 6–12 months of
imatinib therapy, most investigators recommend ima-
tinib be continued indefinitely. These patients are
likely to have a relatively favorable prognosis
although cure is by no means assured. The prognosis
is particularly favorable if while in CCR, the level of
bcr/abl transcripts becomes either undetectable or
reduced more than 3-logs as determined by RT-PCR.
These patients in molecular remission enjoy 100%
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progression-free survival after 24 months of imatinib
therapy.12

As previously discussed, patients who fail to achieve
cytogenetic remission within 6 months of treatment
with imatinib have a poorer prognosis, and one mecha-
nism of imatinib resistance is mutations in bcr/abl. A sec-
ond mechanism for imatinib resistance is up-regulation
of bcr/abl by gene amplification, and these patients are
candidates for either dose-escalation of imatinib or allo-
geneic HSCT.29,42–46 Indeed, accelerated-phase CML with
bcr/abl gene amplification responds better to a daily dose
of 600 mg of imatinib than to a daily dose of 400 mg.
Patients with chronic-phase CML resistant to 400 mg of
imatinib may also achieve responses with higher doses.36

However, these responses tend not to be durable, and
alternative treatments, such as HSCT, have been recom-
mended.47 Similarly, patients who fail to achieve a major
molecular remission, or have increasing titers of bcr/abl,
after 9–12 months of imatinib therapy are candidates for
alternative treatments including HSCT.

With regard to mechanisms of imatinib resistance,
unfortunately, there is no practical widely available
test that reliably distinguishes mechanisms of resis-
tance to imatinib.

ACCELERATED- AND BLAST-PHASE CML
The follow-up of patients with advanced CML depends
largely on whether or not they are HSCT candidates.
Although some patients with accelerated-phase CML
can achieve relatively durable remissions (see Chapter
19), cure is unlikely, and progression is often rapid.
Thus, patients with advanced CML should be consid-
ered for HSCT even if they respond favorably to ima-
tinib therapy.

Not all patients are transplant candidates, however,
and these patients will need to be monitored for evi-
dence of progressive disease. Dose escalation of imatinib
is a viable treatment option for patients progressing on
standard doses. Whether combinations of imatinib with
other active agents will prove beneficial is uncertain, but
participation in clinical trials is recommended.

Table 20.4 Recommended follow-up evaluations for patients with CML in chronic phase being treated with imatinib

First year Subsequent years
Every 3 months Every 6 months Every 3 months Every 6 months Every 12 months

Blood sample
CBC and diff X X
FISH analysis X
QT-PCR X* X*
Bone marrow
Histology X X
Cytogenetics X X

*Only if negative for bcr/abl by FISH.
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INTRODUCTION

The introduction of imatinib mesylate to the therapy
of chronic myeloid leukemia (CML) radically changed
the clinical management of patients with this disorder
and ushered in the era of effective targeted therapy for
this disease. The results from the initial clinical studies
have established imatinib as the standard for newly
diagnosed therapy of chronic phase CML. As an
increasing number of patients are treated with ima-
tinib and as the long-term follow-up data on the dura-
bility of responses to imatinib continue to evolve,
attention has focused on both the development of
resistance to this therapy and the potential clinical
implications such resistance has on the management
of this disease. 

Questions regarding the ultimate efficacy of ima-
tinib have been framed in the context of whether this
agent can eliminate the clonogenic BCR/ABL-positive
leukemia cell. While most patients who successfully
undergo allogeneic stem cell transplantation are ren-
dered BCR/ABL negative via reverse transcriptase poly-
merase chain reaction (RT-PCR), this is generally not
the case with imatinib. Instead, data suggest that
quantitative PCR and the ability to induce a 3-log
reduction below the baseline BCR/ABL transcript is
predictive of long-term response. The results from a
large randomized international study demonstrated
that patients who were able to achieve a �3-log reduc-
tion (major molecular response or MMR) in BCR/ABL
by RT-PCR had a better prognosis than those who were
unable to do so.1 In this trial, 58% of patients who
were in complete cytogenetic remission (CCR) at the
12-month mark did not progress over the next 12
months.1 Patients who were in a CCR and who did not

achieve a �3-log reduction had a 5% chance of disease
progression. In this study, however, an MMR was
achieved in 39% of the patients who were randomized
to imatinib therapy but only 2% of patients random-
ized to the IFN-� plus ara-C arm. In addition, early and
prompt reduction in the BCR/ABL transcript level has
been shown to be predictive of CCR.2,3 In another
study, 106 patient samples were analyzed and the level
of BCR/ABL transcript at 2 months predicted for major
cytogenetic response (MCR) at 6 months. Both of these
studies raise the issue of the clinical relevancy of cur-
rent available surrogate endpoints and whether quali-
tative or quantitative measurements should be used to
gauge the efficacy of therapy. While complete eradica-
tion of the leukemic clone to a level undetectable by
the most sensitive method available could be the ulti-
mate goal of therapy, the ability to achieve long-term
survival may also correlate with a decrease in the
amount of minimal residual disease below a “critical”
level. In this scenario, trace amounts of the disease
may be present, but not clinically relevant as a patient
continues in complete clinical remission. 

IMATINIB RESISTANCE—EVOLUTION 
OF THE TARGET

Published criteria defines primary resistance to ima-
tinib mesylate as the inability to reach complete hema-
tologic remission (CHR) by 3 months, MCR (defined as
(�35% of cells positive for the BCR/ABL transcript) by
6 months, or CCR by 12 months of therapy.
Approximately 20–30% of newly diagnosed patients
are resistant to imatinib using such criteria.1,2 MD
Anderson Cancer Center (MDACC) has reported that
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primary resistance can be reduced to about 10% by
increasing the standard administered dose of imatinib
to 800 mg/day.3 Acquired resistance to imatinib may,
however, develop as the neoplastic cells exhibit alter-
native mechanisms to maintain sufficient amounts of
active BCR/ABL signal to maintain growth. Clinically,
acquired resistance is defined as the loss of an estab-
lished hematologic, cytogenetic, or molecular response
or the progression of disease to an accelerated or blas-
tic phase. In the large randomized imatinib study dis-
cussed above, approximately 8% of patients had an
acquired resistance to imatinib by 18 months on
treatment.1

Clinical resistance may develop by several mecha-
nisms, including BCR/ABL gene amplification, incom-
plete inhibition of BCR/ABL cells with the subsequent
selection of resistant cells, BCR/ABL gene mutations,
and possibly, increased expression of the MDR-1 gene
encoded P-glycoprotein. Increased expression of
BCR/ABL by chromosome or gene amplification
appears to be the most common mechanism of
acquired resistance in vitro.4,5 In the clinical setting,
however, several studies have shown that another
common cause of acquired resistance is the develop-
ment of mutations in the kinase domain of
BCR/ABL.6–8 Several groups have reported at least 20
different point mutations from the leukemic cells of
patients resistant to imatinib. The two most common
kinase domain mutations, T315I and E255K, change
the conformation of the protein and prevent the bind-
ing of imatinib to the BCR/ABL protein.6,9,10 Although
these mutations were not identified in patient samples
taken prior to initiation of therapy with imatinib, they
were most likely present in undetectable quantities at
the time of diagnosis. This has been shown in patients
with Ph-positive ALL prior to therapy with imatinib.11

Under the selective pressure of imatinib treatment,
these resistant molecules emerge, giving rise to pro-
gressive disease. When patients are identified as
becoming imatinib resistant, direct sequencing of
BCR/ABL can be employed to define the possible
mechanism of resistance. Such a strategy may, in the
future, help guide treatment decisions as alternative
targets and agents become available. Table 21.1 sum-
marizes some novel therapies for treatment of ima-
tinib-resistant CML. 

STRATEGIES FOR OVERCOMING 
IMATINIB RESISTANCE

DOSE ESCALATION OF IMATINIB
If clinical resistance is modulated by an increase in the
amount of BCR/ABL, it might be possible to overcome
the resistance by increasing either the dose of imatinib
or the ability of imatinib to bind to its target.
Mutations such as T315I and E255K confer steric
changes that are difficult to overcome even with
higher doses of imatinib. Other mutations, such as
M244V, F311L, and M351T, however, may be over-
come by escalating the dose of imatinib.7 Certain
other mutations, namely those in the ATP phosphate-
binding loop (P loop), such as E255K, may confer a
poor prognosis. In one Australian study, 12/13 patients
with mutations in the P loop had a median survival of
only 4.5 months.7 Mutations in the activation loop (A
loop), downstream from the A loop, and in the ima-
tinib-binding regions of the kinase may be at least par-
tially sensitive to higher doses of imatinib. As these
different mutations retain varying sensitivities to ima-
tinib, it is rational to attempt dose escalation in such
patients.
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Table 21.1 Novel therapies to treat imatinib-resistant CML

Therapy Mechanism Developmental status

Transplantation (auto or allo) GvL Established therapy
Dose escalation of imatinib Inhibition of partially resistant Phase II/III trials ongoing

(600–800 mg) bcr/abl mutants
Geldanamycin, 17-AAG, ATO, Downregulation of intracellular Preclinical/phase I/II
siRNA, ribozymes BCR/ABL levels
PD173955, PD166326, AP23464, Second-generation tyrosine kinase Preclinical/phase I/II/III
BMS354825 inhibitors
FTIs (tipifarnib), zolendronate Inhibition of downstream Ras Phase I

signaling pathway
Rapamycin, CCI-779 Inhibitor of downstream effector m-tor Phase I

in PI-3 kinase pathway
Leptomycin B Nuclear entrapment of bcr/abl Preclinical

preventing its antiapoptotic effect
PSC833, verapamil P-glycoprotein inhibitors Preclinical
HHT Plant alkaloid, unknown Phase I/II
Bortezimib Proteosome inhibition Phase I/II



Alternatively, the upregulation of the BCR/ABL sig-
nal through mechanisms of gene amplification may
also be amenable to dose escalation. In this scenario,
the intrinsic sensitivity of the cell is retained, and the
desired clinical effect is a function of the dose-response
curve. Critical levels of imatinib are needed to inhibit
BCR/ABL function and may be achieved by increasing
the doses of the agent. The experience reported by
MDACC demonstrates better responses when higher
doses of imatinib are used as initial therapy, and has
laid the groundwork for this strategy. 

DOWNREGULATION OF INTRACELLULAR 
BCR/ABL LEVELS
Noxious stimuli to cells activate the synthesis of some
proteins while inhibiting the synthesis of others. The
heat-shock proteins are molecular chaperones that sta-
bilize the tertiary conformation of key cellular pro-
teins, including proteins involved in signal transduc-
tion. Misfolding of proteins can produce inactive
aggregated forms. Heat-shock protein 90 (hsp90) is a
specific molecular chaperone that affects the stability
and function of multiple oncogenic proteins, includ-
ing BCR/ABL.12,13 Geldanamycin is a benzoquinone
ansamycin antibiotic that inhibits hsp90 by competi-
tively binding to an ATP-binding pocket in the amino
terminus of the hsp90 molecule.12–14 Inactivation of
hsp90 causes dysfunction and rapid degradation of
their “client proteins” (including Raf-1, v-Src, p185c-erbB-2,
and BCR/ABL)13,15,16 via the proteosome pathway. A
less toxic analog of geldanamycin, 17-AAG, has been
shown in preclinical studies to down regulate BCR/
ABL in Ph-positive cell lines K562 and transfected
HL60.13 When the hsp90 protein is inhibited,
BCR/ABL is rendered sensitive to cellular physiologic
mechanisms and can be degraded by the ubiquitin-
proteosome pathway -3 activating the intrinsic apop-
totic pathway.13 This appears to be the mechanism of
action of this class of drugs. Preclinical laboratory
studies have shown that BCR/ABL point mutations iso-
lated from imatinib-resistant CML are degraded in
vitro by both geldanamycin and 17-AAG. This effect
has been demonstrated in both the T3151 and E255K
cell lines.17 In both cell lines, the BCR/ABL protein
was depleted at a low concentration of geldanamycin
(30 nm).12 Leukemic blasts taken from three patients
with CML blast crisis, who progressed while on ima-
tinib, have been shown in vitro to be susceptible to
17-AAG-induced apoptosis.18 These laboratory obser-
vations have raised the possibility of combining other
therapeutic agents with 17-AAG in an effort to reverse
the drug-resistant phenotype in patients with advanced
stage disease.

Arsenic trioxide (ATO) represents a novel agent
that has shown preclinical activity in the treatment of
imatinib-resistant CML by inducing alteration of mito-
chondrial inner transmembrane potential, leading to
the release of cytochrome c with subsequent caspase

activation and apoptosis.19 Recently, ATO has also
been shown to interfere with the translation of
BCR/ABL by inhibition of ribosomal p70S6 kinase
activity.20,21 Based on this rationale, the ATO and ima-
tinib combination has been studied in numerous Ph-
positive cell lines. Studies using the K562 and
HL60/BCR/ABL cell lines have shown that the
proapoptotic activity of imatinib is enhanced in the
presence of ATO.21 Cotreatment of K562 and trans-
fected MO7p210 cells with approximately equipotent
doses of ATO and imatinib additively inhibited growth
proliferation.22 In colony-forming assays using CML
patient samples, the combination of ATO and imatinib
showed increased antiproliferative activity compared
to imatinib alone.22 The additive effect of the ATO in
combination with imatinib has initiated several phase
I and II clinical trials examining the combination.

Interruption of the messenger RNA (mRNA) of
mutant BCR/ABL may also be a target for therapeutic
intervention. Antisense oligonucleotides could be
designed that are complementary to the sequences on
mutant BCR/ABL fusion transcripts. These small mole-
cules would interfere with translation by physically
blocking ribosome access to mRNA of the aberrant
CML cells without affecting normal cells. Other mech-
anisms may potentially play a role in the antisense
effects on BCR/ABL. DNA—RNA hybrids are more sus-
ceptible to RNAse activity, and several studies have
shown that this strategy is feasible in CML cells in
vitro.23–26 However, these agents have been difficult to
study and implement in humans, even though they
can be delivered relatively safely. This difficulty may,
in part, be due to the long half-life of the BCR/ABL
protein in vivo and the inability to deliver the drug in
a manner that will allow it to be present in the cell for
longer periods of time (i.e., 24–48 h). In addition, poor
uptake of these antisense oligonucleotides into cells
may prohibit their clinical usefulness. A similar strat-
egy is based on RNA interference (RNAi). Several
groups have reported in vitro BCR/ABL inhibitory
effects, using small interfering RNA oligonucleotides
(siRNA) in CML cell lines.27–29 Ribozymes (RNA) and
DNAzymes (DNA) are designed to hybridize to specific
RNA molecules and initiate hydrolysis of phosphodi-
ester bonds in the target RNA. These strategies have all
shown promise in the preclinical setting, but the clin-
ical feasibility in imatinib-resistant patients has not
yet to be established.

SECOND-GENERATION TYROSINE 
KINASE INHIBITORS
Agents that have a different conformational binding
to BCR/ABL than imatinib provide another potential
approach to imatinib-resistant CML. Such compounds
may be particularly useful in patients who have devel-
oped point mutations in the ABL domain and are no
longer able to bind imatinib in the kinase pocket and
inhibit ATP binding. Second-generation tyrosine
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kinase inhibitors may still be able to bind the appro-
priate binding site and block ATP from binding.
Several of these agents are currently being developed
in both the laboratory and the clinic. PD173955
(Pfizer) is a more potent inhibitor of BCR/ABL than is
imatinib. Unlike imatinib, this small molecule has
been shown to bind Abl independent of its phospho-
rylation state.30 Hence, more potent tyrosine kinase
inhibitors may be able to maintain activity against
mutated clones. PD166326 (Pfizer), a novel compound
in the pyridopyrimidine class of tyrosine kinase
inhibitors, has been shown to be a potent inhibitor
of BCR/ABL tyrosine kinase activity and BCR/ABL-
dependent proliferation.31 The activity of PD166326
against BCR/ABL-induced leukemia in an in vivo
mouse model has recently been reported (N Wolff,
ASH 2003). PD166326- and imatinib-treated mice had
improved survival, lower white blood cell (WBC)
count, and less splenomegaly than placebo-treated
mice, suggesting that PD166326 was superior to ima-
tinib in decreasing the overall leukemic burden. Thus,
in this CML animal model, the novel tyrosine kinase
inhibitor PD166326 exhibited greater antileukemic
activity than imatinib, suggesting that further devel-
opment of this or a related compound may lead to
even more potent drugs for the treatment of human
CML. The investigators have postulated that, similar to
the experience with combination chemotherapy, com-
binations of different kinase inhibitors at the initiation
of therapy may suppress the emergence of resistant
clones and improve therapeutic outcomes.

In vitro data on the novel dual selective SRC/ABL
inhibitor, AP23464 (ARIAD pharmaceuticals, Cambridge,
MA), has shown that this drug inhibits in vitro growth
of cells that express either wild-type BCR/ABL or the
most prevalent mutations induced by imatinib in
BCR/ABL: Q252H, Y253F, E255K, M351T, or H396P.32

AP23464 was approximately eightfold more potent
than imatinib in inhibiting the growth of Ba/F3 cells
expressing wild-type BCR/ABL. Also, AP23464 inhib-
ited the growth of Ba/F3 cells expressing all mutant
forms of BCR/ABL except for T315I at the same
nanomolar concentrations as the wild type.32 Studies
to assess the in vivo activity of AP23464 and key
analogs are currently in progress. 

Another second-generation tyrosine kinase inhibitor
that is currently in clinical trials is BMS-354825. 
The studies are being conducted in patients with
chronic phase CML who are resistant to
imatinib.33

INHIBITORS OF THE DOWNSTREAM PATHWAYS 
Ras signaling 
Activation of the Ras signaling pathway is essential for
BCR/ABL function. After BCR/ABL has activated Ras,
Ras requires several additional posttranslational modi-
fications, including prenylation. Prenylation involves
adding a lipid anchor to the target protein, which

facilitates binding of this protein to cellular mem-
branes, allowing them to function as intermediates in
the process(es) of signal transduction. In the Ras path-
way, prenylation is catalyzed by farnesyl protein trans-
ferase; the farnesyl transferase inhibitors (FTIs) inter-
fere with this step by inhibiting this enzyme. Given
the central role that the ras oncogene plays in control-
ling cellular metabolism, multiple FTI compounds are
currently being developed and tested across a wide
range of hematologic malignancies. A phase I/II study
of tipifarnib, an FTI, in patients with a spectrum of
myeloproliferative disorders reported preliminary
results in 23 patients.34 Tipifarnib was administered at
a dose of 300 mg p.o. b.i.d. for 21 days every 4 weeks.
Clinical WBC responses [normalization of WBC, com-
plete remission (CR); or �50% WBC count reduction,
partial remission] were seen in 5 of 21 (24%) evaluable
patients. No cytogenetic responses were seen in six
evaluable patients. Grade 2 anemia and greater than
grade 3 thrombocytopenia were the most common
hematologic toxicities.34 Two other phase I studies of
tipifarnib in combination with imatinib for the treat-
ment of CML have also been reported. Cortes et al.
conducted a phase I study of the combination of tip-
ifarnib with imatinib in patients with CML in chronic
phase who had failed imatinib therapy.35 Doses of
tipifarnib of 300 mg p.o. b.i.d. for the first 14 days 
of each 21-day cycle were administered with imatinib
300 mg daily. Subsequent doses of 300 and 400 mg,
and 400 and 400 mg, respectively, in the same sched-
ule were also administered. Nine patients were
treated; three at each dose level. Hematologic
responses were seen in patients with abnormal blood
counts but none of the patients achieved a cytoge-
netic response.35 A second phase I trial also combined
tipifarnib with imatinib, but in patients with acceler-
ated (AP) or blastic phase (BP) of CML with hemato-
logic relapse or cytogenetic resistance to imatinib.
Imatinib was given at 600 mg p.o. daily and com-
bined with escalating doses of tipifarnib (200–600 mg
p.o. b.i.d.). The combination therapy was adminis-
tered for 21 days. Of the six evaluable patients, in the
first cohort, three patients reached a complete hema-
tologic response. No cytogenetic responses were
seen.36

Zolendronate, a bisphosphonate, has been shown
to inhibit downstream signaling of Ras in vitro.
Additional in vitro and murine model studies have
shown synergy between imatinib and zolendronate,
providing a rationale for examining this combination
in the clinical setting.37

PI-3K/AKT pathway
PI-3 kinase activation is essential for the BCR/ABL-
mediated transformation of cells. PI-3 kinase is a het-
erodimer consisting of catalytic (p110) and regula-
tory (p85) segments. BCR/ABL interacts with the p85
subunit. Two PI-3 kinase inhibitors are currently in
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clinical development. Wortmannin and LY294002 are
active compounds and synergize with imatinib in
vitro.38,39 Wortmannin is a naturally occurring com-
pound and is highly unstable in solution, making it a
challenging compound to develop clinically. 

Several downstream effectors in this PI-3 kinase
pathway have been identified. One is m-TOR, which is
involved in the phosphorylation of several signaling
proteins, including the S6 ribosomal protein, an impor-
tant target of BCR/ABL.40 Inhibitors of m-TOR, such as
rapamycin, have been attractive as possible therapeutic
agents in CML. These agents have already undergone
phase I/II clinical testing in a variety of other tumors
and are currently beginning clinical trials in CML.41

OTHER NOVEL APPROACHES TO THERAPY 
OF RELAPSED CML
Imatinib-resistant cell lines have been shown to
overexpress the multidrug-resistance drug transport
protein P-glycoprotein. Sensitivity to imatinib could
be partially restored in vitro when the cells were
exposed to verapamil or PSC833, both P-glycoprotein
inhibitors.42

Leptomycin B is a novel therapeutic responsible
for nuclear entrapment of BCR/ABL. BCR/ABL exerts
an antiapoptotic effect in the cytoplasm of cells.
Leptomycin B is an inhibitor of the nuclear export of
BCR/ABL, preventing it from reaching the cyto-
plasm, thus abrogating its antiapoptotic effect on
cells. It has also been shown that nuclear BCR/ABL
induces apoptosis of cells in vitro.43 Nuclear entrap-
ment is thus another potential therapeutic strategy for
imatinib-resistant disease.

Homoharringtonine (HHT) is a plant alkaloid
derived from the Cephalotaxus fortuneii tree, known to
have antileukemia activity when first used by the
Chinese in the treatment of both acute myeloid
leukemia (AML) and CML in the late 1970s.44,45

MDACC has performed several studies in the pre-
imatinib era using HHT alone and in combination with
IFN-� in chronic phase CML, and has demonstrated
the ability of this drug to induce CR. Seventy-two per-
cent of 58 patients in late chronic phase were able to
achieve a CHR with HHT alone. However, only 31% 
of patients had a cytogenetic response. In vitro data
suggests that there is a synergistic effect of HHT in
combination with imatinib in vitro, providing a
potential rationale for combination therapy in resis-
tant patients.46

The ubiquitin-proteasome pathway is the primary
intracellular pathway responsible for the degradation
of proteins. Proteasome inhibitors are being investi-
gated as potential therapies in a wide variety of hema-
tologic malignancies. Inactivation of NF-�B appears to
be crucial in the activity of proteosome inhibitors. NF-
�B is inhibited in the cytoplasm through binding to
I�B, a substrate for proteasomes.47 In CML, BCR/ABL
activates NF-�B-dependent transcription, and NF-�B is

necessary for BCR/ABL-mediated cell proliferation.48–50

PS-341 is a potent and selective inhibitor of the pro-
teosome that has shown significant clinical activity in
multiple myeloma. In vitro, PS-341 induced significant
growth inhibition and apoptosis in several BCR/ABL-
positive cell lines, including both imatinib-sensitive
and -resistant cell lines.51 Clinical studies in imatinib-
resistant patients are ongoing.

IMMUNOTHERAPY

ROLE OF ALLOGENEIC TRANSPLANTATION
Since the first demonstration of its curative potential,
allogeneic stem cell transplantation has played an
important role in the management of CML. The results
for a wide range of these clinical studies are reviewed
in Chapter 37. The ability of both interferon and ima-
tinib to affect the natural history of the disease has
altered the initial treatment paradigms, and some
debate has surrounded both the institution and the
timing of stem cell transplantation in the course of
therapy. Such treatment decisions are tempered by
consideration of the risk/benefit ratio particularly, as it
pertains to specific groups of patients. 

Despite the current controversy surrounding the
most appropriate time to proceed with allogeneic stem
cell transplantation in CML, the experience with this
modality has proven valuable as proof of concept
regarding the clinical efficacy of immunotherapy. The
model of the “graft-versus-leukemia” (GvL) effect has
been further refined and, in turn, has given rise to
immunology-based therapeutic strategies, such as
donor leukocyte infusions (DLI) and reduced intensity,
nonmyeloblative transplantation (“mini-transplants”).
Such approaches have been pioneered in CML and
applied, with varying degrees of success, in other
forms of human leukemia.

SPECIFIC IMMUNOTHERAPY 
WITH BCR/ABL-DERIVED PEPTIDE VACCINES
As discussed above, many clinicians still consider allo-
geneic stem cell transplantation to be the “gold stan-
dard” for curative therapy in CML by virtue of the
long-term survival achieved and the ability of this
modality to render the patient BCR/ABL negative
using PCR-based assays. The importance of the
immunologic properties of the graft has received a
great amount of attention, with attempts to recapitu-
late a GvL effect while separating it from the side
effects of conventional transplantation regimens
undertaken by a number of investigators. The poten-
tial to induce and then employ specific antileukemic
immune effectors is attractive and has seen realization
in the formulation of a vaccine strategy for this disease.

The unique amino acid sequences encompassing
the b3a2, b2a2, or e1a2 in BCR/ABL breakpoints can be
considered truly tumor-specific antigens because they
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contain sequences that are not expressed in any nor-
mal cellular protein. Despite the intracellular location
of these proteins, short peptides produced by cellular
processing of the fusion protein products can be pre-
sented on the cell surface within the cleft of HLA mol-
ecules, and in this form, they can be recognized by T
cells.52–54 Several investigators have demonstrated the
immunogenicity from fusion-region-derived peptides
of p210-b3a2 in the context of MHC class I and class II.
By screening large numbers of fusion peptides from
the junctional sequences of CML, several peptides
have been derived from the b3a2 CML breakpoint that
bind with high, intermediate, or low affinity to HLA-
A0201, A3, A11, and B8.53,55–58 Recent mass spectrom-
etry studies have further demonstrated the presence of
cell-surface HLA-associated BCR/ABL peptides previ-
ously described as binders of HLA-A0301 in primary
CML cells from HLA-A3-positive patients.59 This is the
first direct evidence of naturally processed and
expressed endogenous BCR/ABL peptides on the sur-
face of CML cells. Support for the immunogenicity of
synthetic BCR/ABL fusion peptides capable of interact-
ing with class II MHC molecules has been accumulat-
ing as well. Peptides corresponding to the b3a2 fusion
sequences have been shown to bind DR3 (DRB1*0301),
DR4 (DRB1*0402), and DR11 (DRB1*1101), and b3a2
peptides have been shown to induce HLA-DR1
(DRB1*0101), DR2 (DRB1*1501), DR4 (DRB1*0401),
DR9 (DRB1*0901), and DR11 (DRB1*1101) restricted
proliferative responses of CD4-positive T lymphocytes
and cytotoxic cell responses associated with DRB1
*0901.55, 60–64 Indirect evidence for processing and recog-
nition of p210-b3a2 class II has been described.60,64,65

Evidence for immunogenicity on class I and class II b2a2
and e1a2 peptides-derived breakpoint translocations
have also been reported.

Based on the immunogenic evidence of b3a2
peptides-derived translocation, the Memorial Sloan-
Kettering Cancer Center (MSKCC) Group initiated
studies to evaluate the safety and immunogenicity of a
multidose, multivalent BCR/ABL breakpoint peptide
vaccine in CML patients, with a b3a2 breakpoint. 

Based on these results, a phase II trial in adult CML
patients with any HLA type and a b3a2 breakpoint was
undertaken. Patients were vaccinated five times over
a 10-week period using a preparation of six peptides
(100 	g each) and the immunologic adjuvant QS-21
(100 	g). Immunologically responding patients
received three additional monthly vaccinations, and
those with continued response received another three
bimonthly vaccinations. Immune and clinical
responses were measured. All 14 patients developed
delayed-type hypersensitivity (DTH) and/or CD4 pro-
liferative responses, and 11 of 14 patients showed
IFN-� release by CD4 ELISPOT. A peptide-specific
CD8-positive IFN-� ELISPOT was found in four
patients; two of them had received an allogeneic stem
cell transplantation prior to relapse. Four patients in

hematologic remission had a decrease in Ph percent-
age (three concurrently receiving IFN-� and one on
imatinib), and three patients in molecular relapse
after allogeneic transplant became transiently PCR
negative after vaccination. Two of these patients
received DLI after the first vaccination in an attempt
to vaccinate the naive donor leukocytes within the
recipient (vaccination by proxy). All five patients on
IFN ultimately reached a complete cytogenetic remis-
sion. These results suggested that a tumor-specific
BCR/ABL breakpoint peptide-derived vaccine could
be safely administered to patients and that such a
vaccine could elicit measurable peptide-specific CD4
immune responses in all treated patients, including
patients post stem cell transplantation, on interferon,
or on imatinib. A causal relationship between clinical
response and vaccination, however, remains unclear
and requires further study in the context of well-
designed clinical trials.

Recently, an Italian group has reported results using
the same BCR/ABL vaccine. In this study, 16 evaluable
patients with CML in chronic phase with at least one
of a group of designated specific HLA subtypes (HLA
A3, A11, B8, DR11, DR1, or DR4) were treated. Patients
with a b3a2, BCR/ABL breakpoint were vaccinated sub-
cutaneously six times over a 12-week period (every 2
weeks) using a preparation of five peptides mixed with
QS-21 and granulocyte-macrophage colony-stimulating
factor (GM-CSF) the day before and the day of vacci-
nation. Patients who responded immunologically
received two booster vaccinations at 4- and 8-month
interval from the date of the last vaccination. As in the
prior study, no significant toxic effects were observed.
Thirteen of 16 patients developed CD4 proliferative
responses and 9 of 16 DTH. In 10 patients treated with
imatinib, 5 of 9 patients became CCR after three to six
vaccinations.66 Three of the five CCR patients were
also able to achieve a molecular response. In six
patients treated with IFN-�, two had a CCR. These
results supported the findings from the MSKCC Group
regarding the safety and measurable peptide-specific
CD4 immune responses in all treated patients, and
provide a rationale for future clinical trials in the con-
text of minimal residual disease induced by imatinib.66

SELF-ANTIGENS FOR IMMUNOTHERAPY OF CML
Proteinase 3, a serine protease stored in azurophilic
granules, is a differentiation antigen associated with
myeloid granule formation and is overexpressed in a
variety of myeloid leukemia types, including CML
cells. Therefore, it has been considered a possible tar-
get antigen for specific active immunotherapy. CTLs
specific for an HLA-A2.1-restricted nonpolymorphic
peptide (PR1) derived from proteinase 3 have shown
HLA-restricted cytotoxicity, and selectively inhibit
CML progenitors over normal marrow cells.67,68 PR1-
specific T cells have been identified by HLA-A2-PR1
peptide HLA tetramers in a majority of CML patients
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who responded to either IFN-� or allogeneic stem cell
transplantation.69 PR1-specific CTLs isolated from
these patients were capable of lysing fresh leukemia
cells. Follow-up studies in patients with relapsed CML
revealed a selective loss of the high-avidity PR1-CTL
population by tetramer determination. A functional
PR1-specific CTL immune response was also lost prior
to CML relapse, suggesting a possible therapeutic role
for “add back” of high-affinity PR1-CTL. 

The results of a phase I vaccine trial using a PR1
peptide in patients with HLA A0201 have been
reported. This trial included a total of 15 patients: 6
with CML (interferon resistant or relapsed after stem
cell transplantation), 8 with AML (smoldering relapse
or �second CR), and 1 with MDS with no detectable
antibodies to proteinase 3 (antineutrophil cytoplas-
mic autoantibody negative). Patients were treated
with three dose levels of PR1 peptide in incomplete
Freud’s adjuvant (Montanide ISA-51) and 70 	g of
GM-CSF every 3 weeks for three injections. Eight of 15
patients (53%) had some evidence of immune
response to the peptide vaccine as assessed by
tetramer staining and flow cytometric detection of
intracellular IFN-�. In this group, five patients experi-
enced a clinical response, including three patients
with a molecular response and one with a cytogenetic
response. In one patient, tetramer sort-purified PR1-
CTL obtained after vaccination showed PR1 specificity

against peptide-pulsed T2 cells, as well as significant
lysis of BM cell at diagnosis but not at remission. This
study provided evidence that peptide vaccination
against PR1 of leukemia patients can elicit highly
active specific cellular immunity against leukemia.

CONCLUSION

The introduction of imatinib therapy has altered the
paradigm for the clinical management of patients with
CML. Despite the overwhelmingly positive results
with this agent, a potential flaw with a targeted ther-
apy like imatinib is that the target needs to be present
in a form or amount that is sensitive to this specific
modality in every clonogenic cell. The inherent
genetic instability of CML poses both a theoretical and
practical problem for single-agent therapy. Patients
who have primary resistance to imatinib or who
develop resistance following therapy require alterna-
tive approaches to control and ultimately cure the dis-
ease. As new targets are identified, agents can be intro-
duced to complement imatinib and administer as part
of combination therapy. Alternatively, immunologic
approaches will continue to be used for patients who
fail first line therapy as the models of active specific
immunity are refined and the adoptive cellular thera-
pies receive more widespread application.
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INTRODUCTION

CLL is a disease of a subtype of mature B cells charac-
terized by expression of a specific combination of cell
surface molecules: CD5�, CD19�, CD23�; surface
immunoglobulin (sIg) and CD20 are expressed at only
low levels. Histologically, the disease is rather bland,
and usually, should present little problem in diagnos-
ing. However, despite the morphological homogene-
ity, the disease varies enormously in prognosis, with
some patients requiring no treatment for many years,
if ever, while others die rapidly with chemotherapy-
resistant disease. 

In the basic biology of CLL, considerable progress
has been made. The paradigm of CLL we have lived
with for the past 40 years, that CLL is a disease of
immunologically inert mature B cells, arising due to
suppressed apoptosis, is being increasingly challenged.
In the peripheral blood, viability of CLL cells appears
to be dependent on intercellular contact with special-
ized subsets of dendritic or “nurse-like” cells, while
other cell types may fulfil comparable roles in other
sites.1,2 In vivo metabolic labeling with heavy water
suggests an unexpectedly high turnover of cells3 (see
also www.kinemed.com). Studies on the sequences of
the expressed immunoglobulin (IG) variable region
(IGHV) gene sequences are shedding new light on the

possible pathogenesis of this disease. Furthermore, a
subclinical expansion of CLL cells has been described,
which appears to be the equivalent of monoclonal
gammopathy of undetermined significance (MGUS).4

Within molecular cytogenetics analysis, progress
has been hampered by the lack of a consistent cytoge-
netic lesion. The most common abnormality, involv-
ing deletion of a small region of chromosome 13q14,
may involve loss of expression of micro RNA gene
expression.5 Clinically, molecular genetic analysis of
the tumor cells, not only by molecular cytogenetics
but also by mutational analysis of IGHV sequences, are
now mandatory components for diagnosis in CLL and
will eventually predict therapy.6 Notably, patients with
mutated IGHV have a much better prognosis than
those with germline segments.7 Similarly, patients
with deletions and mutations involving either the p53
gene on chromosome 17p13.3 or the ATM gene on
11q23.1 fare badly.8 Determining the nature of the
molecular events associated with these different sub-
groups is now a major challenge.

FAMILIAL CLL

It is apparent from several studies that there is a famil-
ial clustering of cases of CLL, perhaps in as many as
5% of cases.8,9 The pedigrees are not normally large,
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usually affecting only two generations. The genetic
defect(s) underlying the familial form of the disease
remain unknown but are now the subject of a number
of epidemiologic and molecular studies. A number of
“candidate genes” have been investigated, but none
has shown involvement. Application of whole
genomic techniques to these cases may allow identifi-
cation of the key gene(s). Conventional comparative
genomic hybridization has been used in order to iden-
tify regions of recurrent genomic loss in DNA from
patients with familial CLL; four areas of loss were iden-
tified, including Xp11.2-p21, Xq21-qter, 2p12-p14,
and 4q11-q21.10 Use of bacterial artificial chromo-
somes (BAC) arrays would greatly enhance the resolu-
tion of this analysis.11

Cases may show anticipation, with both generations
often presenting concurrently; whether this reflects
trinucleotide expansion, as seen in neurological disorders
that exhibit this phenomenon (increasing expansion
being associated with an earlier age of onset of disease),
is not yet clear. However, anticipation is not a feature of
all series and may reflect ascertainment bias.

Please see http://www.icr.ac.uk for further informa-
tion and how to enter families into an international
collaborative study.

CD5+ B CELLS AND THE POSSIBLE ROLE 
OF CLONAL LYMPHOCYTES OF UNKNOWN 
SIGNIFICANCE IN CLL

CLL is a disease of CD5� B cells. CD5 is a highly con-
served single-chain 67-kDa transmembrane glycopro-
tein containing three scavenger receptor cysteine-rich
(SRCR) domains. CD5 expression is found on all human
T cells, but only on a subset of B cells. Despite its
sequence conservation, CD5 expression in T cells and B
cells varies widely from species to species; in some, all B
cells are CD5 positive. Studies on CD5-deficient mice
have shown that CD5 functions as a negative regulator
of B-cell receptor-mediated signaling. Murine CD5�

(B1) B cells may represent a distinct lineage of B-cell
development, arising early and self-renewing, produc-
ing low affinity, polyreactive antibodies that may con-
tribute to the development of autoimmune diseases.12

Whether CD5 expression in human B cells marks a
functionally distinct lineage, or whether it reflects its
function as an activation antigen, is unclear.

Both CD5� and CD5� B cells may be found in the
peripheral blood of normal individuals. It seems likely
that CLL arises from the former. The evidence for this
comes from an intriguing recent finding of clonal CD5�

B cells with the composite immunophenotype typical of
CLL (namely CD19�/CD5�/ with low CD20 and CD79b)
in the peripheral blood of 3.5% of normal individuals
older than 40 years.4 These cells, detected by four-color
flow cytometry, were present at low levels (median,
0.013; range, 0.002–1.458 � 109 cells/L), and in most
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cases, represented only a minority of B cells (median,
11%; range, 3–95%). Clonality was demonstrated using
IGH PCR, and sequence analysis showed the presence of
mutated IGHV sequences. Moreover, these cells are
markedly increased in frequency in first-degree relatives
of patients with the familial form of CLL.13

The precise significance of these cells is not clear; in
analogy with the situation in myeloma, they have been
termed clonal lymphocytes of uncertain significance or
“CLUS.” Long-term follow-up will be necessary to deter-
mine whether the relationship between the low-level
“CLL” cells and clinical disease is similar to that seen in
MGUS and myeloma. More recently, another study has
not only confirmed these findings of low-level CLL-like
cells in the peripheral blood of normal individuals, but
has also shown the presence of clonal B cells with dif-
ferent immunophenotypes.14 In both studies, the fre-
quency of clonal cells increased with age.

Further study of these populations should allow
insights into the pathogenesis of both familial and
sporadic forms of CLL.

CYTOLOGY/HISTOPATHOLOGY

The key diagnostic feature of CLL relies on a careful
examination of the peripheral blood smear. In a typical
case, there is a lymphocytosis of small, round, mature-
appearing lymphocytes with scant amounts of cyto-
plasm and mature chromatin. Typically, the chromatin
has a characteristic clumped appearance with absent
nucleoli. Disrupted lymphocytes, known as smudge
cells, are a common finding in CLL (Figure 22.1). A lym-
phocytosis of 5 � 109 lymphocytes/L has been a manda-
tory part of the diagnostic criteria (see Chapter 23),
although this will have to be reviewed in light of the
description of CLUS. 

Figure 22.1 Typical peripheral blood smear in CLL show-
ing small cells with clumped nuclear chromatin and occa-
sional smudge cells

http://www.icr.ac.uk


A small number of larger cells resembling prolym-
phocytes may be seen at diagnosis. Characteristically,
these account for �10% of the WBC differential. In
time the prolymphocytes can increase, leading to a
variant form of CLL referred to as CLL/PL. This repre-
sents a type of progression of CLL. In most cases, pro-
lymphocytes account for �55% of the total WBC. The
morphology in these cases is characteristically dimor-
phic, a finding that is particularly helpful for diagno-
sis. An uncommon form of CLL may occur and is
referred to as CLL of mixed cell type. Such cases
demonstrate a spectrum of morphologies and thus dif-
fer from the typical dimorphic appearance of CLL with
scattered prolymphocytes.

The bone marrow in CLL is virtually always
involved, but a number of differing presentations may
be encountered. These include a nodular pattern,/—
interstitial, mixed, and diffuse (Figures 22.2 and 22.3).

Some data suggest that these histologic patterns may
have independent prognostic relevance in CLL.
Occasionally, bone marrow biopsies may reveal the
presence of growth centers, a characteristic histologic
finding in the lymph nodes of patients with CLL.
These represent scattered pale-staining areas where
focal collections of prolymphocytes and so-called
paraimmunoblasts reside. As the name indicates, this
is where tumor growth is thought to occur and where
one would typically encounter the otherwise uncom-
mon mitotic figures. 

A predominantly lymph-node-based form of the
disease can occur, and is referred to as small lympho-
cytic lymphoma (SLL). The lymph node histology,
immunophenotype, and cytogenetic/molecular alter-
ations are identical to classic CLL. Although this repre-
sents an uncommon diagnosis, some cases of SLL may
never develop an absolute lymphocytosis. This fact
alone lends credence to the suggestion that CLL and
SLL are related, but unknown factors that distinguish a
predominantly leukemic disease from a tissue-based
illness are poorly understood. As noted above, the his-
tology of CLL and SLL are identical. The infiltrates are
diffuse, but the presence of growth centers imparts a
pseudofollicular architecture that is diagnostic. This
finding is the result of scattered growth centers that
produce an alternating dark and light staining pattern
(Figures 22.4 and 22.5). The lightly staining areas har-
bor prolymphocytes and paraimmunoblasts, larger
cells with more vesicular chromatin and prominent
nucleoli. Occasional cases may lack prominent growth
centers and typically these same cells are scattered dif-
fusely throughout the lymph node. This can lead to
problems with the diagnosis if the typical cytological
appearance of the CLL/SLL cells is not appreciated. In
some cases, growth centers may begin to sheet-out,
suggesting histologic transformation. Importantly,
this finding is not tantamount to the so-called
Richter’s syndrome, but rather represents a form of dis-
ease progression. Immunohistochemical staining of
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Figure 22.2 Bone marrow showing minimal nodular pat-
tern of involvement

Figure 22.3 Heavy, diffuse bone marrow involvement in
CLL. A growth center can be identified in the biopsy

Figure 22.4 Low magnification image of a lymph node in
CLL with “pseudo-follicular” pattern



sections of lymph nodes involved by CLL/SLL demon-
strate weak expression of CD20 (stronger within the
growth centers), expression of CD79a, coexpression of
CD5 and CD23, and absence of cyclin D1. 

CLL in most cases is easily diagnosed based on a com-
bination of morphology and immunophenotypic find-
ings. Rarely, cases are encountered where the distinc-
tion from other lymphoid leukemias or lymphomas is
difficult, requiring ancillary studies such as cytogenet-
ics, fluorescent in situ hybridization (FISH), and molec-
ular genetics. In particular, the differential diagnosis of
CLL includes a small group of other lymphoid malig-
nancies with B cells coexpressing CD5. This list includes
mantle cell lymphoma (MCL) and uncommon cases of
marginal zone lymphoma (MZL) that may show CD5
expression. MCL typically has a distinct morphology,
characterized by a cytologic spectrum rather than the
typical dimorphic appearance of CLL. The peripheral
blood may be involved at diagnosis in as many as one-
third of cases. MCL in most cases reveals a small num-
ber of circulating blast cells, a feature that is never seen
in CLL. However, rare cases exist that appear to overlap
these two diseases, making accurate subclassification
difficult. For these uncommon cases, other strategies
can then be used to help distinguish between CLL and
MCL. The immunophenotype of MCL is different from
CLL in the majority of cases. The expression of CD20 is
typically brighter than CLL, the cells express more sIg,
they fail to express CD23, and virtually always express
FMC7, an unusual epitope associated with the CD20
molecule. When a combination of morphology and
immunophenotype do not allow a distinction between
CLL and MCL, then FISH and/or standard cytogenetic
studies are useful. MCL always shows the presence of a
disease-defining translocation t(11;14)(q13;q32) involv-
ing CCND1 (cyclin D1) on chromosome 11. This
translocation is never seen in CLL/SLL.

Lastly, infrequent cases of CLL are characterized by
an atypical morphology (Figure 22.6). Such cases often
show unusual morphologic features such as nuclear
irregularity and more abundant, flowing cytoplasm.
The cells may coexpress CD11c, a variable finding in
typical CLL. These cases contain the subset of CLL in
which the t(14;19)(q32;q13) involving BCL3 on chro-
mosome 19q13 appears to be more common and tends
to be associated with more aggressive clinical behavior.
Chronic B-cell leukemias in which the cells lack CD5
coexpression should not be designated as CLL. Such
cases frequently represent splenic MZL and may be
associated with a slightly different morphology and the
presence of some cells showing villous cytoplasmic pro-
jections. In the absence of other evidence to support a
diagnosis of splenic MZL, based solely on the peripheral
blood examination, such cases should be labeled as
chronic B-cell leukemia, not otherwise specified.

IMMUNOPHENOTYPE

The immunophenotype of most cases of CLL allows
ready distinction from other malignancies of mature
B cells using only a limited panel of antibodies. The
coexpression of CD5 and CD23 in the presence of
low-level expression of CD20 and sIg is diagnostic
(Table 22.1). CD23-negative CLL is rare and has been
associated with a poor prognosis; whether it har-
bours specific genetic abnormalities is not yet
known.

A more comprehensive analysis of the CLL cell sur-
face has been performed assessing expression of a vari-
ety of other cell surface molecules in order to differen-
tiate possible prognostic subgroups.18 All B-CLLs
express the phenotype of activated B cells with overex-
pression of the activation markers CD23, CD25, CD69,
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Figure 22.5 Higher magnification of the same lymph
node showing growth centers with increased prolympho-
cytes and paraimmunoblasts

Figure 22.6 Peripheral blood smear with “atypical” CLL.
Cells have slightly less clumped chromatin and more flow-
ing cytoplasm



and CD71, whereas, conversely, all exhibit down-regu-
lation of CD22, Fc�RIIb, CD79b, and IgD, molecules
known to be down-regulated by cell triggering and
activation. This composite phenotype is typical of
memory B cells and is consistent with the gene expres-
sion profile of CLL. 

The immunophenotype of CLL proliferation centers,
however, differs significantly from that of cells in the
peripheral blood.2,16 Such cells express Ki67, high-levels
of CD20 and CD23, and unlike cells in the peripheral
blood survivin. Whether cells in the proliferation cen-
ters preferentially express activation-induced cytidine
deaminase (AID), an enzyme necessary for somatic
hypermutation (SHM), class-switching of the IGH
genes, and expressed in only a subclone in CLL, is not
yet known.19 These and other data discussed below
indicate that the proliferating cells in CLL may have a
different phenotype and behavior from the bulk of cells
in the peripheral blood.

The best molecule for prognostic evaluation is the
intracellular tyrosine kinase, ZAP70.20 This molecule
was found to be expressed in CLL from gene expres-
sion profiling (GEP) experiments. This was an unantic-
ipated finding, as until then ZAP70 had been described
as a T-cell specific molecule involved in signal trans-
duction from the T-cell receptor for antigen. ZAP70
expression has since been described in a variety of B-
cell malignancies, where its expression is unexpectedly
within the nucleus rather than the cytoplasm (Table
22.1). Its functions in B-cell malignancies are
unknown, although it has been suggested that, as in T-
cells, it may be involved in signal transduction from
the B-cell receptor (BCR) for antigen(reviewed in Ref.
16). The major clinical interest in ZAP70 in CLL is that
expression correlates strongly with absence of muta-
tions within the IGHV region gene segments (qv), and
may substitute for IGHV mutational analysis. ZAP70
expression may be detected by flow cytometry,
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Table 22.1 The immunophenotype and functions of some of the molecules associated with CLL

CD antigen Expression in lymphoid cells Functions and comments

All T cells 1. Negative regulator of B-cell receptor (BCR) signalling. 
B-cell subset 2. Stimulates autocrine IL10 production inhibiting apoptosis.

CD5
CD5+ DLBCL
Mantle cell lymphoma
Most (All) CLL

Activated B cells 1. A key molecule for B-cell activation and growth. 
2. Low-affinity IgE receptor. 

CD23/ FC�R2 Rare in DLBCL 3. Soluble forms (released by catalytic activity of ADAM
MCL usually negative. 8/15/28) have potent mitogenic activity. Levels correlate with 

disease activity.
4. Upregulated by IL4.

Most CLL

B-cells—component with CD79a/b heterodimer is critical for BCR signaling and regulates
CD79a of the BCR allelic exclusion, proliferation, differentiation, anergy, and

CD79b apoptosis in mature B cells. �CD79b, an alternative splice
LOW expression in CLL. transcript, is expressed preferentially in CLL.

Broad expression in B-cell Tetraspan family member. Only 47 amino acids in one loop
CD20 malignancies potentially exposed at the cell surface. Mediates store-operated
FMC7 cation entry. Localized to microvilli.15

LOW expression in CLL.
FMC7 is a CD20 epitope.

Broad hemopoietic expression. CD38 is a cyclic ADP-ribose hydrolase.
High-level expression on 

CD38 plasma cells.
High expression in poor 
prognosis CLL.

ZAP70 Normal T cells Intracellular kinase that transduces signals from the T-cell 
Various B-cell and T-cell antigen receptor involved in BCR signaling in CLL.16

malignancies May also be involved in CXCR4/SDF1 signaling
Low-level expression in CLL Predominantly nuclear expression in CLL17

with unmutated IGHV gene
segments.



although problems with using this method include
expression in residual T-cells and the low-level expres-
sion of the molecule in CLL.21 High ZAP70 expression
correlates with a more aggressive clinical course.

CYTOGENETICS AND MOLECULAR
CYTOGENETICS

Regular cytogenetic analysis of CLL is confounded by
the low proliferative rate of the bulk of the cells and
the presence of residual normal T cells. Comprehensive
analysis has been performed by a number of dedicated
centers worldwide, where conditions for CLL cytoge-
netics have been optimized. From these studies it is
clear that, unlike the related diseases of mature B
cells, such as follicular lymphoma or MCL, there is no
obvious consistent cytogenetic lesion in CLL. 

A number of recurrent abnormalities have been
identified, although the molecular consequences of
some remain to be unequivocally identified. Practically,
these lesions can be readily detected using interphase
FISH methods, either using individual BAC clones or
using CLL specific BAC arrays.22 However, interphase
methods will miss many of the complex cytogenetic
events that may occur in CLL.23 A further problem
is that many of these events, including both 11q and
17p13 deletions, are secondary and thus only pre-
sent in a fraction of cells at diagnosis; this may limit
the clinical use of BAC arrays, whose sensitivity is not
presently adequate to detect such minor changes.

As with acute lymphoblastic leukemia (ALL), detec-
tion of these genomic abnormalities is associated with
specific prognostic groups and will form the basis for
stratified therapy in future clinical trials.24

Del(13)(q14): Loss of a region of 13q14 is the com-
monest lesion seen in CLL, one allele being lost in
about 40% of the cases and both alleles in about
10–20% by interphase FISH analysis. Some of these
deletions may be extremely small and may therefore
be missed by interphase FISH. Deletions of this region
in the absence of other abnormalities are associated
with good prognosis disease in CLL. More recently, it
has become apparent that deletions of this region may
be seen not only in several other B-cell malignancies
including MCL, diffuse large B-cell non-Hodgkin’s
lymphoma (DLBCL), and myeloma, but in solid
tumors as well. 

These data strongly suggest the presence of a tumor
suppressor gene (TSG) within this region. However,
despite characterization of many transcripts within
the deleted region, the nature of the involved gene
remains obscure (see for example Ref. 25 and refer-
ences therein). According to Knudson’s hypothesis for
“classical” TSGs, deletion of one allele should be
associated with mutation of the other; no mutations
have been found in any of the candidate genes.

Similarly, no hypermethylation of the promoter
regions, which would also result in reduced expres-
sion, has been observed in CLL. Haploinsufficiency,
where loss of one allele alone results in a phenotype,
may be the answer to this conundrum, but validation
will require careful in vivo modeling.26

Another possibility is that the 13q14 deletion may
involve micro-RNAs (miRNAs), 19–22 nucleotide long
genes that regulate key processes including apoptosis
and proliferation.27 Some miRNAs are developmen-
tally regulated and some are B-cell specific; some are
directly involved in chromosomal translocations, indi-
cating a direct role in the pathogenesis of neoplasia.28

It has been suggested that the target genes in CLL may
be two adjacent miRNAs, miRNA15 and 16, clustered
together on chromosome 13q14 within the final
intron of the DLEU2 gene5 (see also http://www.sanger.
ac.uk/Software/Rfam/mirna/index.shtml). Furthermore,
the same group has used an miRNA array to demon-
strate that specific subgroups of CLL may be associated
with specific miRNA “signatures.”29,30 However, these
data are controversial and need to be confirmed. The
possible role of many of the other 206 miRNAs so far
identified in the pathogenesis of B-cell malignancies
remains to be investigated; it is of some considerable
interest that many map to the sites of recurrent DNA
damage in malignancy.

Del(11)(q22.3-q23.1): Deletions of this region are
observed in about 12–15% of the cases. These dele-
tions are molecularly variable and often secondary, but
tend to be associated with progressive disease occur-
ring in younger men with bulky lymph node disease.
The association with poor prognosis may not be pre-
sent in elderly patients with deletions of this region,
about 50% of which appear to involve the gene that
causes ataxia-telangectasia, the ATM gene. This gene
comprises 63 exons and encodes a huge protein of
3056 amino acids; consequently, mutational analysis
is technically difficult. Mutations of ATM are seen in
all cases of T-cell prolymphocytic leukemia and may
also be found in 50% of CLL patients with 11q dele-
tions. However, some of these “mutations” may in fact
represent rare germline polymorphisms.

The ATM protein is an important cell cycle checkpoint
kinase that functions as an activator/regulator of a wide
variety of downstream proteins, including p53, check-
point proteins RAD17 and RAD9A, and DNA repair pro-
teins. Loss of ATM functions results in loss of responses to
DNA damage, and consequently genomic instability.31

Del(17)(p13): deletion of the short arm of chro-
mosome 17 is seen in about 5–7% of cases of CLL at
diagnosis. This is often a secondary abnormality and
therefore may be seen in only a fraction of the neo-
plastic cells. The target gene of this deletion is cases
TP53, although deletion of one allele with no TP53
mutations in the remaining allele may occur, suggest-
ing the presence of another, more telomeric TSG on
chromosome 17p. 

Part I ■ LEUKEMIA218

http://www.sanger.ac.uk/Software/Rfam/mirna/index.shtml
http://www.sanger.ac.uk/Software/Rfam/mirna/index.shtml


Abnormalities within the TP53/ATM axis have a
profound impact on the biological behavior of CLL;
patients with either abnormality, but particularly
those with TP53 mutations, fare badly with conven-
tional chemotherapy. Their detection may be an indi-
cation for early therapy with agents such as CAM-
PATH-1H (alemtuzumab), where elimination of the
neoplastic cells does not depend on p53 function.
Given the importance of changes in TP53 and ATM to
eventual clinical outcome, and the difficulties in
assessing both genes, a simple functional assay may
be of value. The response to ionizing irradiation in
terms of increased p21 expression allows a direct
assessment of both p53 and ATM functions.32

Although the consequences of ATM and TP53 inac-
tivation are similar, they are by no means identical.
Genome-wide expression experiments have indicated
that the worse response of patients with TP53 muta-
tions may reflect the loss of p53-dependent apoptotic
pathways.33

Trisomy 12: This abnormality occurs in about 15%
of CLL patients and again is usually only seen in a frac-
tion of the cells. The percentage of cells with trisomy
12 often does not increase with transformation. The
specific molecular consequences of this abnormality,
which again is not specific for CLL, are not clear.

IG TRANSLOCATIONS IN CLL

Although IG translocations are rare in CLL34 and prob-
ably comprise no more than 5% of cases, they have
allowed the identification of a number of genes of
interest. They appear to be associated with aggressive
disease. The presence of a t(11;14)(q13;q32) in a
mature B-cell malignancy precludes the diagnosis of
CLL; MCL in leukemic phase, a specific subtype of
MCL, is most likely. Detection of IGH translocations is
now performed by interphase FISH, but these methods
have not been used to detect IG light chain transloca-
tions in any large series of CLL patients.

BCL2: All cases of CLL express high levels of BCL2
RNA and protein. It has been suggested that this high-
level expression is due to hypomethylation of the BCL2
promoter. Chromosomal translocations involving BCL2
are rare and probably occur in no more than 2% of the
cases. BCL2 translocations may be secondary events in
CLL. The prognostic implication of BCL2 translocations
in CLL is uncertain, as the levels of protein expression
are very high in cases lacking the translocation. 

The nature of BCL2 translocations in CLL suggests a
pathogenetic mechanism distinct from that seen in
follicular non-Hodgkin’s lymphoma. Unlike BCL2
translocations in follicular lymphoma, in CLL, most
involve the IG light chain gene segments. The break-
points within BCL2 are also different; most break-
points in CLL involve the 5� region of the gene within
the variant cluster region. 

BCL3: Originally identified by its involvement in
t(14:19)(q32;q13), BCL3 is a member of the IkB family
of proteins, which mediates transcriptional up-regula-
tion of NF�B target genes through interaction with
p50/p52 homodimers. The translocation is not specific
for CLL and occurs in several B-cell malignancies.

BCL11A: This gene, which encodes a Krüppel zinc
finger protein, was cloned from its direct involvement
in t(2;14)(p13;q32) in cases of aggressive CLL. How
BCL11A transforms B cells remains unknown. It is a
transcriptional repressor that binds directly to BCL6;
however, BCL6 is not usually expressed at high levels,
if at all, in CLL. BCL11A translocations are rare in CLL.
All cases to date have retained germline IGHV seg-
ments, despite having undergone class switch recom-
bination.

IGHV AND BCL6 MUTATIONAL 
ANALYSIS IN CLL

SHM of the IGHV gene segments is an essential com-
ponent in the generation of high affinity antibodies
during the immune response. This process introduces
targeted mutations primarily into the complementar-
ity determining regions (CDRs) of productively
rearranged IGHV segments at extremely high rates.
IGHV mutational analysis should reflect the history of
a B cell: mutations indicate encounter with antigen in
the germinal center, while unmutated IGHV sequences
indicate antigen naïve B cells. SHM is potentially a
dangerous, mutagenic process, and errors in SHM have
been implicated in the pathogenesis of B-cell lym-
phomas through the generation of IG chromosomal
translocations. SHM may also act on other non-IG
genes in both normal and malignant B cells.

Mutational analysis of IGHV gene segments in CLL
has been and continues to shed significant light on the
pathogenesis of the disease (reviewed in Refs. 16 and
35). In 1999, two groups independently showed that
the presence or absence of IGHV mutations defined
prognostically important subgroups of CLL; patients
lacking IGHV mutations fared worse than patients
with mutated sequences. One simple interpretation of
these data is that the unmutated CLL represents malig-
nant transformation of antigen naïve B cells. However,
these data are not consistent with either the activated
B-cell phenotype of CLL, or the gene expression pro-
file, both of which are most similar to memory B cells
with continued environmental stimulation. 

Mature B cells depend on maintained stimulation
via the BCR for antigen, and loss of this complex
results in rapid B-cell death by apoptosis.36 One possi-
ble explanation for the presence of unmutated IGHV
in CLL might be the strength of antigenic stimulation
with persistent environmental or autoantigenic stimu-
lation driving at least the early phases of development
of the neoplastic clone. Such cells might persist and be
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antigenically challenged without negotiating a classi-
cal germinal center reaction. If persistent exogenous
antigenic stimulation were confirmed, it would be
analogous to the development of extranodal mucosa-
associated lymphoid tissue lymphomas, which have
been shown to be dependent on chronic antigenic stim-
ulation of an increasing number of microbial antigens.37

Consistent with this hypothesis of recurrent anti-
genic stimulation is the restricted IGHV and IG light
chain (IGL) repertoires in at least some cases of
CLL.35,38,39 Individual IGHV segments tend either to be
mutated or unmutated and to have similar if not iden-
tical CDRs. For instance, in one study of class-switched
non-IgM producing CLL, five cases of sIgG� CLL were
found to share CDR motifs not only in the heavy
chain but also in the light chain. Three-dimensional
modeling indicated that these antibodies could bind
the same antigenic epitope. On the basis of the
restricted antibody responses to carbohydrate anti-
gens, it was suggested that this epitope might be a car-
bohydrate determinant.38 In a study of 1220 CLL
patients, 164 (13.8%) had VH1-69 and of these 163
were in germline configuration39; moreover, there
appeared to be marked restriction in the CDR3 region
in at least 15 of these patients, who also had the same
light chain gene. These data suggest that there is either
a strong antigenic selection process, or that B cells
bearing this particular combination of IG recombina-
tion events are somehow more sensitive to transfor-
mation. The presence of such restricted antibody
specificities allows new experimental approaches into
the pathogenesis of CLL.

However, not all mutated CLL behave “well.” It is
apparent from several series that patients with muta-
tions in the IGHV3-21 segment have progressive dis-
ease.40 In at least some cases this would appear to be
due to an association with the TP53 mutation.41

BCL6 mutations, clustering within the region sub-
ject to chromosomal translocations in follicular and
DLBCL and presumably arising due to the actions of
SHM, have been reported in CLL.34 In two reports
there was concordance between presence of IGHV
mutations, but not in the third. This controversy
remains to be resolved. In contrast to DLBCL, where
SHM-induced mutations may commonly occur in
other proto-oncogenes, such mutations appear to be
rare in CLL. 

GENOME-WIDE GEP

GEP experiments using either the Lymphochip or
Affymetrix arrays have shown that all CLL samples
have a remarkably consistent profile, independent of
IGHV mutational status, consistent with their origina-
tion from memory B cells. In this regard, CLL differs
from other B-cell diseases such as DLBCL, where the
profile differs markedly from case to case. CLL

expresses genes not expressed in normal memory B
cells, including ROR1 receptor tyrosine kinase and
CD200, and conversely, lacks expression of other
genes normally expressed in normal memory cells,
such as histone H2AX and RAD9. The biological rele-
vance of these observations remains to be determined;
some of these may be of direct pathological signifi-
cance in the development of CLL.

Despite the relative constancy of the CLL gene sig-
nature, a number of genes were identified whose
expression segregated with the presence or absence of
mutations. As mentioned earlier, ZAP70 expression
correlated most strongly with the unmutated IGHV
subset of CLL. Other genes differentially expressed
between the two subsets of disease included BCL7A,
FGFR1, and PAK1. Many of the genes that were more
highly expressed in unmutated CLL were induced dur-
ing activation of blood B cells. 

More recent GEP experiments have focussed on
responses of CLL to irradiation-induced DNA damage
and defining pathways that mediate resistance.33,42

BIOLOGY OF CLL

An observation made years ago is that CLL B cells iso-
lated from the peripheral blood undergo rapid apopto-
sis in vitro. The rate of apoptosis varies substantially,
but there appears to be no simple correlation between
rates of apoptosis in vitro and clinical outcome. A sim-
ilar rapid rate of in vitro apoptosis is also observed in B
cells derived from involved lymph nodes in patients
with follicular lymphoma. As both populations
express large amounts of BCL2 protein, these data may
indicate that BCL2 alone is insufficient to suppress
“spontaneous” apoptosis.

CLL cells in vivo do not appear to undergo such
rapid apoptosis; work has been done to elucidate sig-
naling pathways that maintain the viability in vitro, as
definition of these pathways might define new thera-
peutic targets. A number of signaling pathways have
been implicated, including IL4, IL7, CXCR4/SDF1,
BAFF, and integrin signaling; the possible clinical rele-
vance of these remains to be determined. Comparison
of experiments is difficult because of differing culture
conditions used. Serum-free conditions for the mainte-
nance of CLL cells in vitro have been defined, but have
not been widely used.43 Also, in most cases adequate
definition of the CLL cells used in the experiments, in
terms of both IGHV mutational and molecular cytoge-
netic analysis, has not been performed.

Spontaneous apoptosis may be suppressed simply
by either

a) culturing at high density,44 most in vitro experi-
ments use much lower concentrations of cells (106

cells/mL) than those actually seen in a patient, or
b) culturing in the presence of albumin.45
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Culturing CLL in the presence of adherent cells
from a wide variety of sources, including marrow mes-
enchymal cells, may also prevent apoptosis.46,47 The
presence in the peripheral blood, specialized dendritic
or “nurse” cells may maintain the viability of CLL for
prolonged periods.1

Prevention of proteolytic degradation of the anti-
apoptotic molecule MCL1 appears to be a key event in
most of these experiments48; the rapid turnover of this
protein may make it a target for a variety of therapeu-
tic approaches. However, all of the above techniques
do not result in proliferation of CLL cells, but rather in
maintained viability. CLL cells in the blood are in the
G0 phase of the cell cycle. As with spontaneous apop-
tosis, a large number of simple manoeuvres, such as
CpG dinucleotide stimulation along with IL2, or TNF�

and IL6, can result in proliferation.49

However, the physiological and biological relevance
of all of the above observations is not clear. Nor is it
certain that cells derived from the peripheral blood are
the correct population to be studied. Few studies have
been done on either bone marrow or lymph node CLL
cells, which may differ considerably from cells within
the blood.

Moreover, a number of interesting studies in vivo
suggest that CLL, rather than being a disease of sup-
pressed apoptosis with only gradual accumulation of
cells, may in fact, like other malignancies, be a disease
of proliferation. First, there is evidence using meta-
bolic labeling with D2O or heavy water and mass spec-
trometry that patients with clinical stage A disease
with stable peripheral blood lymphocytes may never-
theless turnover the entire clone in a matter of
months 3. Secondly, and less directly, B-CLL cells have
been shown to have significantly shorter telomeres
than those in autologous neutrophils and B cells from
healthy age-matched subjects; patients with unmu-
tated IGHV genes had significantly shorter telomeres
than those in mutated IGHV genes.50,51 These data
suggest that a considerable number of cell divisions

must have occurred in the leukemic cells after their
genesis.

Taken together, these results indicate that CLL may
be rapidly turning over in vivo and that several
cell–cell interactions are required in order to maintain
the viability of CLL cells. The necessity for persistent
signaling suggests new therapeutic approaches. 

There are also profound immunological defects in
CLL whose biology remains poorly understood.
Suppression of residual normal B cells as detected by
low serum immunoglobulin levels is a feature, and
worsens with disease progression. One explanation
might be the release of immunosuppressive cytokines,
such as IL10 or TGF�, from CLL B cells. However,
there are also marked abnormalities of the T-cell pop-
ulations in CLL. Somewhat surprisingly, their num-
bers are usually increased in CLL and their persistence
may be essential for progression of CLL (reviewed in
Ref. 16).

CONCLUSIONS

Historically, CLL has lagged behind the other B-cell
malignancies in terms of molecular and biological
analysis. This situation is now changing rapidly. We
are beginning to make progress in our understanding
of the basic biology of CLL. The paradigm of gradual
accumulation of apoptotis defective mature B cells is
now being replaced by a much more complex and
dynamic picture of proliferating CLL stem cells52 con-
tinued superantigen drive, and persistent stimulation
by a variety of different stromal and perhaps T cells,
with constant turnover of cells in the periphery. The
nature of the CLL stem cell and the nature of the initi-
ating genetic events in this cell population are key
aims; identification of both would hopefully allow the
development of more effective and targeted therapies,
along the lines of the paradigm established in chronic
myeloid leukemia and imatinib. 
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) is characterized
by accumulation of monoclonal malignant B cells in
blood, lymph nodes, liver, spleen, and bone marrow.
These cells have a unique immunophenotype and biol-
ogy. With time, patients may develop progressive lym-
phocytosis, lymphadenopathy, hepatosplenomegaly,
anemia, and thrombocytopenia. Prior to the availabil-
ity of flow cytometry, cytogenetic, and molecular
analyses, the diagnosis was made based on an elevated
white blood cell count with morphologic examination
of the blood smear demonstrating characteristically
small, well-differentiated lymphocytes. Some patients
also presented with lymphadenopathy and/or
hepatosplenomegaly. Flow cytometry has made evalu-
ation and characterization of B-cell lymphoprolifera-
tive diseases more precise and has enabled identifica-
tion of subgroups of patients with clinically distinct
diagnoses. Karyotypic analyses, including standard
metaphase chromosome analysis and fluorescence in
situ hybridization (FISH), have also been key in identi-
fying subgroups of patients with B-cell lymphoprolif-
erative diseases. Still, CLL remains a diagnosis for
which diverse clinical courses are observed and are dic-
tated by characteristics of the individual patients’
leukemic clone. Continued work to identify important
and significant prognostic factors will enable identifi-
cation of clinical entities that represent distinct dis-
eases within the group of patients currently diagnosed
with CLL. In this chapter, we will review diagnostic cri-
teria and clinical characteristics of patients with CLL.

EPIDEMIOLOGY

CLL is the most common adult form of leukemia in
Western society. According to a recent analysis of the
Surveillance Epidemiology and End Results database,1

the annual overall age-adjusted incidence in the United

States between 1997 and 2001 was 3.5�100,000 people:
5.0�100,000 for males and 2.5�100,000 for females. This
is a disease of older adults with distinct and unique clin-
ical characteristics and concerns. The majority of indi-
viduals are diagnosed when over 65 years of age, and
the incidence increases with increasing age. The inci-
dence for individuals over age 70 years is 50�100,000.
The median age at diagnosis between 1997 and 2001
was 72 years: for males 70 years and 74 years of age for
females. This median has risen over the past 10–15
years, likely due to aging of the U.S. population. The 5-
year survival (1995–2000) was 73% overall: 71% for
males and 76% for females. The median age at death
was 78 years: 76 for males and 81 years for females.

In the United States, CLL is most common in the
Caucasian population and less common in African-
Americans and individuals from the Far East. The age-
adjusted annual incidence between 1975 and 2001 for
Caucasians was 3.9�100,000 and for African-Americans
2.8�100,000.1 CLL is rare in individuals of Japanese
ancestry.

Ghia et al. screened blood from 500 unselected
healthy individuals over age 65 and identified a popu-
lation of monoclonal (by light-chain analysis)
CD5��19��23� B cells in 3.8% of these individuals.2

These asymptomatic individuals did not have lympho-
cytosis or clinical evidence of disease, and did not ful-
fill diagnostic criteria for CLL. Whether or not some or
all of these individuals will progress to fulfill diagnos-
tic criteria or develop symptomatic disease is unclear.
Nevertheless, this indicates that the incidence of a
monoclonal lymphoproliferative process is potentially
much more common in the elderly population than
has been previously appreciated.

The demographics of newly diagnosed patients are
different today than 20 years ago. Due to the wide-
spread availability of routine automated blood counts,
a large proportion of patients is diagnosed based on
incidental finding of lymphocytosis in the absence of
any significant symptoms. These patients are therefore
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being diagnosed at an earlier stage. The overwhelming
majority of patients present to private practice physi-
cians and are followed and treated in this setting.
Patients followed and treated at tertiary referral centers
tend to be younger and more heavily pretreated. The
median age for both previously untreated and previ-
ously treated patients on clinical trials at such institu-
tions is roughly 60 years of age.

CLINICAL PRESENTATION

The clinical presentation of CLL patients is diverse,
with variability in presenting symptoms, physical
examination findings, and laboratory test results. As
noted above, patients often present without any symp-
toms, and the diagnosis is made on the basis of an ele-
vated absolute lymphocyte count found on routine
complete blood count (CBC). Less commonly, patients
present with nontender lymphadenopathy, and are
noted to have an elevated blood lymphocyte count on
further evaluation. Some patients present with con-
comitant illnesses such as infection or chronic rhinitis,
or less commonly, autoimmune phenomena such as
autoimmune hemolytic anemia (AIHA) or immune
thrombocytopenia purpura (ITP).

CRITERIA FOR DIAGNOSIS

The National Cancer Institute (NCI) sponsored a work-
ing group in 1988 that developed criteria and guidelines
for clinical protocols, as well as general-practice recom-
mendations for patients with CLL.3 In 1996, the criteria
and guidelines were revised to those in current use.4

These guidelines importantly include indications for
treatment and criteria for evaluating response to treat-
ment. The diagnosis of CLL requires a sustained absolute
lymphocytosis of greater than 5000 lymphocytes/	L.
This value is also important for making the academic
distinction between CLL and small lymphocytic lym-
phoma (SLL), in which the absolute lymphocyte count
is less than 5000 lymphocytes/	L. Patients with greater
than 55% prolymphocytes on differential or greater
than 15,000 prolymphocytes/	L meet the diagnostic cri-
teria for prolymphocytic leukemia (PLL). Morphologic
assessment and flow cytometry immunophenotyping
are critical to confirming the diagnosis of CLL and will
be discussed subsequently in this chapter.

Although a bone marrow aspirate and biopsy are
not required for making the diagnosis of CLL, if per-
formed, the aspirate smear should show greater than
30% of nucleated cells to be lymphocytes according to
the NCI criteria.4 Evaluation of the sectioned bone
marrow core biopsy will identify the pattern of
involvement, which has prognostic value. As the bone
marrow is always involved and is the last to be cleared
with standard chemotherapy, a bone marrow exami-
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nation is most helpful in evaluating response to treat-
ment and is required to confirm complete remission. A
bone marrow aspirate and biopsy are also useful in
evaluating patients with thrombocytopenia to differ-
entiate between an autoimmune process and lack of
platelet production due to CLL marrow infiltration.

DIFFERENTIAL DIAGNOSIS

A malignant lymphoproliferative disorder should be
suspected when the absolute lymphocyte count is
greater than 5000 lymphocytes/	L. The differential
diagnosis for patients with lymphocytosis, lym-
phadenopathy, and/or organomegaly includes numer-
ous malignant lymphoproliferative disorders (Table
23.1). These include CLL, PLL, adult peripheral T-cell
lymphoma, natural killer cell leukemia, mantle cell
lymphoma, marginal zone lymphoma (nodal, extran-
odal, or splenic), hairy cell leukemia, SLL, lymphoplas-
macytic leukemia, and follicular center lymphoma in a
leukemic phase. Distinguishing CLL from other lym-
phoproliferative disorders is based on morphology and,
more importantly, on immunophenotype (Figure 23.1).

Lymphocytosis may be reactive and therefore poly-
clonal and benign (Table 23.2). This must be distin-
guished from the malignant monoclonal lymphopro-
liferative disorders. Reactive lymphocytosis may be
due to viral or bacterial infections. In addition, indi-
viduals may have elevated lymphocyte counts follow-
ing splenectomy. For B-cell lymphoproliferative dis-
eases, monoclonality is usually established by
immunoglobulin (Ig) light-chain restriction.5

Table 23.1 Differential diagnosis for monoclonal B-cell
lymphoproliferative disorders

Clonal lymphocyte population Disease

B Cell Chronic lymphocytic 
leukemia
Mantle cell lymphoma
Follicular lymphoma
Hairy cell leukemia
Splenic marginal zone 
lymphoma
Splenic lymphoma with 
villious lymphocytes
Lymphoplasmacytoid 
lymphoma
B-cell prolymphocytic 
leukemia

T Cell Sezary syndrome
Large granular 
lymphocyte leukemia
Adult T-cell 
leukemia/lymphoma
HTLV-1� T-cell leukemia
T-cell prolymphocytic 
leukemia



SYMPTOMS

Many patients are asymptomatic at diagnosis, particu-
larly patients with early stage disease. Symptoms may
include weakness, malaise, fatigue, night sweats, and
low-grade fever without evidence of infection.
Unintentional weight loss is not common but if it
reaches or exceeds 10% body weight in a 6-month
period, it is an indication for treatment. Classical B
symptoms are uncommon in patients with CLL, and if
present in those with long-standing disease may indi-
cate transformation to large-cell lymphoma (Richter
transformation). Less commonly, patients may com-
plain of rheumatology-type symptoms, such as
arthralgias and myalgias. These rheumatologic symp-

toms may be associated with rheumatoid factor.6 It is
uncommon for progressive adenopathy to produce
pain, airway or vascular compromise, or obstruction of
the gastrointestinal tract. Organomegaly, particularly
splenomegaly, also occurs with progressive disease.
Splenomegaly is usually painless, but may cause early
satiety and bloating. Patients with CLL can have exag-
gerated reactions to mosquito or other insect bites.7–9

The pathophysiology for this hyperresponsiveness is
unknown.

PHYSICAL FINDINGS

The most common finding on physical examination is
adenopathy, which is most easily appreciated in the
cervical, axillary, and inguinal regions. Adenopathy is
typically symmetric, but may be more prominent in a
particular region of the body, such as the neck. If
adenopathy is asymmetric, or there is rapid increase in
a localized nodal group, suspicion should be raised for
Richter transformation. Organomegaly typically
involves the spleen; hepatomegaly due to leukemic
infiltration is less comman. Although extranodal
involvement is rare, patients may develop leukemic
infiltrates in the skin,10,11 mucosa-associated lymphoid
tissue,12,13 or lungs.14–16 Central nervous system
involvement with leukemia is rare, but can cause
headache, meningitis, cranial nerve palsy, mental sta-
tus changes, or coma.17 The kidneys or collecting sys-
tem may be involved with leukemia.18–21 This is rare
and difficult to document by histology. When present,
it may be characterized by a progressive rise in creati-
nine that improves following treatment. Overall,
patients with extranodal involvement tend to have
more aggressive disease and a worse prognosis.
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Figure 23.1 Characterization of malig-
nant lymphocytosis by flow cytometry.
Lymphoproliferative disorders are charac-
terized by flow cytometry based on 
T- and B-cell markers. This figure further
classifies CD19� lymphoproliferative dis-
eases based on B-cell markers

Table 23.2 Benign lymphocytosis

Lymphocyte population Etiology

B Cell Postsplenectomy
Persistent polyclonal 
B-cell lymphocytosis

T Cell Viral infection (EBV, 
CMV, influenza, 
hepatitis, HTLV)
Bordetella pertussis
Syphilis
Mycobacterium
tuberculosis
Serum sickness
Thyrotoxicosis
Addison disease
Postsplenectomy

EBV, Epstein–Barr virus; CMV, cytomegalovirus; HTLV, human 
T-lymphotrophic virus.



LABORATORY FINDINGS

BLOOD FINDINGS
In previously untreated patients, lymphocytosis must be
present. Lymphocytosis may be affected by treatment,
and some patients may have prominent adenopathy
with minimal lymphocytosis following treatment. The
leukemic cells of patients with CLL are typically small-to-
medium size, well differentiated, and have a thin rim of
cytoplasm and a dense, homogenous, round nucleus
that is slightly eccentrically located [Figure 23.2(a)].22 The
chromatin is clumped and nucleoli are usually not
prominent. Prolymphocytes are larger with dispersed
chromatin, a single nucleolus, and more abundant cyto-
plasm [Figure 23.2(b)]. For typical CLL, there should be
fewer than 10% prolymphocytes.23 CLL with increased
prolymphocytes (CLL/PL) is defined by more than 10%
but fewer than 55% prolymphocytes. Patients with
greater than 55% prolymphocytes or greater than 15,000

prolymphocytes/	L meet the diagnostic criteria for PLL.
Smudge cells may be present on the peripheral blood
smear of patients with CLL [Figure 23.2(c)].24 These are
leukemia cell artifacts that result from rupture of fragile
lymphocytes with processing and preparation of the
blood smear. Patients with CLL almost never experience
leukostasis syndrome. With a rising absolute lymphocyte
count, there is a relative reduction in the number of neu-
trophils; previously untreated patients may develop neu-
tropenia (�500 neutrophils/	L). This may be a dilution
effect, but may also be due to reduced production as a
result of CLL bone marrow infiltration.

STAGING

Stage has prognostic importance for patients with CLL.
It is also used as a guide to initiate treatment. Staging
is most useful at diagnosis, prior to administration of
any treatment. There are two major staging systems:
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Figure 23.2 Morphology and histology of CLL in peripheral blood and lymph node. (a) Peripheral blood smear of a patient
with CLL (1000 � magnification). Typical CLL lymphocytes are small and well differentiated, with round nuclei and clumped
chromatin. (b) Peripheral blood smear of a patient with PLL. Prolymphocytes comprise greater than 55% of cells and are
larger with dispersed chromatin, prominent, single nucleoli, and abundant cytoplasm (1000 � magnification). (c)
Peripheral blood smear of a patient with CLL, illustrating “smudge cells” (500 �magnification)



the Rai staging system,25,26 used in the United States,
and the Binet staging system,27 used more commonly
in Europe (Table 23.3). The Rai staging system was ini-
tially proposed as a five-stage system, with stage 0
characterized by lymphocytosis, stage I by adenopa-
thy, stage II by organomegaly, stage III by anemia, and
stage IV by thrombocytopenia.25 This five-stage system
was simplified into three stages, consisting of low risk
(stage 0), intermediate risk (stages I and II), and high
risk (stages III and IV).26 The estimated median sur-
vival for patients with low-risk disease was �10 years,
for intermediate-risk disease 7 years, and for high-risk
disease 1.5–4 years. The Binet system is a three-stage
system and is based on the number of lymph node
sites involved and the presence or absence of cytope-
nias. Generally, patients progress through the stages
with progression of their disease, in the absence of
treatment.

The prognostic significance of stage is more obvious
for patients with advanced-stage disease. However, the
majority of patients are diagnosed with early stage dis-
ease, of whom about half will have an indolent clinical
course and the other half will have a more progressive
course. Therefore, significant effort has gone into iden-
tifying prognostic factors for patients with early stage
disease that predict for rapidly progressive disease.
Recently identified important prognostic factors that
have been identified include immunoglobulin heavy-
chain variable (IgVH) gene mutational status,28,29

expression of surface CD38,29,30 and ZAP-70 expres-
sion.31–34 These prognostic factors are most useful for

counseling patients with early stage disease, as approx-
imately half of these patients will be nonprogressors
with an indolent clinical course and half will have pro-
gressive disease, requiring treatment in a short period.

EVALUATION OF PATIENTS WITH CLL

Initial evaluation (Table 23.4) of patients suspected of
having CLL should begin with a complete history and
physical examination. There are no known associations
between CLL and environmental exposures; therefore,
exposure history is usually noncontributory. There is a
strong association between genetics and risk for
CLL,35–37 making family history an important part of the
evaluation. Physical examination should concentrate on
evaluation for adenopathy and hepatosplenomegaly.
CBC with differential and morphologic examination of
the blood smear provides both diagnostic and staging
information. Immunophenotype analysis of blood or
bone marrow is also required. Phenotypic markers for a
complete workup should include Ig light chains (� and
�), CD5, CD19, CD23, CD20, CD79b, FMC7, CD11c,
CD22, CD25, CD10, and CD38 (prognostic). Karyotype
analysis by FISH for 13q deletion, 17p deletion, 11q dele-
tion, and trisomy 12 yields useful prognostic informa-
tion for counseling patients; standard metaphase kary-
otype is of lower yield and will often miss 13q deletion.
Serum chemistries should be performed, including
serum creatinine, especially if it is likely that treatment
will be initiated. Measure of serum �-2-microglobulin
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Table 23.3 Staging systems for CLL

Staging system Simplified three-stage Clinical features at diagnosis Estimated median 
system survival (years)

Rai stage
0 Low risk Lymphocytosis in blood and marrow only �10
I Intermediate risk Lymphocytosis and lymphadenopathy 7
II Lymphocytosis and splenomegaly 

and/or hepatomegaly
III High risk Lymphocytosis and anemia (Hgb �11 g/dL) 1.5–4
IV Lymphocytosis and thrombocytopenia 

(PLT �100,000/	L)

Binet stage
A Blood and marrow lymphocytosis and �3

areas of palpable node/organ enlargement 
(cervical, axillary, or inguinal; liver or 
spleen) �7

B Blood and marrow lymphocytosis and �3
areas of palpable node/organ enlargement 
(cervical, axillary, or inguinal; liver or 
spleen) �5

C Same as B with anemia (Hgb �11 g/dL 
for men and �10 g/dL for women) or 
thrombocytopenia (PLT �100,000/	L) �2

Hgb, hemoglobin; PLT, platelets.



provides prognostic information.38,39 Quantitative
immunoglobulin levels should be obtained to assess for
hypogammaglobulinemia. Occasionally, IgG or IgM will
be elevated, in which case serum protein electrophoresis
with immunofixation can be obtained to evaluate for
the presence of a monoclonal paraprotein.40,41 If avail-
able, ZAP-70 expression should be measured as a prog-
nostic marker. Further evaluation should be directed by
clinical judgment. If AIHA is suspected, then reticulo-
cyte count, direct and indirect Coomb test, haptoglobin
level, lactate dehydrogenase, and fractionated bilirubin
should be evaluated. Radiographic studies are not
required for staging; however, they should be obtained
when clinically indicated.

IMMUNE DEFECTS

The immune system is composed of unique and
diverse effector cells and soluble factors (proteins) that
must be carefully orchestrated in order to carry out
innate and adaptive protective functions. CLL B cells
disrupt the immune function of patients with CLL
(Table 23.5). The most evident manifestation of
immune dysfunction is the increased risk and fre-
quency of infection. Many patients with CLL succumb
to infection or ineffectively treated autoimmunity.42–44

The treatments used for CLL, such as purine analogs,
further immunosuppress patients and put them at
increased risk for opportunistic infections and may
exacerbate or unmask autoimmunity.45–47

HUMORAL DEFECTS
Immunoglobulin
Hypogammaglobulinemia is a common and progres-
sive immune defect in patients with CLL and is
another factor that increases the risk of infection.44,48

Furthermore, dysregulated humoral immunity is asso-
ciated with ineffective production of antigen-specific
antibodies.49

Hypogammaglobulinemia is not always present at
diagnosis, but frequently develops as the disease pro-
gresses. It follows that the incidence increases with
duration of disease and with advancing stage.50–52 It is
progressive and tends to be irreversible; immunoglob-
ulin levels rarely return to normal even in those
patients achieving complete remission with treatment.
This refractoriness to recovery may be related to pro-
longed lymphopenia induced by purine analogs.
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Table 23.4 Evaluation of newly diagnosed patients with CLL

Essential studies
History and physical examination
CBC and differential
Morphologic examination of peripheral blood smear
Immunophenotype of blood or bone marrow aspiration
Markers include surface Ig (IgM, IgD, and IgG), Ig light chains (� and �), CD5, CD19, CD20, CD23, CD79b, CD11c, CD22, 
CD38, CD10, and FMC7
Cytogenetic analysis with FISH for 13q deletion, 11q deletion, trisomy 12, and 17p deletion
Serum chemistries including creatinine, �-2-microglobulin, quantitative Ig
Serial CBC to determine lymphocyte doubling time

Optional studies
Bone marrow aspirate and core biopsy
Leukemia cell ZAP-70 expression
IgVH gene sequence

Table 23.5 Immune defects in patients with CLL

Defect Characteristic

T cell Inverted blood CD4/CD8 ratio
Poor T-cell response to 
mitogens
Defective expression of 
function-associated surface 
molecules
Increased CD8� suppressor
cell function
Anergy/hyporesponsive skin 
testing

B cell Reduced number in blood
Reduced immunoglobulin 
production

Neutrophil Quantitative decrease in 
neutrophils
Functional
defects—chemotaxis,
phagocytosis, and 
chemiluminescence

Hypogammaglobulinemia Overall decreased serum 
immunoglobulin levels
Decreased serum IgG3, IgG4, 
and IgA
Decreased mucosal IgA 
and IgM

Complement Deficiency Decreased C1 and C4

C1 esterase inhibitor deficiency



Hypogammaglobulinemia is directly related to mor-
bidity and mortality in patients with CLL since it
increases the risk for infection with encapsulated bac-
teria, and infection is the cause of death in 30–50% of
patients with CLL.52–55 Also, reduced mucosal IgA and
IgM are risk factors for developing respiratory tract
infections, such as pneumonia. The risk of morbidity
and mortality appears to increase when IgG levels fall
below 700 mg/dL; reduced serum IgA levels are also
correlated with shorter survival.56 It is intriguing that
certain isotypes and subclasses tend to be more com-
monly affected, particularly IgG3 and IgG4.55,57 Some
patients have marked hypogammaglobulinemia but
do not develop infections, leading to speculation that
certain Ig subclasses may be more critical for protec-
tion than currently appreciated. 

AUTOIMMUNITY
Although CLL is characterized by progressive hypogam-
maglobulinemia and defective T-cell immunity, a para-
doxical event is the development of autoimmunity in
some patients with this disease. The autoimmune tar-
gets are predominately hematopoietic cells, specifically
mature red blood cells, platelets, or red blood cell pre-
cursors. AIHA is the most common feature and together
with ITP may occur in as many as 35% of patients.58,59

Much less commonly, patients may develop a lupus-like
condition60 or rheumatoid arthritis.6 The mechanism
by which patients develop this autoimmunity is
unclear. Occasionally, such events can be severe,
refractory to treatment, and lead to significant mor-
bidity and mortality.

Autoantibodies are more common in the elderly
population,61 nearly as frequent as seen with individ-
uals with CLL; however, the incidence of AIHA is
higher in patients with CLL than normal age-
matched individuals. CLL is the most common cause
of secondary AIHA.62 AIHA in CLL is characterized by
production of polyclonal antibodies against mature
red blood cells. These are “warm antibodies” and are
demonstrated with the Coomb test. The autoanti-
bodies are typically IgG isotype, indicating participa-
tion of activated T cells and memory cells. The preva-
lence of AIHA increases with advanced stage and
progression of the disease.63 CLL B cells have been
shown to produce Ig with low-level autoreactivity,
but there is no evidence that the leukemia cells pro-
duce the autoantibodies responsible for AIHA or ITP.
A significant proportion of patients (over 20%) with
CLL have positive direct Coomb tests; however, not

all of these patients will develop clinically significant
AIHA. In addition, not all patients with active
hemolysis will have a positive direct or indirect
Coombs tests.

Treatment, particularly with the purine analog flu-
darabine, has been associated with development of
AIHA.64,65 However, randomized trials comparing flu-
darabine to alkylating-agent-based therapy have not
shown a significantly higher incidence of AIHA in
patients receiving fludarabine. The mechanism for
treatment-induced autoimmunity is likely unmasking
of autoimmunity after alteration of T-lymphocyte
populations.

ITP occurs in 2–5% of patients with CLL.58,63,66 ITP is
more difficult to diagnose than is AIHA due to a lack of
reliable diagnostic laboratory tests. Antiplatelet anti-
body studies are unreliable. In addition, there are other
causes for thrombocytopenia patients with CLL.
Specifically, thrombocytopenia may be caused by pro-
gressive bone marrow infiltration by leukemia cells with
disease progression. In addition, splenomegaly that
develops with disease progression may contribute to
thrombocytopenia through sequestration. Despite this,
it is unusual for marrow infiltration or splenomegaly to
result in a platelet count less than 10,000/	L. If patients
develop thrombocytopenia to this degree in the
absence of cytotoxic chemotherapy, then ITP is high on
the differential diagnosis.

Similarly to AIHA, ITP results from production of
polyclonal antibodies of IgG isotype. Production of
such antibodies implies the participation of activated
T cells in this reaction and production of memory
cells. Cytotoxic chemotherapy has also been reported
to trigger ITP in patients with CLL. Notably, approxi-
mately one-third of patients with ITP associated with
CLL also have a positive direct Coomb test.67

CONCLUSIONS

Great progress has been made over the past 10–20
years in characterizing B-cell lymphoproliferative dis-
eases, particularly CLL. Immunophenotypic analysis,
as well as molecular genetics, has significantly con-
tributed to this characterization. However, significant
heterogeneity still exists in the clinical courses of
patients diagnosed with this disease. Further progress
in defining subsets of patients with a more homoge-
nous prognosis will likely be aided by further identifi-
cation of molecular aberrations in this disease.

Chapter 23 ■ Clinical Features and Making the Diagnosis 231

REFERENCES

1.National Cancer Institute: SEER Cancer Statistics Review
1975–2001. Available at:
http://seer.cancer.gov/csr/1975_2001/.

2.Ghia P, Prato G, Scielzo C, et al.: Monoclonal CD5� and
CD5- B-lymphocyte expansions are frequent in the
peripheral blood of the elderly. Blood 103:2337, 2004.

http://seer.cancer.gov/csr/1975_2001/


3.Cheson BD, Bennett JM, Rai KR, et al.: Guidelines for
clinical protocols for chronic lymphocytic leukemia: rec-
ommendations of the National Cancer Institute-spon-
sored working group. Am J Hematol 29:152, 1988.

4.Cheson BD, Bennett JM, Grever M, et al.: National
Cancer Institute-sponsored working group guidelines for
chronic lymphocytic leukemia: revised guidelines for
diagnosis and treatment. Blood 87:4990, 1996.

5.Batata A, Shen B: Diagnostic value of clonality of surface
immunoglobulin light and heavy chains in malignant
lymphoproliferative disorders. Am J Hematol 43:265, 1993.

6.Taylor HG, Nixon N, Sheeran TP, et al.: Rheumatoid
arthritis and chronic lymphatic leukaemia. Clin Exp
Rheumatol 7:529, 1989.

7.Weed RI: Exaggerated delayed hypersensitivity to mos-
quito bites in chronic lymphocytic leukemia. Blood
26:257, 1965.

8.Kolbusz RV, Micetich K, Armin AR, et al.: Exaggerated
response to insect bites. An unusual cutaneous manifes-
tation of chronic lymphocytic leukemia. Int J Dermatol
28:186, 1989.

9.Barzilai A, Shpiro D, Goldberg I, et al.: Insect bite-like
reaction in patients with hematologic malignant neo-
plasms. Arch Dermatol 135:1503, 1999.

10. Cerroni L, Zenahlik P, Hofler G, et al.: Specific cutaneous
infiltrates of B-cell chronic lymphocytic leukemia: a
clinicopathologic and prognostic study of 42 patients.
Am J Surg Pathol 20:1000, 1996.

11. Kaddu S, Smolle J, Cerroni L, et al.: Prognostic evalua-
tion of specific cutaneous infiltrates in B-chronic lym-
phocytic leukemia. J Cutan Pathol 23:487, 1996.

12. Kuse R, Lueb H: Gastrointestinal involvement in
patients with chronic lymphocytic leukemia. Leukemia
11(suppl 2):S50, 1997.

13. Johnston R, Altman KW, Gartenhaus RB: Chronic lym-
phocytic leukemia manifesting in the paranasal sinuses.
Otolaryngol Head Neck Surg 127:582, 2002.

14. Berkman N, Polliack A, Breuer R, et al.: Pulmonary
involvement as the major manifestation of chronic lym-
phocytic leukemia. Leuk Lymphoma 8:495, 1992.

15. Dear AE, Goldstein D, Hayman JA: Malignant pul-
monary lymphoid disease: case reports illustrating
anatomical pattern of disease as a prognostic marker.
Pathology 28:20, 1996.

16. Ahmed S, Siddiqui AK, Rossoff L, et al.: Pulmonary com-
plications in chronic lymphocytic leukemia. Cancer
98:1912, 2003.

17. Elliott MA, Letendre L, Li CY, et al.: Chronic lympho-
cytic leukaemia with symptomatic diffuse central ner-
vous system infiltration responding to therapy with sys-
temic fludarabine. Br JHaematol 104:689, 1999.

18. Pangalis GA, Boussiotis VA, Kittas C: B-chronic lympho-
cytic leukemia. Disease progression in 150 untreated
stage A and B patients as predicted by bone marrow pat-
tern. Nouv Rev Fr Hematol 30:373, 1988.

19. Haraldsdottir V, Haanen C, Jordans JG: Chronic lympho-
cytic leukaemia presenting as renal failure with lympho-
cytic infiltration of the kidneys. Neth J Med 41:64, 1992.

20. Phillips JK, Bass PS, Majumdar G, et al.: Renal failure
caused by leukaemic infiltration in chronic lymphocytic
leukaemia. J Clin Pathol 46:1131, 1993.

21. Comerma-Coma MI, Sans-Boix A, Tuset-Andujar E, et al.:
Reversible renal failure due to specific infiltration of the

kidney in chronic lymphocytic leukaemia. Nephrol Dial
Transplant 13:1550, 1998.

22. Bennett JM, Catovsky D, Daniel MT, et al.: Proposals for
the classification of chronic (mature) B and T lymphoid
leukaemias. French–American–British (FAB) Cooperative
Group. J Clin Pathol 42:567, 1989.

23. Matutes E, Oscier D, Garcia-Marco J, et al.: Trisomy 12
defines a group of CLL with atypical morphology: corre-
lation between cytogenetic, clinical and laboratory fea-
tures in 544 patients. Br J Haematol 92:382, 1996.

24. Macdonald D, Richardson H, Raby A: Practice guidelines
on the reporting of smudge cells in the white blood cell
differential count. Arch Pathol Lab Med 127:105, 2003.

25. Rai KR, Sawitsky A, Cronkite EP, et al.: Clinical staging of
chronic lymphocytic leukemia. Blood 46:219, 1975.

26. Rai KR: A critical analysis of staging in CLL. In: Gale RP,
Rai KR (eds.) Chronic Lymphocytic Leukemia: Recent
Progress, Future Direction. New York: Liss; 1987:253.

27. Binet JL, Auquier A, Dighiero G, et al.: A new prognostic
classification of chronic lymphocytic leukemia derived
from a multivariate survival analysis. Cancer 48:198,
1981.

28. Hamblin TJ, Davis Z, Gardiner A, et al.: Unmutated Ig
V(H) genes are associated with a more aggressive form of
chronic lymphocytic leukemia. Blood 94:1848, 1999.

29. Damle RN, Wasil T, Fais F, et al.: Ig V gene mutation sta-
tus and CD38 expression as novel prognostic indicators
in chronic lymphocytic leukemia. Blood 94:1840, 1999.

30. Ibrahim S, Keating M, Do KA, et al.: CD38 expression as
an important prognostic factor in B-cell chronic lym-
phocytic leukemia. Blood 98:181, 2001.

31. Wiestner A, Rosenwald A, Barry TS, et al.: ZAP-70 expres-
sion identifies a chronic lymphocytic leukemia subtype
with unmutated immunoglobulin genes, inferior clinical
outcome, and distinct gene expression profile. Blood
101:4944, 2003.

32. Crespo M, Bosch F, Villamor N, et al.: ZAP-70 expression
as a surrogate for immunoglobulin-variable-region
mutations in chronic lymphocytic leukemia. N Engl J
Med 348:1764, 2003.

33. Orchard JA, Ibbotson RE, Davis Z, et al.: ZAP-70 expres-
sion and prognosis in chronic lymphocytic leukaemia.
Lancet 363:105, 2004.

34. Rassenti LZ, Huynh L, Toy TL, et al.: ZAP-70 compared
with immunoglobulin heavy-chain gene mutation sta-
tus as a predictor of disease progression in chronic lym-
phocytic leukemia. N Engl J Med 351:893, 2004.

35. Gunz FW: The epidemiology and genetics of the chronic
leukaemias. Clin Haematol 6:3, 1977.

36. Cartwright RA, Bernard SM, Bird CC, et al.: Chronic
lymphocytic leukaemia: case control epidemiological
study in Yorkshire. Br J Cancer 56:79, 1987.

37. Goldgar DE, Easton DF, Cannon-Albright LA, et al.:
Systematic population-based assessment of cancer risk in
first-degree relatives of cancer probands. J Natl Cancer
Inst 86:1600, 1994.

38. Hallek M, Wanders L, Ostwald M, et al.: Serum beta(2)-
microglobulin and serum thymidine kinase are indepen-
dent predictors of progression-free survival in chronic
lymphocytic leukemia and immunocytoma. Leuk
Lymphoma 22:439, 1996.

39. Molica S, Levato D, Cascavilla N, et al.: Clinico-prognostic
implications of simultaneous increased serum levels of

Part I ■ LEUKEMIA232



soluble CD23 and beta2-microglobulin in B-cell chronic
lymphocytic leukemia. Eur J Haematol 62:117, 1999.

40. Deegan MJ, Abraham JP, Sawdyk M, et al.: High incidence
of monoclonal proteins in the serum and urine of chronic
lymphocytic leukemia patients. Blood 64:1207, 1984.

41. Pangalis GA, Moutsopoulos HM, Papadopoulos NM, et
al.: Monoclonal and oligoclonal immunoglobulins in
the serum of patients with B-chronic lymphocytic
leukemia. Acta Haematol 80:23, 1988.

42. Hamblin TJ, Oscier DG, Young BJ: Autoimmunity in
chronic lymphocytic leukaemia. J Clin Pathol 39:713, 1986.

43. Morra E, Nosari A, Montillo M: Infectious complications
in chronic lymphocytic leukaemia. Hematol Cell Ther
41:145, 1999.

44. Tsiodras S, Samonis G, Keating MJ, et al.: Infection and
immunity in chronic lymphocytic leukemia. Mayo Clin
Proc 75:1039, 2000.

45. Wijermans PW, Gerrits WB, Haak HL: Severe immunode-
ficiency in patients treated with fludarabine monophos-
phate. Eur J Haematol 50:292, 1993.

46. Anaissie EJ, Kontoyiannis DP, O’Brien S, et al.: Infections
in patients with chronic lymphocytic leukemia treated
with fludarabine. Ann Intern Med 129:559, 1998.

47. Keating MJ, O’Brien S, Lerner S, et al.: Long-term follow-
up of patients with chronic lymphocytic leukemia (CLL)
receiving fludarabine regimens as initial therapy. Blood
92:1165, 1998.

48. Ultmann JE, Fish W, Osserman E, et al.: The clinical
implications of hypogammaglobulinemia in patients
with chronic lymphocytic leukemia and lymphocytic
lymphosarcoma. Ann Intern Med 51:501, 1959.

49. Shaw R, Szwed C, Boggs D, et al.: Infection and immu-
nity in chronic lymphocytic leukemia. Arch Intern Med
106:467, 1960.

50. Davey FR, Kurec AS, Tomar RH, et al.: Serum
immunoglobulins and lymphocyte subsets in chronic
lymphocytic leukemia. Am J Clin Pathol 87:60, 1987.

51. Orfao A, Gonzalez M, San Miguel JF, et al.: Surface phe-
notype and immunoglobulin levels in B-cell chronic
lymphocytic leukaemia. Haematologia 23:49, 1990.

52. Itala M, Helenius H, Nikoskelainen J, et al.: Infections
and serum IgG levels in patients with chronic lympho-
cytic leukemia. Eur J Haematol 48:266, 1992.

53. Griffiths H, Lea J, Bunch C, et al.: Predictors of infection
in chronic lymphocytic leukaemia (CLL). Clin Exp
Immunol 89:374, 1992.

54. Molica S, Levato D, Levato L: Infections in chronic lym-
phocytic leukemia. Analysis of incidence as a function
of length of follow-up. Haematologica 78:374, 1993.

55. Aittoniemi J, Miettinen A, Laine S, et al.: Opsonising
immunoglobulins and mannan-binding lectin in chronic
lymphocytic leukemia. Leuk Lymphoma 34:381, 1999.

56. Rozman C, Montserrat E, Vinolas N: Serum
immunoglobulins in B-chronic lymphocytic leukemia.
Natural history and prognostic significance. Cancer
61:279, 1988.

57. Copson ER, Ellis BA, Westwood NB, et al.: IgG subclass
levels in patients with B cell chronic lymphocytic
leukaemia. Leuk Lymphoma 14:471, 1994.

58. Ebbe S, Wittels B, Dameshek W: Autoimmune thrombo-
cytopenic purpura (ITP type) with chronic lymphocytic
leukemia. Blood 19:23, 1962.

59. Bergsagel DE: The chronic leukemias: a review of disease
manifestations and the aims of therapy. Can Med Assoc J
96:1615, 1967.

60. Lugassy G, Lishner M, Polliack A: Systemic lupus erythe-
matosus and chronic lymphocytic leukemia: rare coexis-
tence in three patients, with comments on pathogene-
sis. Leuk Lymphoma 8:243, 1992.

61. Ramos-Casals M, Garcia-Carrasco M, Brito MP, et al.:
Autoimmunity and geriatrics: clinical significance of
autoimmune manifestations in the elderly. Lupus
12:341, 2003.

62. Engelfriet CP, Overbeeke MA, von dem Borne AE:
Autoimmune hemolytic anemia. Semin Hematol 29:3, 1992.

63. Hamblin TJ, Oscier DG, Young BJ: Autoimmunity in
chronic lymphocytic leukaemia. J Clin Pathol 39:713, 1986.

64. Tertian G, Cartron J, Bayle C, et al.: Fatal intravascular
autoimmune hemolytic anemia after fludarabine treat-
ment for chronic lymphocytic leukemia. Hematol Cell
Ther 38:359, 1996.

65. Gonzalez H, Leblond V, Azar N, et al.: Severe autoim-
mune hemolytic anemia in eight patients treated with
fludarabine. Hematol Cell Ther 40:113, 1998.

66. Duhrsen U, Augener W, Zwingers T, et al.: Spectrum and
frequency of autoimmune derangements in lymphoprolif-
erative disorders: analysis of 637 cases and comparison with
myeloproliferative diseases. Br J Haematol 67:235, 1987.

67. Diehl LF, Ketchum LH: Autoimmune disease and
chronic lymphocytic leukemia: autoimmune hemolytic
anemia, pure red cell aplasia, and autoimmune throm-
bocytopenia. Semin Oncol 25:80, 1998.

Chapter 23 ■ Clinical Features and Making the Diagnosis 233



This page intentionally left blank 



235

The answer to the question of when to initiate cytotoxic
therapy in a patient with chronic lymphocytic leukemia
(CLL) has been modified and refined in the past 5 years,
and to some extent that process of “refinement” is, per-
haps, still an ongoing one.1

“WAIT & WATCH” POLICY INITIALLY
UPON DIAGNOSIS

CLL is one of the few hematologic malignancies in
which it is advisable not to start treatment merely
because a patient has just been diagnosed with this
disease. Except for circumstances when, at the time of
diagnosis, certain unusual clinical findings are pre-
sent (discussed below), patients with CLL are initially
followed on a “wait and watch” basis.2

A newly diagnosed patient without symptoms, and in
whom the disease was discovered because of a routine
(or yearly) medical checkup, or accidentally in the
process of investigations of unrelated problems, is kept
under observation, and is asked to return to the clinic at
3-month intervals for re-evaluation.2

WHEN TO INITIATE CYTOTOXIC THERAPY

The method we have used in our clinic for deciding to
institute therapy in a CLL patient who has been under
observation since the initial diagnosis is based on any
of the following features:

1. Development of symptoms attributable to CLL.
2. Evidence of progressive increase in the extent of

disease.
3. Development of disease-related complications.

“USUAL” SYMPTOMS ATTRIBUTABLE TO CLL
In CLL, the usual disease-related symptoms are the same
as “B” symptoms found in lymphomas2: profound
night-sweats; weight loss (10% or more from usual
weight over 6–12 month period) without trying; fever
without overt infections and extreme fatigue. Emergence
of any of these symptoms in a previously asymptomatic
patient is an indication for therapy.

ASSESSMENT OF EXTENT OF DISEASE
Clinical staging continues to remain a readily available
method of assessing the extent of disease in a patient
with CLL. The five-part Rai system, or its three-part mod-
ification (Table 24.1), and the Binet system (Table 24.2)
are being used both in the clinic as well as in clinical
investigations.3

In the Binet system, there are five areas of lymphoid
enlargement identified in a focused physical examina-
tion: (1) cervical; (2) axillary; (3) inguino-femoral
(whether unilateral or bilateral on each site is counted
as one site); (4) spleen; and (5) liver. In both systems,
no additional weight is given to large, bulky tumor
sizes of the palpable organs. However, the disease is
considered to be active and progressive if the size of
any palpable mass rapidly increases, and that becomes
an appropriate reason to consider initiating cytotoxic
therapy. Worsening of clinical stage, from the low-risk
to the intermediate- or high-risk category is evidence,
also, of disease progression and initiation of therapy. 

Both the Binet and Rai staging systems were formu-
lated before computerized axial tomography (CAT)
scanning had become routine, and when enlargement
of lymph nodes, spleen, or liver were recognized, they
became clinically palpable.1 To this day, for assignment
of stage of a disease, only findings upon a physical
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examination are taken into account, for it is recognized
that if CAT scans are made the basis for staging, few
patients would fall into stage 0 (low-risk category),
because it is likely that CAT scan would reveal an
enlarged node in the chest, abdomen, or pelvis.
Similarly, many of Binet’s stage A patients might
become stage B, and their respective prognostic and
clinical implications would become unclear. In view of
both systems of staging having certain weaknesses, and
that their true value is to provide some direction for
decision making for therapeutic intervention and
assessment of success or failure of any therapy, clinical
staging in CLL should continue to be based only on
findings following physical examination. 

In addition to clinical staging, certain other features
also have been recognized as helpful in decision-making
of whether initiation of treatment is indicated.

Rate of increase in absolute lymphocyte count
In an untreated patient, if the absolute lymphocyte
count (ALC) is increasing at a rapid rate, doubling in
a short period, usually considered to be less than
6 months, (although some observers consider dou-
bling in less than 12 months as rapid rate), the dis-
ease is progressing rapidly, and therapy should be
started. It is our opinion that this feature of rapid
lymphocyte doubling time should not be enough if it
exists as a sole feature, i.e., in absence of “B” symp-
toms or worsening of clinical stage, etc. Also, the
height of the ALC should also be taken into account;
for example, ALC doubling from a relatively low
number, e.g., 6000 to 12,000/mm3 in 6–12 months in
an asymptomatic patient carries less weight than a
high baseline, e.g., 100,000/mm3 ALC projected to be
doubling in the same period of 6–12 months.
Similarly, hyperlymphocytosis, for example, an ALC
of 250,000/mm3 or higher, might cause hyperviscos-
ity of circulating blood, and thus pose an increased
risk of thromboembolic events in the microcircula-
tion in an organ, with potentially catastrophic
results. Thus, hyperlymphocytosis by itself in some
circumstances should become a trigger to initiate
therapy. 

Is histopathologic pattern of lymphoid infiltration
in the biopsy specimens of bone marrow by itself a
factor in decision making? In our opinion, although a
diffuse infiltration pattern is generally associated with
a worse prognosis than nodular or interstitial (nondif-
fuse) patterns, this feature is not powerful enough to
deserve to be factored in making this decision. 

Other clinical characteristics that have been
reported to be helpful in determining whether CLL is
active or progressing are elevated serum levels of �2-
microglobulin, thymidine kinase, and soluble CD23.1

Although each one of these tests has some validity as
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Table 24.1 Rai Staging System in CLL

Risk-Category Clinical Stage Criteria Median Survival 
(Modified Rai) (Months)

Low Risk 0 Lymphocytosis only 120�

1 Lymphocytosis � 95
Palpably enlarged
Lymph nodes

Intermediate Risk
II Lymphocytosis � 72

Palpably enlarged
Spleen and/or liver

III Lymphocytosis � 30
Anemia (hemoglobin 

High-Risk �11 gm%)

IV Lymphocytosis � 30
Thrombocytopenia
(platelets � 100,000/mm3)

Table 24.2 Binet Staging System in CLL

Clinical Stage Criteria Median Survival
(months)

A Two or fewer sites 120�

of palpably 
enlarged lymph 
nodes, spleen or 
liver

B Three or more sites 61
of palpable 
enlarged lymph 
nodes, spleen or 
liver

C Anemia (hemoglobin 32
� 10gm%) and/or 
thrombocytopenia
(platelet �100,000/mm3)



a prognostic marker in CLL, none of them has been
tested and proven to be powerful in prospectively con-
ducted studies; nor have they been consistently used by
all clinicians. Therefore, we have not integrated any of
these in our decision-making algorithm in this disease. 

ROLE OF OTHER DISEASE-RELATED COMPLICATIONS
CLL patients are known to be at an increased risk of
developing autoimmune hematologic complications.
The most frequent among these is Coombs positivity
with or without resulting autoimmune hemolytic ane-
mia (AIHA) and immune thrombocytopenia (ITP).
Pure red cell aplasia (PRCA) is a relatively rare compli-
cation, while immune neutropenia is extremely rare in
CLL. When AIHA, ITP, or PRCA occur even in a patient
who has not received any prior cytotoxic therapy, we
consider these complications indications for instituting
therapy. 

Finally, a small minority of CLL patients develop
Richter’s transformation in the form of diffuse large
cell lymphoma or prolymphocytic leukemia. Both of
these conditions might have developed from the orig-
inal CLL clone or from a new clone as a separate, new
malignancy. Both of these conditions have been
known to occur in patients who had received prior
chemotherapy regimens for CLL, and also in previ-
ously untreated patients. These complications have
been treated with a wide range of chemotherapy agents,
but unfortunately none has been found to be consis-
tently and reproducibly effective.

IMPACT OF RECENTLY IDENTIFIED 
BIOLOGIC AND CYTOGENETIC 
PROGNOSTIC MARKERS ON TREATMENT 
DECISIONS

Considerable degrees of excitement and hopes for
improving the treatment of CLL have recently been
generated following the discovery of four prognostic
features.

MUTATION STATUS OF IgVH GENES
Leukemic lymphocytes of nearly 50% of the CLL
patients have somatic mutations in IgVH genes, and
the remaining 50% have unmutated VH genes.4,5

There is a strong correlation between longer survival
and overall better clinical course among patients with
mutated VH genes compared to their unmutated coun-
terparts. Thus, it is reasonable to consider the unmu-
tated VH gene patients for early therapeutic interven-
tion. This, we believe, will happen in the foreseeable
future, but at this moment, the testing for the muta-
tion is neither generally available (it is labor intensive
and costly), nor has its methodology been standard-
ized. Also, there is a lack of consensus among experts
as to how to define “mutated.” Does it require 2%
mutations, or 2.5%, or 3%? This is not a trivial issue,

because the counterparts of each of these ratios will
thus be called unmutated, and whether those patients
labeled “unmutated” will have to have more than 98%
homology, more than 97.5%, or more than 97% homol-
ogy is a matter which is yet to be resolved. Once this is
resolved, it is possible that a symptom-free, early stage
CLL patient who might otherwise be followed on wait-
and-watch basis would become a candidate for immedi-
ate chemotherapeutic intervention if that patient has
unmutated VH genes. However, at this time we include
this parameter only in research-based investigational
therapeutic trials. 

COEXPRESSION OF CD38 ON 
LEUKEMIC B LYMPHOCYTES
It has been observed that CLL patients whose leukemic
lymphocytes do not coexpress CD38 have a better
prognosis than those who are CD38 positive.4 Thus, it
would seem logical to include CD38 positive patients
(similar to VH-unmutated patients) among those in
whom early intervention will be appropriate. This rec-
ommendation also appears reasonable, but there is a
lack of agreement as to whether 30% or greater posi-
tivity should be considered CD38 positive, or the
threshold should be set at 13%. As in the case of VH
mutations, we believe that defining when CD38 is
called positive will be resolved soon, but until that
happens, in our clinical practice, we do not make ther-
apeutic decisions on that basis alone. 

ZAP-70 EXPRESSION IN CLL B LYMPHOCYTES
CLL patients whose leukemic lymphocytes do not have
ZAP-70 positivity have been reported to have strong
correlation with mutated VH status.6,7 However, we
have not yet allowed introduction of ZAP-70 in clini-
cal practice, and in decision-making for initiation of
therapy, because other laboratories have found testing
for ZAP-70 difficult to reproduce from one time to the
next. Until the issues of correct methodology and pre-
dictable reproducibility of results have been resolved,
we consider it premature to incorporate this test for
making a decision if therapeutic intervention is appro-
priate.

FISH CYTOGENETICS IN CLL
It has previously been shown that conventional cyto-
genetics, using banding techniques, provide inconsis-
tently reliable results in CLL because leukemic
lymphocytes in this disease do not readily yield read-
able metaphases.8 The development of fluorescence in
situ hybridization (FISH) techniques and the availabil-
ity of DNA probes for all chromosomes of interest in
CLL have made it possible to study chromosomal
abnormalities in this disease. Using FISH, we now can
divide CLL patients into distinct prognostic categories
based on chromosomal abnormalities.8 Patients with
13q deletions as a single abnormality have the best
survival. High-risk abnormalities and the shortest
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survival were observed with 11q del and 17p del, while
trisomy 12 (12�) and no chromosomal abnormality
patients form the intermediate survival group.8 As FISH
methodology has become standardized, we believe that
low-risk or intermediate-risk (by clinical staging) group
patients who are free of symptoms but have 17p del or
11q del could be considered for early intervention,
especially when they participate in a prospectively ran-
domized study with one arm consisting of wait and
watch (currently the standard of practice for patients in
these clinical stages), and the other arm consisting of
some regimen of effective chemotherapy. 

TREATMENT APPROACH FOR PATIENTS 
WITH CLL

Once we have made an assessment that a patient with
CLL, who has been on a “wait and watch” method of
follow-up, should start cytotoxic therapy, we first try
to determine what our therapeutic endpoint should
be. This assessment is made on a case-by-case basis
and, therefore, is highly individualized. For example,
for a relatively young patient with no other major
comorbid conditions, we would take an aggressive
approach with an intent to achieve a complete remis-
sion or a good quality partial remission, and then, as
the next step, depending upon the ability of the

patient to actively participate in the decision-making
process, we would engage the patient in a discussion
of whether he/she would be willing to enter any
prospectively conducted clinical trials aimed at elimi-
nation of minimal residual disease with targeted mon-
oclonal antibody therapy in an adjuvant setting, or
with hematopoietic stem cell transplantation follow-
ing a nonmyeloablative conditioning regimen. The
latter courses are still unproven for their ability to
achieve a cure or even to improve the duration of
remission and survival time, but are accompanied by
a higher likelihood of treatment-related morbidity
and mortality. 

If, on the other hand, we are dealing with an older
patient whose actuarial life expectancy is considered
to be about 10 years, aggressive and curative thera-
peutic approaches would be inappropriate, because
of a treatment-associated significant incidence of
morbidity and mortality. In those cases, a palliative
approach is indicated, with the objective of relief of
symptoms and reduction of body burden of overall
tumor mass, while, to a certain extent, preserving the
quality of life. Additionally, if these patients have
other major comorbid conditions, our treatment
objective would be rather conservative, and pallia-
tive therapy aimed at relief of symptoms but with
less potential toxicity would be the recommended
method of management.
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RESPONSE CRITERIA, PROGNOSIS,
AND FOLLOW-UP IN CHRONIC
LYMPHOCYTIC LEUKEMIA
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RESPONSE CRITERIA

The National Cancer Institute–Working Group (NCI-WG)
and the International Workshop on Chronic Lymphocytic
Leukemia (IWCLL) independently proposed criteria for
assessing response in patients with chronic lympho-
cytic leukemia (CLL) (Table 25.1), the NCI proposal
having gained wider acceptance and being the one
usually employed.1,2

These criteria have proved to be extremely useful to
conduct and compare trials, thereby contributing to
progress in CLL therapy. Nevertheless, these proposals
were elaborated in an era in which no effective therapy
for CLL existed. Today, treatment of CLL is based on

purine analogs, particularly fludarabine, along with
other agents. This results not only in a high complete
remission (CR) rate but also in the disappearance, in
many instances, of minimal residual disease (MRD)—a
situation difficult to envisage when NCI-WG and
IWCLL criteria were proposed. 

Because of this, classical response criteria are now
somewhat obsolete. For example, according to such
criteria, patients with less than 30% lymphocytes in a
bone marrow aspirate may be classified as complete
responders, provided clinical and laboratory findings
return to normal. In addition, patients with lymphoid
aggregates in bone marrow biopsy are considered to
be in nodular partial response, yet these nodules may

Table 25.1 Chronic lymphocytic leukemia: Response criteria

Response IWCLL criteria NCI-WG criteria

CR No evidence of disease Absence of lymphadenopathy, hepatomegaly, splenomegaly or con-
stitutional symptoms. Normal blood count: neutrophils � 1.5 � 109/L,
platelets � 100 � 109/L, Hb � 11 g/dL, lymphocytes � 4.0 � 109/L,
BM biopsy with normal cellularity and lymphocytes � 30%.

nPR CR criteria with presence of lymphoid aggregates in bone marrow
biopsy

PR Change from stage C to stage A or B; 50% reduction in blood lymphocytes and 50% reduction in 
from stage B to A lymphadenopathy and/or 50% reduction in splenomegaly and/or

hepatomegaly. Neutrophils � 1.5 � 109/L or 50% improvement
over baseline; platelets � 100 � 109/L or 50% improvement over
baseline; Hb � 11.0 g/dL (not supported by transfusion) or 50%
improvement over baseline.

SD No change in the stage of the disease No CR, PR, or PD.

PD Change from stage A disease to stage At least one of the following: � 50% increase in the size of at least
B or C, or from stage B to C two lymph nodes or new palpable lymph nodes; � 50% increase of

splenomegaly or hepatomegaly or appearance if there was no trans-
formation to a more aggressive histology, Richter or prolymphocytic
leukemia; � 50% increase in the absolute number or circulating
lymphocytes.

CR 
 complete response; nPR 
 same as CR with presence of lymphoid aggregates in bone marrow biopsy; PR 
 partial response; 
SD 
 stable disease; PD 
 progressive disease.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



represent either leukemic or nonneoplastic T cells. In
other words, some patients considered to be in CR by
current criteria can still harbor leukemic cells, whereas
others who are deemed to be in partial remission (PR)
may have achieved CR.

A step forward in evaluating the response in CLL
has been the assessment of MRD by either allele-
specific polymerase chain reaction (PCR) or four-
color cytofluorometry, classical combinations being
CD19/CD5/CD79b/CD20 or CD19/CD5/CD43/C20.3–5

However, these combinations are less effective in situ-
ations where leukemia cells lack CD20, e.g., in patients
treated with combinations including rituximab.
Antigenic combinations that circumvent that problem
include CD79b/CD43/CD19/CD5; CD81/CD22/CD19/
CD5; and CD20/CD38/CD19/CD5.6 Although PCR has
a slightly higher sensitivity than four-color cytofluo-
rometry, both methods are similarly useful from the
clinical point of view, and four-color cytofluorometry is
cheaper and more widely applicable.

Analyzing MRD may be useful for assessing and mon-
itoring the response to therapy. There is already proof
that eradicating MRD results not only in longer freedom-
from-progression but also longer survival,3,7–9 making the
MRD eradication a desirable goal in CLL therapy. 

Note that some patients considered in NCI-WG PR
because of treatment-related cytopenias (normaliza-
tion of peripheral blood cell counts is a requisite for CR
in classical response criteria) may have achieved an
MRD-negative status, and these patients have a better
prognosis than those in CR by NCI-WG criteria but
with persistent MRD.9 This indicates that MRD status
may be more important than NCI-WG criteria to pre-
dict outcome after therapy. 

A practical point is, therefore, that with the newer,
more effective, but also more myelotoxic treatments, a
time window of 2–3 months that would allow patients
to recover from treatment-related cytopenias should
be required before evaluating response and that treat-
ment-related cytopenias should not necessarily dis-
qualify for CR. Also, and more importantly, MRD-neg-
ative CR should be incorporated as a new response
category in the assessment of CLL therapy.

Another criticism to current response criteria is that
the disappearance of immunologic abnormalities that
may be present before treatment (e.g., hypogammaglob-
ulinemia, autoimmune hemolytic anemia (AIHA), posi-
tive Coombs test) is not considered as a criterion for CR.
This is not an easy issue since current therapies cause a
profound immunosuppression and may trigger autoim-
mune phenomena.10 However, whether the outcome of
patients in whom the immunologic abnormalities are
corrected upon treatment is better than those in whom
such abnormalities persist should be investigated. 

Finally, the assessment of lymphadenopathy, spleno-
megaly, and hepatomegaly is made clinically both
when assessing clinical stage and when evaluating
response to therapy. The role of imaging studies (e.g.,

CT scans) in staging and response to therapy evalua-
tion should be evaluated.

PROGNOSIS

The median survival of patients with CLL is about 10
years. Some patients have a survival not different from
that of the general population, but there are others
who have a rapidly fatal course. Clinical stages have
been the most useful prognostic parameters in CLL11,12

(Table 25.2; Figure 25.1). They, however, have some
limitations. For example, an important condition of all
prognostic parameters is that they identify a substan-
tial proportion of patients with different outcome.
Since the majority of patients with CLL are diagnosed
on the occasion of routine medical examinations,
when still asymptomatic, most patients (70–80%) are
in early clinical stage at diagnosis, thus limiting the
prognostic value of clinical stages.13,14 Moreover, pro-
gressive and indolent forms of the disease are not iden-
tified. In addition, the mechanisms accounting for
cytopenias are not taken into consideration, yet there
is some indication that patients with cytopenias of
immune origin may have a better outcome than those
in whom the cytopenia is caused by a massive infiltra-
tion of the bone marrow by neoplastic cells.15,16

Because of the limitations discussed above, other
prognostic factors able to increase the prognostic
power of clinical stages have been proposed. In addi-
tion to clinical stages, other widely used prognostic
factors include the degree of bone marrow infiltration,
blood lymphocyte levels, lymphocyte doubling time,
and lymphocyte morphology. A number of serum
markers, including lactate dehydrogenase (LDH),
thymidine kinase, B2-microglobulin, CD23, CD25,
and CD20 serum levels have also been found to be
good indicators of survival(reviewed in Refs. 17,18). 

Differences in the natural history of CLL and its prog-
nosis reflect the biological heterogeneity of the disease,
which is rapidly unfolding. Thus, in up to 90% of the
patients it is possible to detect cytogenetic abnormalities
by fluorescent in situ hybridization studies. Although
nonspecific, there are interesting correlates between
some cytogenetic aberrations and clinical features and
prognosis. For example, patients with del(13q) as a sin-
gle anomaly have an excellent prognosis whereas those
with del(11q) or del(17p) do not respond to chemother-
apy and tend to have a rapidly evolving disease.
Moreover, trisomy 12 is associated with atypical mor-
phology and immunophenotype of the leukemic cells,
and del(6q) is more frequently observed in patients
whose lymphocytes display plasmacytoid features and
intermediate prognosis.19–21 Also, overexpression of
MDR-1 and MDR-3 genes and P-glycoprotein detection
on neoplastic cells has been correlated in some studies
with resistance to therapy and poor prognosis.22,23
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The mutational status of IgVH genes separates CLL
into two forms with distinct presenting features and out-
come. Thus, as compared to those with IgVH mutations,
patients with unmutated IgVH genes have a more
malignant disease, including evidence of advanced,
progressive disease, atypical cell morphology, adverse
cytogenetic features, and resistance to therapy.24–26 The
prognostic significance of IgVH mutations is indepen-
dent from that of clinical stages and cytogenetic abnor-
malities. Unfortunately, studying IgVH mutations is
not yet possible on a routine basis, hence the interest

in finding a surrogate for IgVH mutations easily applic-
able in clinical practice. CD38 expression on leukemic
lymphocytes correlates, although not absolutely, with
IgVH mutations; moreover, CD38 expression may vary
over time.27 Recently, it has been demonstrated that
ZAP-70 expression on leukemic cells, as evaluated by
cytofluorometry or PCR, strongly correlates with IgVH
mutations and has important prognostic significance
by itself. The expression of ZAP-70 in more than 20% of
neoplastic lymphocytes correlates with unmutated
IgVH genes and conveys a poor prognosis.28–31 It has
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Table 25.2 Staging systems for chronic lymphocytic leukemia

Staging system Stage Clinical features Median survival (yrs)

Rai

Low-risk 0 Lymphocytosis alone 14.5

Intermediate-risk I Lymphocytosis 7.5
Lymphadenopathy

II Lymphocytosis
Spleen or liver enlargement

High-risk III Lymphocytosis 2.5
Hemoglobin � 11 g/dL

IV Lymphocytosis
Platelets � 100,000/microliter

Binet

Low-risk A No anemia, no thrombocytopenia
� 3 lymphoid areas* enlarged 15.5

Intermediate-risk B No anemia, no thrombocytopenia
� 3 lymphoid areas enlarged 5.5

High-risk C Hemoglobin � 10 g/dL or
Platelets � 100,000/microliter 3

*The Binet staging system takes into consideration the following lymphoid areas: lymph nodes (whether unilateral or bilateral) in the head
and neck, axillae, and groin; spleen, and liver. 

Figure 25.1 Chronic lymphocytic
leukemia. Survival of a large series of
patients from the Hospital Clínic, Barcelona,
according to Binet’s clinical stages



also been shown that high expression of activation-
induced cytidine deaminase mRNA is associated with
unmutated IgVH gene status and unfavorable cytoge-
netic aberrations in CLL32; however, the clinical applic-
ability of this test has not yet been established.

Besides findings at diagnosis, evolutive features are
also important in prognosis. In about 3–10% of
patients, the disease undergoes transformation into a
more aggressive type, most commonly large-cell lym-
phoma (Richter syndrome), which is usually revealed
by fever, weight loss, night sweats, enlarged lym-
phadenopathy, and increased LDH serum levels.33–35

The prognosis of such an event is poor, with a median
survival of less than 6 months. 

Patients with CLL may also experience transforma-
tion into prolymphocytoid leukemia (PL), in which
larger lymphocytes (prolymphocytes) coexist with
small, typical CLL cells; the prognosis of the so-called
CLL/PL is poorer than that of the typical CLL.36

In addition, the outcome of patients with CLL can
be blurred by the appearance of second malignancies
to which patients with CLL are prone.37,38 Risk assess-
ment, however, is not easy because of the variability in
the criteria used to evaluate it. In a study based on data
from population-based cancer registries, the observed/
expected ratio was 1.20, with an increased risk for
Kaposi sarcoma, malignant melanoma, larynx cancers,
lung cancer, and also bladder and gastric cancer in
men. No relationship was found between the charac-
teristics of the disease and its treatment with the inci-
dence of second cancers.37 Recently, cases of myelodys-
plasia/acute leukemia have been reported in patients
treated with chlorambucil and fludarabine39; because
of the increasing use of purine analogs in combination
with other agents in CLL therapy, physicians should be
alert to this possible complication.

Hypogammaglobulinemia may be observed in up
to 60% of the patients with advanced disease, and

contributes to the increased risk for infections, occa-
sionally opportunistic, that patients with CLL may
present and that are the most important cause of
death.40,41

Patients with CLL may also develop AIHA, which
can be triggered by treatment; although it usually
responds to corticosteroids, some fatal cases of AIHA
have been reported.42

As previously discussed, response to therapy is an
important prognostic parameter in itself,7–9,43–45 the
higher the degree of response the better the outcome.
Thus, the patients who achieve MRD-negative status
have a better prognosis than those with inferior
response to therapy, including those in CR by classical
criteria but with persistence of MRD.9 In addition, the
detection of MRD predicts clinical relapse with the
exception of patients submitted to allogeneic trans-
plantation, thus reflecting the importance of a graft-
versus-leukemia effect in such a context.46,47

FOLLOW-UP

There is no consensus on how to follow patients with
CLL and, in fact, no specific recommendations have
been made by the NCI-WG,1 the IWCLL,2 or in some
more recent guidelines.41,42 Follow-up must be individu-
alized on the basis of the characteristics of the patient
and the disease. Patients with low-risk disease do not
need to be monitored as frequently as those with poor
prognostic features. Thus, patients with low-risk, stable
disease may be evaluated every 6–12 months, whereas
those with high-risk disease need to be seen at shorter
intervals, e.g., every 3 months. Attention must be paid
to the appearance of signs of disease progression or com-
plications such as those discussed above, including dis-
ease transformation, second neoplasias, autoimmune
phenomena, hypogammaglobulinemia, or infections.
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INTRODUCTION

Once the diagnosis of chronic lymphocytic leukemia
(CLL) is made (Chapter 23) and there is an indication to
begin therapy (Chapter 24), treatment should then begin
without delay. The initial treatment has traditionally
been palliative, as no treatment to date has demonstra-
bly prolonged overall survival. However, new paradigms
are emerging that promise to increase complete remis-
sion (CR) rates and eliminate minimal residual disease
(MRD). These innovative strategies (Table 26.1) may yet
prove to prolong survival and are the subject of intense
investigation.

INITIAL TREATMENT WITH
CHEMOTHERAPY

CHLORAMBUCIL VERSUS FLUDARABINE
Introduced into clinical practice in the early 1960s,
chlorambucil (CLB) is an orally administered alkylat-
ing agent with significant activity against CLL. In two
prospectives, randomized trials of CLB versus observa-
tion in patients with asymptomatic, low-risk disease,
the overall response (OR) rates to CLB 0.1 mg/kg daily
or 0.3 mg/kg for 5 days monthly were 76% and 69%,
respectively.1 More recently, a randomized trial of CLB
20 mg/m2 every 28 days versus fludarabine (FLU) 25
mg/m2 daily for 5 days monthly for 6 months in
patients with symptomatic CLL showed an advantage
for FLU versus CLB in response rate and progression-
free survival (PFS).2 The results of this study largely rel-
egated CLB to the treatment of older and more infirm
patients who were felt to be unable to tolerate FLU.

FLUDARABINE VERSUS FLUDARABINE PLUS
CYCLOPHOSPHAMIDE
The observation of higher than expected response rates
with the combination of FLU with cyclophosphamide
(CTX)3 prompted prospective, randomized trials of the
combination compared to FLU alone. These studies

consistently demonstrated improved response rates and
longer PFS for the combination treatment.4 Although
toxicities were increased and there was no improvement
in overall survival with the combination, the improved
response rates and prolonged PFS strongly suggest that
in patients able to tolerate intensive therapy, the combi-
nation of FLU plus CTX is preferred to FLU alone.

INITIAL TREATMENT WITH 
MONOCLONAL ANTIBODIES

RITUXIMAB
As CLL cells express CD20, there is a rationale to treat
the disease with the anti-CD20 monoclonal antibody
rituximab. In one study, 44 untreated but symptomatic
patients were treated with rituximab 375 mg/m2 weekly
for 4 weeks. The response rate was 51%, but only 4% of
patients achieved a CR after the first course.5 With addi-
tional courses administered every 6 months, the remis-
sion rate improved to 59%, but with only a 9% CR rate.
The median PFS was 18.6 months.

ALEMTUZUMAB
CD52 is expressed on all hematopoietic cells, includ-
ing CLL. Alemtuzumab is an anti-CD52 monoclonal
antibody that is effective against advanced lymphoid
malignancies. In a study of 41 patients treated with
alemtuzumab, given at a dose of 30 mg subcuta-
neously three times per week for 18 weeks, the OR rate
was 87%, with a CR rate of 19%.6 A randomized com-
parison of alemtuzumab versus CLB untreated but
symptomatic patients with CLL is being completed.

INITIAL TREATMENT WITH 
CHEMOTHERAPY PLUS MONOCLONAL 
ANTIBODIES

FLUDARABINE PLUS RITUXIMAB
The combination of FLU and rituximab was studied
in a randomized, Phase II trial of concurrent therapy
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versus sequential therapy in untreated, but sympto-
matic, patients with CLL. One hundred and four
patients were randomized to either FLU 25 mg/m2

daily for 5 days monthly for 6 months, or FLU at the
same dose and schedule plus rituximab 375 mg/m2 on
day 1 and 4 of the first cycle, then on day 1 of the sub-
sequent 5 cycles. All patients were then treated with
rituximab 375 mg/m2 weekly for 4 weeks as consolida-
tion therapy. The remission rate for patients enrolled
on the concurrent arm was 90%, while the remission
rate was 77% for patients on the sequential arm; there
was no difference in either PFS or overall survival.7

Furthermore, patients receiving the concurrent regi-
men experienced more grade 3 or 4 neutropenia com-
pared to those on the sequential arm (74% vs 41%,
respectively) and grade 3 or 4 infusion-related toxicity
(20% vs 0%, respectively). 

FLUDARABINE PLUS RITUXIMAB PLUS
CYCLOPHOSPHAMIDE
After finding the combination of FLU, CTX, and ritux-
imab (FCR) to be active in relapsed and refractory CLL,
investigators at the MD Anderson Cancer Center
tested FCR in untreated, but symptomatic patients.
They treated 224 patients with FLU 25 mg/m2 and
CTX 250 mg/m2 for 3 days every 28 days, for six
courses. In addition, rituximab 375 mg/m2 was given
the day prior to the first dose of FLU, and then 500
mg/m2 was given on the first day of the subsequent
five courses. The OR rate was 95%, and an impressive
70% achieved a CR.8 The median PFS at the time the
study was published had not been reached, with a
median of 48 months of follow-up. Toxicity was sig-
nificant, but manageable, with myelosuppression and
infections relatively frequent. This combination is

being compared to other regimens in randomized clin-
ical trials, but given the extraordinary results FCR is a
standard first-line therapeutic option.

CONSOLIDATION THERAPY TO ELIMINATE 
MINIMAL RESIDUAL DISEASE

A CR by current criteria (see Chapter 25) goes beyond
the former definition of the absence of detectable dis-
ease by histologic review of a bone marrow sample.
Modern flow cytometric techniques are capable of
detecting CLL clones well below our ability to see
them histologically. The presence of residual disease
that eludes our ability to detect it histologically is
known as mininal residual disease (MRD). Nearly every
study that has explored the clinical importance of
MRD has concluded that patients with MRD following
a course of cytotoxic treatment have a worse prognosis
than do those who have no detectable MRD.8,9 Other
studies suggest that treatment of MRD improves sur-
vival in those who have it successfully eradicated.10–12

However, it is not proven that the elimination of MRD
in those patients who have it will improve their oth-
erwise poor survival. The treatment of MRD remains
an area of active investigation, but cannot yet be con-
sidered standard therapy.

RELAPSED OR REFRACTORY CLL

MONOCLONAL ANTIBODIES
CD20 is only dimly expressed on CLL cells. In advanced
CLL, treatment with rituximab at standard doses results
in only a 15% response rate.13 Higher doses can achieve

Table 26.1 Common treatment regimens for chronic lymphocytic leukemia

Agent Dose Method Frequency Duration

Chlorambucil 20–40 mg/m2 Oral Once monthly 6 months
Fludarabine 25 mg/m2 IV Daily for 5 days every 28 days 6 months

Fludarabine 25 mg/m2 IV Daily for 5 days 
Cyclophosphamide 250 mg/m2 IV Daily for 3 days every 28 days 6 months

Fludarabine 25 mg/m2 IV Daily for 5 days 
Cyclophosphamide 250 mg/m2 IV Daily for 3 days
Rituximab 375 mg/m2 IV First cycle

500 mg/m2 IV Monthly every 28 days 6 months

Pentostatin 4 mg/m2 IV Every 28 days 6 months
Cyclophosphamide 600 mg/m2 IV
Rituximab 375 mg/m2 IV (with second cycle)

Alemtuzumab 1 mg IV Day 1 12 weeks
10 mg IV Day 2
30 mg IV Day 3, then thrice weekly

Or
Alemtuzumab 30 mg SQ Thrice weekly 12 weeks
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higher response rates, but PFS is generally short.14,15

Furthermore, the use of rituximab earlier in treatment is
likely to result in rituximab resistance. Thus, as a single
agent, rituximab has a limited role in the treatment of
advanced CLL.

Alemtuzumab has been explored as a treatment for
relapsed or refractory CLL in several clinical trials. A con-
sistent response rate of 30–40%, and PFS of approxi-
mately 1 year in responders, is reported by these stud-
ies when the drug is administered at 30 mg as an IV
infusion three times a week for 3–4 months.16–20

Alemtuzumab is particularly useful in the treatment of
CLL characterized by 17p deletions that are known to be
chemotherapy resistant.21 The drug is associated with
significant and sometimes severe infusion reactions,
however. These reactions are muted, with no apparent
loss of efficacy, when alemtuzumab is administered sub-
cutaneously, though this administration route in no
way abrogates its immunosuppressive side effects.22,23

Patients treated with alemtuzumab require antimicro-
bial prophylaxis against bacteria, Pneumocystis jeroveci,
and Herpes viruses.24 In addition, there is a substantial
risk of cytomegalovirus reactivation and infection that
requires a high level of suspicion for fevers of undeter-
mined origin at a minimum, and possibly oral prophy-
laxis.25–27

CHEMOTHERAPY PLUS MONOCLONAL ANTIBODIES
The limited single-agent activity of the monoclonal
antibodies has led to combination treatment strate-
gies. The FCR regimen has been shown to have supe-
rior activity to other FLU-based regimens.28 In a study
of 177 relapsed or refractory patients treated with FCR,
the overall remission rate was 73%.29 The median time
to progression was 28 months, but 39 months for those
patients who achieved a CR. 

Another regimen combines the purine analog pen-
tostatin 4 mg/m2 with CTX 600 mg/m2 IV on 1 day
every month for 6 months. Rituximab 375 mg/m2 is
added with the second cycle. This regimen results in
an OR rate of 75%, but unlike the FCR regimen, was
given with prophylactic antibiotics and routine
hematopoietic growth factor support.30

Patients previously treated with purine analogs such
as FLU usually remain responsive to purine analogs as
long as their disease does not progress or relapse within
6 months of treatment. Those who do progress or
relapse with 6 months are considered “FLU refractory”
and respond poorly to purine analog-based treatment.
These patients are candidates for alemtuzumab or inves-
tigational approaches.

FUTURE DIRECTIONS

As long as CLL remains incurable, multiple new
avenues of research will be explored for patients with
CLL. Newer approaches target antigenic determinants,

enhance apoptotic pathways, improve allogeneic stem
cell transplantation, and explore vaccination strate-
gies. Some of these exciting approaches are nearing use
in the clinic.

FLAVOPIRIDOL
Flavopiridol inhibits cyclin-dependent kinases that
may induce apoptosis. With a pharmacokinetically
guided dose schedule of a 30-mg IV bolus, followed by
a 30–50-mg 4 -hour infusion, 45% of patients with
advanced CLL achieved a remission that lasted approx-
imately 1 year.31 This regimen, however, is associated
with significant toxicity, including a severe tumor lysis
syndrome that excludes patients with a white blood
cell count greater than 200/	L and mandates hospital-
ization for aggressive hydration and prophylactic ras-
buricase. The drug is also myelosuppressive, with
100% grade 3–4 neutropenia. 

LENALIDOMIDE
Lenalidomide is an immunomodulatory agent with an
uncertain mechanism of action in CLL. In one trial of
45 patients treated orally with 25 mg daily for 21 days
of a 28-day cycle, 47% of patients achieved a remis-
sion.32 Treatment was complicated by a “flare reac-
tion” characterized by a transient worsening of disease
in the setting of fevers and sweats. This reaction could
be prevented or treated by corticosteroids and dose-

Figure 26.1 Treatment approach to chronic lymphocytic
leukemia

CLL

Indication for treatment

Good performance status 
No comorbidities

Poor performance status 
Comorbidities

FCR Chlorambucil
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Palliative care if poor 
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AGGRESSIVE TRANSFORMATION

There is much confusion about aggressive transforma-
tion in chronic lymphocytic leukemia (CLL). Unlike
chronic myeloid leukemia where such a transformation
is the rule, in CLL it is rare. Moreover, transformation to
acute lymphoblastic leukemia (ALL), although reported
in the literature,1 is a myth based on a misunderstand-
ing of the nature of CLL. We can, however, recognize
different ways in which CLL can transform (Table 27.1).

RICHTER’S SYNDROME
Incidence
In 1928, Maurice Richter described an aggressive lym-
phoma occurring in a patient with CLL.2 Richter’s syn-
drome is now recognized as a rare but regular culmina-
tion of CLL. In the largest series of cases, Robertson
et al.3 reported 39 patients with Richter’s syndrome
among 1374 with CLL (2.8%). The accuracy of this esti-
mate of prevalence is not clear. Patients with CLL are
often elderly when diagnosed, and elderly patients
dying of disseminated cancer may never have the type
of cancer elucidated. This point was emphasized by a
series of 1011 patients from Rome.4 There were 12 cases
of Richter’s syndrome among the 207 aged under 55
years (5.9%), but only 10 among the 807 cases over 55
(1.2%). As the authors stated, “the rate of lymphomas in
the old age group is possibly underestimated, because
very old patients with advanced and unresponsive dis-
ease are not always submitted, for ethical reasons, to
surgical biopsies.” On the other hand, both the MD
Anderson Cancer Center and the University “La
Sapienza” in Rome are special places that attract the
most difficult cases. It is probable that nonprogressive,
uncomplicated cases of CLL not requiring treatment are
underrepresented in both series and that Richter’s syn-
drome is even rarer than has been reported.

Definition
It has been accepted that any type of aggressive lym-
phoma occurring in a patient with CLL may be called
Richter’s syndrome. Thus, cases of diffuse large B-cell
lymphoma, Hodgkin’s disease,5 and even high-grade
T-cell lymphoma6 have received that appellation. 

Clinical features
Richter’s transformation is often characterized by sud-
den clinical deterioration and development of systemic
symptoms of fever and weight loss.3 There is usually a
rapid enlargement of lymph node masses, especially
of retroperitoneal lymph nodes. Hepatomegaly and
splenomegaly are common, and extranodal disease is
often seen. A rise in serum lactate dehydrogenase is
usual, and in nearly half the patients, a monoclonal
immunoglobulin can be detected. Hypercalcemia may
be seen and this may or may not be accompanied by
lytic bone lesions.

Pathogenesis
It is clear that there are at least two separate phenom-
ena involved: the first is a true transformation to a
clonally related, aggressive lymphoma, and the second
is the occurrence of a clonally unrelated, new tumor,
perhaps because of diminished immune surveillance.

Clonally related tumors The relationship between CLL
and aggressive lymphoma was originally tested by
examining the light-chain type of the surface
immunoglobulin,7 but this is not sufficient to either
confirm or refute an origin from a single clone, and
subsequent studies have used a combination of
immunophenotyping,8 karyotyping,9 fluorescent in
situ hybridization,10 restriction fragment length
polymorphism analysis,11 reaction with anti-idio-
typic antibody,12 and immunoglobulin variable
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region heavy-chain (IgVH) gene sequencing.13 The
conclusion of these studies is that sometimes the two
tumors are clonally related and sometimes they are
not. An interesting study using IgVH gene sequencing
showed that in five out of six patients whose CLL used
unmutated IgVH genes, the diffuse large-cell lym-
phoma (DLCL) clone evolved from the CLL clone,
whereas in the two CLL patients whose disease used
mutated IgVH genes, the DLCL clone was unrelated to
the CLL clone.13

With the recognition that Hodgkin’s disease is a
tumor of B cells, it is perhaps less surprising than would
have been thought a decade ago that Reed–Sternberg
cells should have an identical IgH CDRIII sequence to
that of the CLL cells in two out of three cases of
Hodgkin’s disease supervening in CLL.14 A remarkable
case was investigated by van den Berg et al.15 in which
histology demonstrated a composite lymphoma consist-
ing in part of small-cell lymphoma, in part Hodgkin’s
disease, and in part anaplastic large-cell lymphoma. All
three tumors were clonally related. The CLL component
was CD5 negative.

Clonally unrelated tumors If the second lymphoid
tumor is not clonally related, is it any more than part
of the spectrum of second cancers long been believed
to occur in patients with CLL?16 Among more recent
studies, Davis17 found a relative risk for second lym-
phoid tumors of 4.5 and for nonlymphoid tumors of 2.3
among 419 patients with CLL in Washington. Travis18

analyzed data for 9456 patients with CLL from the
National Cancer Institute’s Surveillance, Epidemiology,
and End results (SEER) program. The observed over
expected (O/E) ratio for second malignancies was 1.28
(confidence intervals [CI] 1.19–1.37). Significant
excesses were found for cancers of the lung and brain,
melanoma (including intraocular melanoma), and

Hodgkin’s disease. A Danish study of 7391 patients
again found standardized incidence ratios of 2.0 for
men and 1.2 for women for second malignancies.19

Increased risks were found for carcinoma of the kidney,
nonmelanomatous skin cancer and sarcoma for both
sexes, and lung and prostate cancer for men. A more
recent evaluation of the SEER program,20 now totaling
16,367 patients, found a standardized incidence ratio
for second malignancies of 1.2 (CI 1.15–1.26), with sig-
nificant excesses for Kaposi’s sarcoma (O/E 5.09) and
melanoma (O/E 3.18) and cancers of the larynx (O/E
1.72) and lung (O/E 1.66). In men, brain cancers were
more common (O/E 1.91), and in women cancers of
the stomach (O/E 1.76) and bladder (O/E 1.52) were
commoner.

These figures need to be interpreted with caution. In
many series, cancers diagnosed concurrently with or
before the CLL are included. Since CLL is diagnosed as
an incidental finding in 75% of cases and is clinically
silent in a large proportion of patients, there is an
inbuilt bias in favor of diagnosing CLL in cancer
patients who have more blood tests than the general
population. Patients with cancer are often nonspecifi-
cally unwell before the diagnosis of cancer is made and
will have blood tests to investigate this, with the result
that the inconsequential CLL is diagnosed before the
cancer reveals itself. In addition, patients with CLL are
seen more frequently by doctors than members of the
general population, and other cancers are more readily
detected.

It is also possible that treatment of CLL, particularly
with alkylating agents, predisposes the patient to the
development of a second malignancy. This may account
for the higher incidence of bladder cancer among
women in the latest SEER analysis. Some excesses in spe-
cific tumors may be the consequence of data dredging,
especially if the tumor excess is confined to one sex.

One important question is whether the immunodefi-
ciency of CLL is what that leads to second malignancies.
Kaposi’s sarcoma is a disease of impaired immunity, and
both melanomas and renal cell cancers are tumors
known to be influenced by the immune system. It is
also likely that the excess of lymphomas is mediated by
the immune deficiency. However, apart from these, any
increase in second cancers may be more apparent than
real.

The suspicion that clonally unrelated lymphomas
occurring in CLL might be virally induced was raised by
Momose et al.21 Occasionally, apparent Reed–Sternberg
cells can be found scattered among the small lympho-
cytes in the lymph node histology of CLL. Among 13
cases where these were found, Momose et al. detected
Epstein–Barr virus (EBV) RNA in 12 by in situ hybridiza-
tion. Three of these cases later developed disseminated
Hodgkin’s disease. Rubin et al.22 studied two cases of
Richter’s syndrome with Hodgkin’s disease characteris-
tics in which they found EBV DNA in the lymph nodes
using the polymerase chain reaction (PCR) and EBV
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Table 27.1 Transformation of CLL

Richter’s syndrome
Clonally related

Diffuse large cell lymphoma—B cell
Hodgkin’s disease

Clonally unrelated
EBV related

Hodgkin’s disease
Diffuse large-cell lymphoma—B cell
Diffuse large-cell lymphoma—T cell

EBV status unknown

Prolymphocytoid transformation
Transient
Stable
Progressive

Acute lymphoblastic leukemia
Blastic mantle cell lymphoma
Mythologic



latent membrane protein (LMP) in the Reed–Sternberg
cells by immunohistochemistry. 

Matolcsy et al.23 found EBV genome integration in
the DLCL component but not the CLL component of a
case of Richter’s syndrome where the clones were
unrelated. Petrella et al.24 reported two further cases
where EBV could be detected in Reed–Sternberg cells
by in situ hybridization. A Japanese case was
reported by Otsuka et al.25 in which EBV nuclear
antigen and LMP could be detected in the DLCL cells
and in situ hybridization revealed the presence of EBV-
encoded small RNA. Ansell et al. studied 25 patients
with Richter’s syndrome presenting to the Mayo
Clinic.26 Four showed evidence of EBV in the DLCL
cells: three with a B-cell phenotype were positive for
LMP, and EBV DNA and RNA, and one with a T-cell
phenotype was positive for EBV RNA. Six further cases
(four from Italy and two from Belgium) of Hodgkin’s
disease supervening on CLL all support the hypothesis
that this is often an EBV-driven event.27,28 In a delicate
study using single-cell PCR, Kanzler et al.29 enunciated
the principle that Hodgkin’s disease may be clonally
unrelated to the CLL, in which case it is driven by EBV,
but in rare cases it is clonally related to the CLL and in
these cases EBV cannot be detected. The same may be
said for DLCL, though cases with a T-cell immunophe-
notype are presumably always clonally unrelated. The
evidence for EBV involvement in Richter’s syndrome is
very sparse except in the case of Hodgkin’s disease, and
for the vast majority of cases of DLCL occurring in
patients with CLL, there is no information as to patho-
genesis.

That lymphomas may arise from EBV-driven clones
in CLL questions the wisdom of treating CLL with
agents that reinforce the already-present immunodefi-
ciency, especially in patients without poor prognostic
factors. Agents such as fludarabine and alemtuzumab
are potent immunosuppressants and their use may
lead to EBV reactivation.30

Treatment
Richter’s syndrome has a poor prognosis. A study of 25
patients from France in 19815 reported a median sur-
vival of 4 months and a complete remission rate fol-
lowing intensive chemotherapy of 24%. Seventeen
years later a survey of the experience of the MD
Anderson Cancer Center in Houston31 found a median
survival of 6 months. There have been no large-scale
studies of treatment of Richter’s syndrome, but the MD
Anderson reported two phase II studies of combina-
tion chemotherapy regimens. The first32 described the
use of hyper-CVXD (fractionated cyclophosphamide,
vincristine, DaunoXome, and dexamethasone) in 29
patients. Although there were 11 complete responses,
they were mostly short lived. There was a treatment-
related mortality of 20% during the first course of
therapy, and the median survival was only 10 months.
The second trial33 was of the combination of fludara-

bine, cytarabine, cyclophosphamide, cisplatin, and
granulocyte-macrophage colony-stimulating factor in
15 patients with Richter’s syndrome together with a
small number of other patients with refractory low-
grade lymphomas. Only one patient achieved a com-
plete remission, and there was considerable toxicity. 

Despite these dismal results, there have been anecdotal
reports of good responses to conventional chemotherapy
for both the Hodgkin’s and non-Hodgkin’s varieties of
Richter’s syndrome.34–36 Allogeneic stem cell transplanta-
tion has been reported in eight patients, three of whom
were alive at 14, 47, and 67 months.37 An interesting
patient was reported by Espanol et al.38 Richter’s
syndrome developed in a patient 4 months after an
allogeneic stem cell transplant for CLL. Complete
remission and full donor chimerism was obtained by
withdrawal of immunosuppression and donor lym-
phocyte infusions.

PROLYMPHOCYTOID TRANSFORMATION
Definition
Prolymphocytes are large lymphocytes, some 10–15
	m in diameter compared to 7–10 	m for CLL cells.
They have round or indented nuclei with chromatin
that is less dense than that of CLL cells, but more
dense than that of lymphoblasts. They possess a single
prominent nucleolus. The cytoplasm is more abundant
than that of a typical CLL cell, and in Romanowsky-
stained specimens it is pale blue and agranular.
Although small numbers of prolymphocytes are usually
found in CLL, there is a distinct B-cell prolymphocytic
leukemia (PLL) that is completely unrelated to CLL.
Clinically, splenomegaly without lymphadenopathy is
the rule, but it is defined by the presence of �55% cir-
culating prolymphocytes.39 It is immunophenotypi-
cally distinct, with strong positivity for surface
immunoglobulin, CD20, CD22, CD79b, and FMC7,
while it is negative for CD23 and mouse rosettes. The
reaction with CD5 is controversial. Most cases are CD5
negative, but perhaps 20% are CD5 positive. This may
be explained by the discovery of a splenomegalic form
of mantle cell lymphoma with t(11;14) that morpho-
logically resembles PLL.40,41

Prolymphocytoid transformation of CLL was first
reported by David Galton’s group at the Royal
Postgraduate Medical School in London.42 It was specif-
ically noted that the cells retained the immunopheno-
type of CLL cells. In a series of papers,43–46 the Galton
Group defined typical CLL as having �10% prolym-
phocytes and CLL/PLL as those cases with between 10
and 55% prolymphocytes. Although as a group
patients with CLL/PLL had more surface immunoglob-
ulin than those with typical CLL, there was no sudden
transition from a lower density at an earlier stage of
the disease, and the immunophenotype of small and
large cells was indistinguishable.

Contrary to the common perception, in a study of
55 cases of CLL/PLL,44 half showed a stable picture
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without a progressive increase in prolymphocytes. The
prognosis of this group was similar to that of stable
CLL without prolymphocytes. In one-third of cases,
the increase in prolymphocytes was unsustained, and
in only 18% was there a definite progression toward a
more malignant phase of the disease. In a multivariate
analysis of prognostic factors in CLL/PLL, only an
absolute number of prolymphocytes and spleen size
were of independent prognostic significance. The
median survival for patients with prolymphocytes
�15 � 109/L was 3 years.39

Karyotype
Cellular morphology seems to be closely related to
karyotype. In a study of 544 patients, Matutes et al.47

found trisomy 12 in 18%. Thirty-one percent of these
had CLL/PLL compared to 10% of the whole series.
Subsequent studies have shown that such atypical
morphology is also associated with a deletion at 6q2148

and t(14;19) translocations,49 both of which are associ-
ated with an adverse prognosis. Even more signifi-
cantly, 80% of patients with p53 abnormalities have
CLL/PLL morphology.50

Oscier et al. found evidence of karyotypic evolution
in 16% of 112 patients with CLL studied by sequential
cytogenetic studies.51 Finn et al. found a higher inci-
dence of 43% in 51 patients.52 The most common extra
abnormality was a structural abnormality of 6q21. Bea
et al. found sequential increases in chromosomal abnor-
malities in six out of ten patients with Richter’s trans-
formation or other types of clinical progression.53

Treatment may induce evolution. It may be thought
of as a selective pressure-inducing change. Just as
antibiotics can select for drug-resistant bacteria, simi-
larly chemotherapy may kill only the susceptible cells,
allowing drug-resistant cells to regrow. These may be
morphologically more extreme, karyotypically differ-
ent, and may express greater amounts of CD38.54

Implications for management
Merely finding increased numbers of prolymphocytes
in the blood is not necessarily an indication of trans-
formation of CLL. The increase may be transient,
indicative of a recent infection or other unknown
event. Some karyotypic abnormalities (such as trisomy
12) are associated with �15% circulating prolympho-
cytes; yet these patients may remain stable for many
years. Increasing numbers of prolymphocytes and
karyotypic evolution usually have a poor prognosis.
Most authors have been unable to attach an indepen-
dent prognostic effect to deletions at 6q21, but acqui-
sition of p53 abnormalities at 17p13 carries the worse
possible prognosis.55–57 This is often associated with
morphologic change (prolymphocytoid transforma-
tion50 or Richter’s syndrome53) and drug resistance.58

The indications for treatment in CLL/PLL are the
same as those for CLL itself: systemic symptoms and
bone marrow failure. The presence of prolymphocytes

should raise the possibility of abnormalities of the p53
pathway, indicating potential drug resistance and a
call for nonstandard therapy, such as alemtuzumab or
high-dose methylprednisolone.

TRANSFORMATION TO ACUTE LEUKEMIA
Transformation of CLL to ALL used to be regularly
reported. The first report mentioned blast cells with
surface immunoglobulin, which would be uncharac-
teristic for classical ALL.59 One of the two cases in this
study had surface IgM�, with rheumatoid factor activ-
ity on both lymphocytes and lymphoblasts, and it
now seems more likely that this and subsequent cases
represent either a Richter-like transformation of CLL
with peripheral blood spillover of the high-grade lym-
phoma cells, or a similar high-grade transformation of
a different B-cell lymphoma with a superficial resem-
blance to CLL.

In at least one of the reported cases, the CD5 anti-
gen was retained during the blastic phase,60 which
raises the possibility of a blastic version of mantle cell
lymphoma occurring in a patient with the type of
mantle cell lymphoma that closely resembles CLL,41

and this seems certainly to be the explanation for the
most recent case report where both the small-cell ver-
sion and the blastic version had the t(11;14) transloca-
tion.61 However, in another case the blasts were shown
to be terminal deoxynucleotidyl transferase positive,62

and in this and other cases the blast cells had the char-
acteristics of ALL.63 In such cases, however, it has not
been established that the ALL belongs to the same
clone as the CLL.

There is no convincing evidence that CLL ever
transforms into ALL.

PARANEOPLASTIC COMPLICATIONS

Although there are a few paraneoplastic complications
of CLL of uncertain origin, the majority are caused by
altered immunity (Table 27.2). For unknown reasons,
CLL has a profound effect on the normal immune sys-
tem, although it has been suggested that CLL is a tumor
of regulatory B cells, and exerts its effect in this way.64

The altered immunity manifests itself as immune defi-
ciency, which will not be considered in this chapter, and
autoimmunity.

AUTOIMMUNITY
The association of autoimmune disease and CLL is well
known but misunderstood. There is no general ten-
dency for patients with CLL to develop autoimmune
disease. The only autoimmune conditions seen in CLL
with any frequency are autoimmune hemolytic ane-
mia (AIHA) and immune thrombocytopenia (ITP). A
few other rare conditions occur in CLL more com-
monly than would be expected, but the common
autoimmune diseases, such as rheumatoid arthritis,
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thyroid disease, pernicious anemia, and systemic lupus
erythematosus (SLE) are no commoner in CLL than in
age-matched controls.65

Autoimmune hemolytic anemia
Using the technique of differential agglutination,
Berlin was the first to show shortened red cell survival
in nine patients with CLL.66 Later, Wasserman et al.67

found hemolytic anemia in 9 of 58 consecutive
patients with CLL, with 5 out of 7 testing positive in
the direct antiglobulin test. Following this, a series of
studies suggested that AIHA occurs at some time in the
course of CLL in 10–26% of cases.68

AIHA is commoner in CLL than in the general pop-
ulation. The reported prevalence varies from 1.8 to
35%.69,70 The disparity is because prevalence is closely
related to stage and progression. In stable stage A dis-
ease, Hamblin et al.65 found a prevalence of 2.9%,
compared to 10.5% in stage B and C disease and 18.2%
in progressive stage A disease. 

From a different point of view, CLL is the com-
monest known cause. In a large series of patients with
AIHA, Engelfriet et al.71 found that 14% were associ-
ated with CLL, compared to 7% for SLE, the next
most common cause. However, in about half the
cases of AIHA no cause is found. AIHA occurs about
eight times more commonly in CLL than in other
forms of non-Hodgkin’s lymphoma, and about two
and a half times more commonly than in Hodgkin’s
disease.

Immune thrombocytopenia
Minot and Buckman72 reported that half their patients
with CLL had thrombocytopenia at presentation.
Once an immune cause for thrombocytopenia had
been recognized, Harrington and Arimura73 reported
seven cases of ITP occurring in CLL. Ebbe et al.74

reported five more cases and suggested that the preva-
lence of ITP in CLL was 2%, and this was confirmed by
Hamblin et al.65 and Dührsen et al.75 However, the
numbers were small in all three series and the reliabil-
ity of the diagnoses suspect. The diagnosis of ITP in
CLL depends on the presence of isolated thrombocy-
topenia, and normal or increased bone marrow
megakaryocytes with an excess of early forms. More
sophisticated, though not entirely reliable, tests are
increased mean platelet volume and platelet distribu-
tion width, and detection of platelet antibodies in the
serum or on the platelet membrane.

The diagnosis of ITP is difficult. Bone marrows heav-
ily infiltrated with CLL cells make megakaryocytic
numbers difficult to assess. Tests for platelet antibodies
are still unsatisfactory. Increased levels of platelet-asso-
ciated IgG was found in 30% of thrombocytopenic
patients with CLL and 10% of nonthrombocytopenic
patients.76 Even higher rates were found in non-
Hodgkin’s lymphomas. This test is known to have a
high false-positive rate. The diagnosis is often made by
exclusion and confirmed by response to therapy.
About one-third of patients with ITP secondary to CLL
also have a positive direct antiglobulin test (Evans’
syndrome), a much higher rate than for primary ITP.77

Autoimmune neutropenia
When a CLL patient becomes neutropenic, it is usually
because of marrow infiltration or treatment. Early
reports of immune neutropenia in CLL78 probably
referred to the well-recognized syndrome of large gran-
ular lymphocytic (LGL) leukemia with neutropenia.79

A study from Crete80 reported higher numbers of
CD3�, CD8�, and CD57� cells in neutropenic patients
with CLL and demonstrated that CD8� cells from neu-
tropenic patients exerted a greater suppressive effect on
colony-forming unit–granulocyte-macrophage colony
growth than that of similar cells from nonneutropenic
patients. More recently, it has been suggested that the
secretion of high levels of Fas ligand is the cause of the
neutropenia that is sometimes seen in B CLL.81

Antineutrophil antibodies seem to be involved only
rarely, if at all.

Pure red cell aplasia
Although well recognized in CLL,82 pure red cell apla-
sia (PRCA) is also a frequent complication of LGL
leukemia; indeed, this is probably its commonest
cause.83 Nevertheless, Chikkappa et al.84 recognized
PRCA in 23 cases of B CLL, and subsequently it has
been reported on at least five occasions.77 From their
own cases, Chikkappa et al.84 estimated the prevalence
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Table 27.2 Paraneoplastic complications of CLL

Autoimmune
Antibody produced by tumor

Cold agglutination syndrome
Acquired angioedema
Some cases of glomerulonephritis or nephrotic 

syndrome
Antibody produced by residual lymphoid tissue

Autoimmune hemolytic anemia
Immune thrombocytopenia
Immune neutropenia
Pure red cell aplasia
Paraneoplastic pemphigus
Some cases of glomerulonephritis or nephrotic 

syndrome

Nonimmune
Hypercalcemia
Severe reactions to insect bites

Obscure and uncertain
Bell’s palsy
Peripheral neuritis
Parkinson’s disease
RS3PE



at 6%, but this seems an exaggeration. In our series,
about 1% of our 800 unselected patients with CLL
have developed PRCA. The recent spate of cases of
PRCA following treatment with erythropoietin has
provided an easy assay for determining the autoim-
mune nature of PRCA.85

Other types of autoimmune disease
The idea that CLL was regularly associated with all
types of autoimmune disease was reinforced by
reviews by Miller86 and Dameshek.87 However, in an
elderly population, autoantibodies are recognized
quite commonly. Hamblin et al.65 found that 21.5% of
a control population of individuals over 60 years of
age had tissue-specific autoantibodies detected by
immunofluorescence. In an age-matched series of 195
patients with CLL, the prevalence of autoantibodies
was exactly the same. Dührsen et al.75 confirmed this.
However, there are three conditions that should be
looked at more closely.

Nephrotic syndrome and glomerulonephritis Nephrotic
syndrome occurs more commonly in CLL than would
be expected by chance. In 1974, Dathan et al.88

reported two patients with CLL who developed
nephrotic syndrome caused by an immune complex
glomerulonephritis. Almost immediately, Cameron
and Ogg89 reported another three cases, but subse-
quent letters to the same journal were rejected because
there were so many. This complication is therefore
much commoner than the 50 cases, mostly in the form
of single case reports, uncovered by a PubMed search.
Either membranous glomerulonephritis or membra-
noproliferative glomerulonephritis may be seen on
renal histology. There have been two reports of anti-
neutrophil cytoplasmic antibodies, one of which fol-
lowed treatment with fludarabine.90,91

Acquired angioedema As with hereditary angioedema,
the acquired form is characterized by recurrent bouts
of angioedema and abdominal pain. It is caused by a
deficiency of the inhibitor of the first component of
complement (C1-INH). It differs from the hereditary
form in that there is no family history, and the onset
is not until the fifth decade of life. Type I is associated
with lymphoproliferative diseases, including CLL,
and type II with autoantibodies. The normal C1-INH
molecule has a molecular weight (MW) of 105 kd,
with a binding site for the serine protease C1s. The
autoantibodies recognize two synthetic peptides
(peptides 2 and 3) that span the reactive site of the
molecule.

A study of six cases of acquired angioedema (AAE)
demonstrated that the autoantibodies were monoclonal
whether or not they were associated with a lympho-
proliferative disease92; and the distinction may well be
an artificial one, depending on how hard a lympho-
proliferative disease is to find. In both types of AAE, 

a nonfunctional C1-INH molecule of MW 95 kd is
found in the serum. The mechanism of action of the
antibody is to cause or allow the cleavage of the C1-INH
molecule, rendering it inactive.93

Blistering skin diseases The first report of a patient
with CLL and a pemphigoidlike skin disease was by
Oppenheim in 1910,94 although the two patients
reported by Sachs in 192195 had a more secure diag-
nosis of CLL. In 1974, Cuni et al. described a single
case of bullous pemphigoid, established by the pres-
ence of antibasement membrane antibody.96 In their
review of the literature, they discovered 16 other
cases of CLL with either bullous or vesicular skin
lesions. Goodnough and Muir97 reported the next
case 6 years later, but in the same year Laskaris et
al.98 reported two cases of CLL associated with oral
pemphigus.

The confusion over pemphigus and pemphigoid was
resolved when Anhalt et al.99 described paraneoplastic
pemphigus. The clinical features are of painful erosions
of the oropharynx, and vermilion borders of the lips
that are resistant to conventional treatment. There is
severe pseudomembranous conjunctivitis. There are
several types of itchy cutaneous lesions including con-
fluent erythema with skin denudation, and papules on
the trunk and extremities forming target lesions, with
central blistering. Anhalt reported that patients with
this condition had often been previously misdiag-
nosed as pemphigus vulgaris or erythema multi-
forme. Histologically, he observed three elements:
suprabasilar intraepithelial acantholysis, necrosis of
individual keratinocytes, and vacuolar interface change.
Immunofluorescence studies revealed the presence in
the serum of antibodies that reacted with the intracel-
lular spaces, such as is seen in pemphigus vulgaris or
foliaceus. However, direct immunofluorescence studies
of the skin also demonstrated complement deposition
along the basement membrane typical of bullous pem-
phigoid.

Investigation of patients’ sera showed immunopre-
cipitation of a complex of four polypeptides from ker-
atinocyte extracts with MWs of 250, 230, 210, and 190
kd, respectively. Subsequently, several groups con-
firmed this pattern of autoantibodies,100–102 but two
groups also found an antibody against a 130-kd com-
ponent.103,104 These antigenic components have subse-
quently been identified. The 130-kd glycoprotein is
characteristically involved in pemphigus vulgaris. It
has been cloned and sequenced105 and termed
desmoglein 3. It belongs to the cadherin family of cell
adhesion molecules. Antibodies to the 230-kd
polypeptide are characteristically found in the sera of
patients with bullous pemphigoid. The protein is
known as BPAG2,100 is intracellular, and localizes to
the hemidesmosomal plaque. The 250-kd protein is
desmoplakin I,100 the 210-kd protein is envoplakin,106

and the 190-kd protein is periplakin.107
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Although it is rare, paraneoplastic pemphigus is a
discrete autoimmune blistering skin disease with char-
acteristic clinical features, a pathognomonic pattern of
antibody specificity, and an association with lymphoid
tumors. It may occur in an array of lymphoid tumors,
and especially in Castleman’s disease, but about 30%
of cases occur in CLL.108

Mechanisms of autoimmunity in CLL
Secretion of autoantibody by tumor cells Perhaps the
simplest explanation for autoimmune disease in CLL
would be that the autoantibodies were the product of
the tumor. Using a sensitive immunoblotting tech-
nique, Beaume et al.109 found monoclonal
immunoglobulin in the sera of 80% of CLL patients.
However, the light-chain type was the same as that of
the surface immunoglobulin in only half the cases. In
CLL, serum monoclonal immunoglobulins cannot be
assumed to have been produced by the tumor.

There is some evidence that CLL lymphocytes may
be induced to produce autoantibodies. When stimu-
lated with phorbol ester cells, 12 of 14 patients with
CLL secreted IgM that reacted with a variety of
autoantigens.110 Similar polyreactive antibodies have
been described by Sthoeger et al.111 The antibodies
were of the same light-chain types as the surface Ig of
the CLL cells, and therefore not the product of conta-
minating normal B cells. These findings give weight to
the hypothesis that CLL is derived from a B cell of sep-
arate lineage akin to the Ly-1 (CD5) B cell of mice,
although this hypothesis is in increasing disrepute.68

Sthoeger et al.112 reported two cases of CLL with
AIHA where immunoglobulin eluted from direct
antiglobulin positive red cells reacted with anti-�, but
not anti-� antibodies. In addition, the CLL cells pro-
duced in culture a monoclonal IgM that reacted with
red cells, though more strongly at 4oC than at 37oC.
Most agree that the antibody in AIHA is polyclonal
and the product of the residual lymphoid tissue, and
not of the tumor cells. A study by Sikora et al.113

demonstrated that the monoclonal Ig rescued from
CLL cells was not responsible for a concurrent warm
antibody AIHA.

On the other hand, in cold agglutination syndrome,
most cases seem to be caused by a monoclonal IgM.
The molecular basis for this reaction is now under-
stood. A rat monoclonal antibody, 9G4, raised against
the surface IgM of a B-cell lymphoma recognized a
shared idiotypic determinant on all anti-I or anti-i cold
agglutinins.114 B cells from patients with cold aggluti-
nation syndrome were immortalized with EBV. The
9G4-positive lines were investigated for the use of
immunoglobulin VH genes and found exclusively to
use the V4-34 gene.115,116 This specificity was retained
whether the VH gene was in germline configuration or
showed evidence of somatic mutation. The detailed
biochemistry of both the reaction with red cells and
with the 9G4 monoclonal has been elucidated.117

However, cold agglutination syndrome is rare in CLL.
CLL cells do not usually secrete enough immunoglobu-
lin for it to be detected by conventional methods. Thus
although 6 of 78 patients with persistent cold agglu-
tinins had CLL,118 the definition then in use for CLL
would not have excluded diseases like splenic mar-
ginal zone lymphoma, which has a greater propen-
sity for secreting large amounts of monoclonal
immunoglobulin. The same is true of the single case
report from Feizi et al.119 and the single case of CLL
with cold agglutination syndrome reported by
Hamblin et al.65 which, in retrospect, had a spillover
lymphoma. A more recent case was also CD5 nega-
tive,112 an almost certain indication that this also was
a different type of lymphoma. In this case, the heavy-
chain gene used by the surface immunoglobulin was
DP54 and not V4-34, an indication that the cold agglu-
tinin was not the product of the tumor. In the last 
5 years, we have seen a single patient with long-stand-
ing cold agglutination syndrome who developed defi-
nite CLL during his last illness. Both his anti-I anti-
body and the surface immunoglobulin used the VH4-34
gene; the same is true for the case reported recently by
Ruzickova et al.120

As far as other autoimmune syndromes are con-
cerned, there is little evidence that the autoantibodies
are the product of the CLL cell. It is believed that CLL-
associated angioedema,92 and possibly CLL-associated
glomerulonephritis,121 may be caused in this way. On
the other hand, a recent publication suggests that the
anti-230-kd autoantibody associated with paraneo-
plastic pemphigus is not synthesized by CLL cells.122

Autoimmunity triggered by treatment Although the
suggestion that autoimmunity might be triggered by
treatment in CLL was made nearly 40 years ago,123

there were few corroborating reports124–126 until the
association with fludarabine was realized. The first
report of two cases appeared as a letter,127 though in
only one of the cases was the association with treat-
ment secure. A contrary view was reported by inves-
tigators from the MD Anderson Cancer Center, who
argued that the cases represented the natural preva-
lence of AIHA in CLL.128 Five out of 112 patients
treated with fludarabine developed hemolysis after
between 1 and 6 courses of therapy, and a further
four patients with preexisting AIHA deteriorated
after fludarabine treatment, though four further
patients with preexisting AIHA received fludarabine
safely.

Two years later, Myint et al.129 reported that of 52
heavily pretreated patients, 12 developed AIHA after
between 2 and 6 courses of fludarabine. Since then,
many reports involving well over 100 patients have
confirmed the association. The frequency of hemolysis
depends on how much previous treatment the patient
has received. Only about 2% of patients treated for the
first time develop AIHA, compared with about 5% of
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patients who have received some previous treatment,
and over 20% of heavily pretreated patients.

Among 1203 patients studied at University “La
Sapienza” in Rome,130 52 cases of AIHA were observed
(4.3%). In 19 patients, the AIHA was present at the
time of diagnosis of the CLL, and a further 20 devel-
oped AIHA while still untreated. Ten developed AIHA
while on therapy, seven on low-dose chlorambucil
(1.8% of those so treated) and three on fludarabine
(2.5% of those so treated). Current thinking is that
AIHA triggered by treatment has been underreported
in the past, and is probably as common after chloram-
bucil treatment as after fludarabine, but after fludara-
bine it is more severe and difficult to treat. Early sug-
gestions are that the risk is less with the fludarabine/
cyclophosphamide combination.

Autoimmune thrombocytopenia may also be trig-
gered by fludarabine. Montillo et al.131 first reported
relapse of CLL-associated ITP after exposure to fludara-
bine. Over 30 cases of fludarabine-related ITP have
now been reported.68 Only one possible case of immune
neutropenia132 and three cases of PRCA  have been
reported.68 Paraneoplastic pemphigus has been reported
in five cases.68 There have been two cases of postflu-
darabine glomerulonephritis.68

The other purine analogs, cladribine and pentostatin,
are also capable of triggering autoimmune complica-
tions.68 As the best known toxicity of the purine analogs
is their profound T-cell suppression, it is interesting to
note that treatment with Campath-1H can also trigger
autoimmunity in CLL.68 Interestingly, paraneoplastic
pemphigus may also be triggered by radiotherapy.68

From these observations some general conclusions
can be drawn. Most cases of postfludarabine autoim-
munity have occurred in heavily pretreated patients.
Usually, patients have previously received an alkylat-
ing agent. The complication is severe and often diffi-
cult to treat. In many cases it has been fatal. If control
is achieved, then reexposure to any of the purine
analogs retriggers the complication. Even alkylating
agents may retrigger it. The recurrence is likely to be
even more virulent. Although commonest in CLL,
autoimmunity may also be induced in other low-grade
lymphoproliferative diseases.

Synthesis: why is CLL complicated by autoimmunity? The
cause of the autoimmune complications of CLL is
unknown. Although they are a feature of all low-grade
B-cell lymphomas, they are worse in CLL, just as the
immunodeficiency is worse. Both the immunodefi-
ciency and the autoimmunity are made worse by treat-
ment. They are probably related. Noting the almost
AIDS-like, CD4 T-cell suppression that occurs after
treatment with fludarabine, Hamblin68 suggested that
autoimmunity in CLL is caused by loss of T-cell regula-
tory control of autoreactive T cells. 

In most cases of AIHA, the autoantibody preferen-
tially reacts with components of the Rh antigen. A

recent study has demonstrated that CLL cells act as the
most potent antigen presenting cells for purified Rh
antigen.133

Treatment of autoimmune complications
Acquired angioedema Treatment of AAE has been
recently reviewed by Markovic et al.134 They recom-
mend treatment of the CLL as the most important
element of the management. The androgens,
stanozolol and danazol, have been widely used for
both the hereditary and acquired form of the disease
and are generally successful. They act by increasing
the production of C1 esterase inhibitor by the liver.
For those who are unhappy taking androgenic
steroids, tranexamic acid (0.5 g three times daily) is as
successful in the acquired form as in the in the hered-
itary form. 

Autoimmune hemolytic anemia There are no con-
trolled trials of treatment of AIHA secondary to
CLL, and treatment does not differ from AIHA in
other circumstances. Prednisolone 1 mg/kg for
10–14 days has been the standard treatment for
acute hemolysis for 50 years.135 As most cases occur
in progressive CLL, it would be usual to also treat
the CLL, with either chlorambucil or fludarabine,
but this carries a risk. For patients in whom the
AIHA has been triggered by fludarabine, further
exposure to purine analogs or even to any other
cytotoxic drug may be hazardous. Patients failing to
respond to prednisolone, or relapsing when the
dose is reduced, are offered azathioprine or
cyclophosphamide.

There are few data on the value of splenectomy in
this condition. In a series of 113 splenectomies for
AIHA, only 4 were for hemolysis secondary to CLL.136

The hazards of splenectomy are well known, and are
certainly increased in frail, elderly, immunodeficient
patients. Nevertheless, it may be lifesaving. 

Among 73 cases of AIHA treated with intravenous
immunoglobin (IVIG) detailed in the literature,137

40% responded. Doses of 0.4 g/kg/day for 5 days were
effective. Only 18 of the 73 cases also had CLL.
Response was transient, lasting only 3–4 weeks, but
retreatment was effective.77

Cyclosporine is used in AIHA when other modali-
ties have failed.138 The dose is 5–8 mg/kg/day, tapering
to a maintenance dose of about 3 mg/kg/day. We aim
to keep the blood level at about 100 	g/L.

The severity of hemolysis following fludarabine is
often extreme, and several reports detail fatalities.
Patients who develop these complications are often
immunosuppressed and prone to infection. Further
immunosuppressive treatment will intensify this risk.
Anticipating that the complication will be difficult to
control, we move rapidly to secondary treatments.
Where steroids have failed, we have found success
with IVIG and splenectomy, but many of our patients
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have required cyclosporine and, because responses are
often delayed, we move rapidly to prescribing it.68

A special risk is the retriggering of autoimmunity by
reexposure to fludarabine, cladribine, or pentostatin.68

Even chlorambucil may retrigger the complication.68

The current Medical Research Council trial suggests
that there is no extra hazard in treating a patient with
a positive direct antiglobulin test (DAT), but there is if
the patients has preexisting AIHA.

Rituximab infusion is rapidly gaining favor for the
treatment of autoimmune complications of CLL, espe-
cially those occurring after exposure to fludarabine.
Zaja et al. reported remarkable responses in cases of
AIHA, ITP, cold agglutination syndrome, and axonal
degenerating neuropathy.139

Autoimmune thrombocytopenia This complication is so
rarely diagnosed that there is next to no guidance in
the literature on treatment. It therefore seems wise to
follow the Clinical Guidelines of the American Society
of Hematology140 for the treatment of idiopathic
thrombocytopenic purpura, and to treat the CLL inde-
pendently as required. Thus, asymptomatic thrombo-
cytopenia should only be treated when the platelet
count is �30 � 109/L. Hospitalization should be con-
fined to patients with mucous membrane or other
severe bleeding. Conventional dose oral prednisolone
is the treatment of choice for those who need any
treatment (those with severe bleeding or a platelet
count �30 � 109/L).

Prednisolone is given in the same dose as for AIHA.
Patients failing to respond are treated with IVIG 0.4
g/kg/day for 5 days. The response rate is higher than
that for AIHA. Splenectomy is also more effective
than in AIHA, with response rates of over 70% in
patients unresponsive to steroids.141 Other treat-
ments found to be successful in AIHA may also be
tried. Unique to autoimmune thrombocytopenia is
treatment with vinca alkaloids. Vincristine 1 mg i.v.
weekly � 6 is often effective, but vinblastine has also
been used. The drugs may be given as boluses or by
slow infusion.68

ITP complicating CLL may be severe, causing
intractable bleeding. Special measures may need to be
taken to control the bleeding, including IVIG followed
immediately by platelet transfusion. Alternatively,
methylprednisolone 1 g/day i.v. � 3 followed by
platelet transfusion may be effective. Tranexamic acid
is worth trying, as is recombinant factor VIIa.142

Pure red cell aplasia Treatment for this complication
has been reviewed by Diehl and Ketchum.77 On the
basis of literature reports of 41 treatments in 33
patients, they recommend instituting treatment to
control the CLL, as this will be necessary to achieve
long-term remission of the PRCA. At the same time,
the PRCA is treated with prednisolone 1 mg/kg/day. If
there is no response, then cyclosporine is added. The

reticulocyte count should increase within 2–3 weeks,
and the hemoglobin normalize in 1–2 months. At this
point, the steroid dose can be reduced and stopped.
Cyclosporine should be continued for 6–7 months
and then gradually withdrawn.

Paraneoplastic pemphigus This syndrome is fre-
quently fatal68; four of the original five patients died,
and two patients who developed it following fludara-
bine also succumbed. One patient has survived post-
fludarabine paraneoplastic pemphigus after having
been treated with prednisolone 500 mg/day,
cyclophosphamide 100 mg/day for several weeks,
together with IVIG 120 mg over the first 3 days.
Other patients with a similar syndrome, unrelated to
malignancy, have responded to IVIG. Three British
patients responded to the combination of high-dose
steroids and cyclosporine or cyclophosphamide,
although one later died from sepsis.

Rapidly progressive glomerulonephritis Treatment for
glomerulonephritis involves intense immunosuppres-
sion with high-dose intravenous methylprednisolone
and cyclophosphamide.68 Plasma exchange has a role
in those cases that present with renal failure requiring
dialysis. Aggressive immunosuppression has the
added benefit of suppressing the CLL. It is moot
whether control of the CLL or control of the autoim-
mune process is responsible for the beneficial effect of
such treatment.

NONIMMUNE COMPLICATIONS
Hypercalcemia
Hypercalcemia is a rare complication of CLL.143 The
cause is obscure. Rossi et al.144 have suggested that
cases of CLL might have abnormal osteoclast differen-
tiation, leading to increased bone resorption.

Abnormal reactions to insect bites 
There has long been a story that patients with CLL
respond abnormally to insect bites. Two recent studies
have entered the literature.145,146 Histology showed 
T- and B-cell infiltrates with prominent eosinophil
infiltration and eosinophil granule deposition. One
patient developed bullous lesions.

Neurologic complications
Hamblin147 reported patients with various neurologic
complications, including Bell’s palsy, Parkinson’s dis-
ease, and peripheral neuropathy. It is difficult to know
whether such complications are neoplastic, paraneo-
plastic, or incidental. Creange et al.148 reported seven
cases of inflammatory neuromuscular disorders in
which there was clear evidence of infiltration with CLL
cells. Bell’s palsy is now thought to be a complication of
Herpes simplex infections in most cases, and Hamblin147

reported a temporal relationship of Parkinson’s disease
to severe Herpes zoster infections.
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EPIDEMIOLOGY

Hairy cell leukemia (HCL) is one of the B-cell lympho-
proliferative disorders and is quite rare. 

There is little known about epidemiologic factors of
importance in patients with HCL.

INCIDENCE
Hairy cell leukemia is an uncommon malignancy,
encompassing only 1–2% of all leukemias in the United
States. It is slightly lower at 1.12% of all leukemias in
Mexico.1 Incidence is reported as 2.9 per million per-
sons per year for men and 0.6 per million persons per
year for women, and is similar to that reported in
England and Wales.2 The incidence in Hong Kong is
much lower, at only 0.0035 per million persons per
year.3 The highest documented incidence is derived
from nationwide information from Iceland—at 4.7 per
million persons per year.4 Generally, the disease is indo-
lent with a prolonged clinical course.

Patients presenting with HCL are usually in their
middle ages, with the median age of 52 years at diag-
nosis. There is a striking male predominance, with a
male/female ratio of 4:1. This male predominance
holds true throughout all countries.

There is also ratio discordance with race. Caucasians
have a higher frequency of HCL than other races.
Jewish males have a higher risk than Jewish females or
those of other religion groups.5

GENETIC PREDISPOSITION
There is no proven genetic predisposition to the devel-
opment of HCL, although approximately 15 cases of
what appears to be familial HCL have been reported
over the past 20 years. They have all shared the HLA
haplotype A2, Bw4, and Bw6 suggesting that these
haplotypes may play a role in genetic predisposition.6,7

MORTALITY DATA
In untreated patients, the rate of survival at 5 and 10
years was 34.4% and 29.6%, respectively. For splenec-
tomized patients the 5-year survival was approximately
60% and for those receiving pentostatin, the 5-year
survival was 90%.8

RISK FACTORS

The interest in identifying risk factors for all cancers is
rising with the increasing incidences of cancer. Most
likely because of the rarity of this disease, there is little
information on risk factors for HCL. Studies have iden-
tified a number of potential risk factors for HCL,
including occupational hazards, chemical exposure,
and infectious predispositions. 

CHEMICAL EXPOSURE AND HAIRY CELL LEUKEMIA
Several studies have hinted at chemical exposure as a risk
factor, consistent with data seen in other hematologic
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malignancies. The tendency of HCL to occur in men at a
4:1 ratio suggests that there may be occupational risk
factors as well. Summaries of these studies are as follows:
Hardel et al. reported on a population-based cancer reg-
istry analysis of 515 cases and 1141 controls. They iden-
tified increased risks for subjects exposed to herbicides,
insecticides, fungicides, and impregnating agents.9 A sig-
nificant association was found between HCL and insec-
ticides, fungicides, and herbicides, with an overall odds
ratio ranging from 1.5 to 2.4 in a study of 226 men with
HCL reported by Clavel.10 Nordstrom et al., in the British
Journal of Cancer, published a study that also identified
exposure to the above mentioned same agents as risk
factors.11

OCCUPATIONAL HAZARDS AND HAIRY CELL LEUKEMIA
In the study by Nordstrom et al. data supported
agriculture-related exposures as an increased risk for
HCL. There was also an overall elevated odds ratio for
exposure to farm animals, specifically cattle, horses,
hogs, poultry, and sheep. There is, however, a ques-
tion of recall bias affecting these results.11 Ruiz-
Arguelles reported on 27 patients with HCL in Mexico
and found that the proportion of patients with
leukemia to be higher in the northern region of the
country where farming and agriculture is more preva-
lent.1 Clavel reports on 225 men with HCL and 425
matched controls, and found that 20.8% of the cases
were farmers.10

Organic solvents have been implicated in the
etiology of HCL in several series.12–14 One of the larger
case-control studies of 291 cases with HCL and 541
matched controls was published in the British Journal
of Hematology15 and did not find an association with
jobs involving exposure to solvents. The study admit-
tedly lacked the power to investigate higher odds
ratio for some jobs, such as spray painters. Previous
studies have suggested an association with organic
solvents.

INFECTIOUS EXPOSURES AND HAIRY CELL LEUKEMIA
The contribution of infectious pathogens to the etiol-
ogy of cancer is being investigated for a multitude of
cancers. Because of the association of Non-Hodgkin’s
lymphoma with Epstein-Barr virus (EB), Nordstrom
reported on the correlation of exposure to Epstein-Barr
virus and exposure to organochlorines as risk factors
for HCL. High titres of antibodies to EB early antigen
IgG, along with higher blood concentrations of chlor-
danes, and hexachlorobenzene were correlated with
an increased risk for HCL.16

A population-based case control study performed in
Sweden through a mailed questionnaire to investigate
the possible role of previous medical history and med-
ications as risk factors for HCL was conducted by
Nordstrom et al. Elevated odds ratio was found in
those with a history of appendicitis and pneumonia,
NSAID use, as well as a history of malignancy.17 There

was no association found between cigarette smoking,
alcohol, or coffee consumption and HCL.11,15

RISK OF SECOND MALIGNANCIES

In an epidemiological study of HCL in Los Angeles
County in 1990, it was noted that patients with a history
of HCL were more than twice as likely as other cancer
patients to have multiple cancer diagnoses.5 Since that
time, multiple studies have confirmed that HCL patients
have an increased risk for secondary malignancies. The
rationale for this observation is probably dual. The pri-
mary treatment of HCL involves the use of nucleoside
analogs, which lead to prolonged immunosuppression,
with lower than normal numbers of CD4� cells for more
than 3.5 years.18,19 This prolonged immunosuppression
leads to an increase in second malignancies.19 Cheson
et al. looked at patients with either chronic lymphocytic
leukemia (CLL) or HCL who had undergone treatment
with Nucleoside Analogs and found a total of 150 sec-
ondary cancers in 146 patients. Most of these cases were
solid tumors, with a higher than expected frequency of
prostate cancer.20 In a study from British Columbia, Au 
et al. reported that of 117 patients with HCL diagnosed
between 1976 and 1996, 30.7% had at least one addi-
tional malignancy. Twenty percent were diagnosed either
at the same time or within a few years of the diagnosis of
HCL, with a peak incidence at 2 years afterwards. All sec-
ondary malignancies were solid tumors.21

Interestingly, previous studies of other immunocom-
promized populations found an increased incidence of
hematologic malignancies, yet more solid tumors were
found in patients with HCL. They were detected prior to
or concomitant with the diagnosis of HCL. There is one
case report of a patient with a myeloproliferative disor-
der (essential thrombocythemia) treated with hydrox-
yurea who later developed HCL.22 There have been two
reports of pre-existing polycythemia vera followed by a
diagnosis of HCL.23

Interferon alpha is an effective treatment for HCL.
This suggests that the immune system may help mod-
ulate disease progression.24,25 Multiple tumors were
found in some studies either prior to or concomitant
with the diagnosis of HCL, raising the suspicion that
there may be an underlying impaired immune response
in patients with HCL.26

Not all studies support the theory that patients with
HCL are at an increased risk for second malignancies.
The following reported that the incidence of second
malignancies was not significantly higher than
expected. Fifty-four of 1,022 patients in the Italian
Cooperative Group for the Study of HCL developed
second cancers; this was not significantly higher than
the expected rate, although the incidence of lymphoid
neoplasms was significantly higher.27 Data on 350
patients with HCL obtained from the M.D. Anderson
Cancer Center Cancer Registry found that, although
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there was an increase in the number of second malig-
nancies, statistical significance was not achieved, and
the excess malignancies were not thought to be associ-
ated with therapy.28

CLASSIFICATION

Hairy cell leukemia is a rare chronic monoclonal B-cell
neoplasm. There is no internationally recognized
classification system for HCL. In fact, the World
Health Organization classification of hematopoietic
and lymphoid malignancy represents the first world-
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16. Nordstrom M, Hardell L, Lindstrom G, et al.:
Concentrations of organochlorines related to titers to
Epstein-Barr virus early antigen IgG as risk factors for
hairy cell leukemia. Environ Health Perspec 108(5):
441–415, 2000 May.

17. Nordstrom M, Hardell L, Fredrikson M: Previous medical
history and medications as risk factors for hairy cell
leukaemia. Oncol Rep 6(2):415–419, 1999 Mar-Apr.

18. Seymour JF, Talpaz M, Kurzrock R: Response duration
and recovery of CD4� lymphocytes following deoxyco-
formycin I interferon-alpha-resistant hairy cell leukemia;
7-year followup. Leukemia 11:42–47, 1997.

19. Seymour JF, Kurzrock R, Freireich EJ, et al.: 2-Chloro-
deoxyadenosine induces durable remissions and prolonged
suppression of CD4� lymphocyte counts in patients with
hairy cell leukemia. Blood 83:2906–2911, 1994.

20. Cheson B, Vena DA, Barrett J, Freidlin B: Second malig-
nancies as a consequence of Nucleoside Analog therapy
for chronic lymphoid leukemias. J Clin Oncol 17(8):
2454–2460, 1999 Aug.

21. Au WY, Klasa RJ, Gallagher R, et al.: Second malignancies
in patients with hairy cell leukemia in British Columbia;
a 20-year experience. Blood 92(4):1160–1164, 1998 Aug.

22. Azagury M: Development of hairy cell leukemia in a
patient treated with cytoreductive agents for essential
thrombocythemia. Leukemia Lymphoma 44(6):1067–1069,
2003 June. 

23. Kelly NP: Hairy cell leukemia variant developing in a
background of polycythemia vera. Archives Pathol Lab
Med 127(4):209–211, 2003 Apr.

24. Zhang HG: Aging, immunity, and tumor susceptibility.
Immunol Allergy Clin North Am 23(1):83–102, 2003 Feb.

25. Seymour JF, Estey EH, Keating MJ, et al.: Response to
interferon-alpha in patients with hairy cell leukemia
relapsing after treatment with 2-chlorodeoxyadenosine.
Leukemia 9:929–932, 1995 May.

26. Saven A, Burian C, Koziol J, Piro L: Long-term follow-up
of patients with hairy cell leukemia after cladribine
treatment. Blood 92(6):1918–1926, 1998 Sept.

Chapter 28 ■ Epidemiology, Risk Factors, and Classification of Hairy Cell Leukemia 267

wide consensus document on the classification of
lymphoma/leukemia.

Classically, three immunophenotypic variants are
described. All hairy cells express the pan-B-cell anti-
gens CD19 and CD20. They are negative for CD5,
CD10, and CD23. The classic variant coexpresses
CD11c, CD25, and CD103. The variant group accounts
for 10% of hairy cell cases and expresses CD11c, but
not CD25. Expression of CD103 is variable. The sur-
vival of the variant form seems to be inferior to the
classic type, most likely due to chemoresistance. The
Japanese variant is CD11c positive, and occasionally
CD103 positive, but CD25 negative.29–32
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INTRODUCTION

Hairy cell leukemia (HCL) is a clonal expansion of
abnormal memory-type B cells with specific features of
activation, including the distinctive “hairy” morphol-
ogy of the malignant cells that give the disease its name.
The malignant hairy cells (HCs) display specific patterns
of activated signaling components, express a spectrum
of activation antigens and activated adhesion recep-
tors, and spontaneously secrete a number of autocrine
cytokines. Many recent studies clearly indicate that the
pathology of HCL is, to a large extent, a direct reflection
of this activated phenotype of the malignant cells.

Although HCL is a largely homogenous disease with
respect to its cell-biological and clinicopathological
features, no consistent abnormal cytogenetic profile has
yet been demonstrated, and the nature of the onco-
genic transformation of HCs remains unclear.

Here we first describe the specific cell-biological and
molecular characteristics of HCs and discuss their
importance for the distinctive clinicopathological fea-
tures and therapy of HCL. We also present the currently
known cytogenetics of this disease.

CELL AND MOLECULAR BIOLOGY

HAIRY CELLS AS MEMORY B CELLS
It is well established that HCs are mature clonal B cells
that express a range of B-cell markers (e.g., CD19,
CD20, CD22) together with surface immunoglobulin
which has often undergone class-switch recombination
and relatively low levels of somatic hypermutation
(Table 29.1). Moreover, individual HCs can express
multiple heavy chain isotypes that are generated by
splicing of long RNA transcripts.1 Studies of a limited
number of cases failed to show clear evidence of biased
VH gene segment usage or cell selection by antigen(s).2

Although HCs express the plasma-cell antigen
PCA1,3 and the CD85 expressed by plasma cells and
other mature B cells, they have little or no propensity
to differentiate into antibody-secreting cells. Recent
gene expression profiling clearly places HCs, along
with chronic lymphocytic leukemia (CLL) cells, at the
memory stage of B-cell development.4 Reactivity with
a phage-derived antibody known as phab V-3 and
high levels of CD11c expression indicate that HCs
may originate from a subpopulation of normal CD11c-
positive memory B cells with similar phab V-3 reactiv-
ity.5 This subpopulation is VH-mutated and possesses
the memory-cell marker CD27 that has also been
reported to be present on HCs.4

ACTIVATION FEATURES OF HAIRY CELLS
Long before the advent of CD antibodies, the distinc-
tive morphology of HCs was highly suggestive of the
activated nature of the malignant cells. Subsequent
studies have indeed shown the HCs express a number
of antigens (e.g., FMC7, CD22, CD25, CD72, CD40L)
associated with the activation of B cells and other cell
types (Table 29.2),6 but lack CD23, which is expressed
by CLL cells and upregulated during normal B-cell
activation.6 Moreover, certain HC-“restricted” antigens,
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Table 29.1 HCs as mature B cells

• Express strong surface immunoglobulin
• All heavy-chain isotypes except IgE potentially

expressed; IgG3 predominant 
• Coexpression of multiple isotypes the result of RNA

splicing
• Often VH mutated without further clonal

evolution
• No clear biased usage of VH gene segments
• Lack naïve (e.g., CD23) and germinal centre antigens

(e.g., CD10, BCL-6)
• Do not express plasma-cell markers (MUM-1,

CD138, BLIMP 1)

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



such as CD11c, CD68c, CD103, HC-2, cyclin D1, and
TRAP, have also been associated with the activation of
certain lymphoid and non-lymphoid cell types.7

Interestingly, both the CD21 and CD24 markers, nor-
mally lost after B-cell activation, are expressed by HCs
only at low levels.6

OTHER DISTINCTIVE PHENOTYPIC FEATURES
In addition to the HC-“restricted” activation antigens
alluded to above, global gene-expression analysis has
identified a large number of new genes differentially
expressed by HCs as compared to normal memory 
B cells and a range of normal and malignant B-cell-
types.4 Genes of particular potential importance iden-
tified by this technology include those related to HC
morphology, to the long-known “monocytic” features
of HCs, to the adhesion and homing of the malignant
cells, and to their propensity to alter the extracellular
matrix of bone marrow and hepatic portal tracts. These
phenotypic features are listed in Table 29.3 and will be

considered further in the section dealing with the
pathology of the disease.

ACTIVATED SIGNALLING COMPONENTS
A number of signaling components are now known to
be activated in HCs. The so-far identified activation
signals and their likely mutual relationships are sum-
marized in Table 29.4. Some of these signals are tran-
sient and clearly originate from cell stimulation by
components of the in vivo microenvironment, but
some persist in vitro, suggesting that they are truly
constitutive. It is, however, not yet clear which of these
constitutive signals is a direct consequence of the still
unknown oncogenic event(s), and which are attributable
to autocrine cytokine production. The pathogenetic role
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Table 29.2 Activation features

Upregulated activation antigens
(e.g., FMC-7, CD22, CD25, CD72, CD40L)

Downregulation of antigens often reduced during
activation of other cells types (e.g., CD21 and CD24)

HC-”restricted” antigens probably indicative of activation
(e.g., CD11c, CD68, CD103, HC-2, cyclin D1 and TRAPa)

Surface microvilli and ruffles, relatively abundant 
basophilic cytoplasm, open nuclear chromatin

aTRAP 
 tartrate-resistant acid phosphatase.

Table 29.3 Newly identified differentially expressed
genes of potential pathogenetic importance 

Morphology related
pp52 (LSP-1), �-actin, Gas 7 and EPB4.IL-2

‘“Monocytic” features
annexin 1, CD63, CPVL, CD68, c-Maf

Unusual tissue distribution
CCR7 and CXCR5 chemokine receptors downregulated
TIMP-1, TIMP-4 and RECK matrix metalloproteinase 
inhibitors upregulated

Matrix remodeling
Overexpression of FGF-2 and FGFR1 confirm previous 
evidence for involvement of this autocrine loop in the 
stimulation of the production of HC-derived fibronectin
responsible for the bone marrow fibrosis of HCL

Table 29.4 Activation signals in HCs

Signal Possible origin Functional relevance

Elevated intracellular Release from intracellular stores in response Activation messenger 
[Ca2�] to autocrine cytokine. 

Influx via highly expressed and phosphorylated CD20

Increased protein Constitutively activated Src Downsteam activation of Rho GTPases,
tyrosine phosphorylation PKCs and MAP kinases

Active Rac and Cdc42 Src-activated GEF(s) Formation of surface ruffles and 
microvilli and downstream activation 
of MAP kinases

Activated PKCs Upstream activators Rgulation of MAP kinases and NF�B
include high [Ca2�],PLC-generated DAG and Src involved in cell survival and 

proliferation

Activated MAP kinases ERK activation constitutive and PKC dependent ERK provides a pro-survival signal 
p38 and JNK induced by external signals p38 is pro-apoptotic 
(e.g., TNF) and suppressed by active PKC� JNK stimulates CD11c expression via 

AP-1 complex formation

Activated NF�B Autocrine TNF and integrin signaling Stimulates IAP production. 
Suppression of IAPs involved in the 
�IFN-induced sensitivity of HCs 
to TNF killing



of these signals will be considered in the section deal-
ing with the pathology of the disease.

The first demonstration of a messenger that could
be responsible for the activated state of HCs was pro-
vided by Genot et al., who showed elevated [Ca2�] in
HCs and identified phosphorylated CD20 as an influx
channel involved in this Ca2� elevation.8,9 Ca2� /
calmodulin-dependent protein kinase II may be
responsible for the CD20 phosphorylation and for the
maintenance of Ca2� influx.9 Interestingly, HC treat-
ment with � interferon reduced CD20 phosphoryla-
tion and the cytosolic Ca2� level,10 and the authors
suggested that this might be a part of the mechanism
of the therapeutic action of this agent in HCL.

Increased expression of Src and high protein tyro-
sine kinase activity in HCs have also been recognized
for some time.11 More recently, it was demonstrated
that Src-dependent tyrosine phosphorylation is respon-
sible for downstream activation of many other signal-
ing components, including Rho GTPases,12 PKCs, and
MAP kinases.13 Rac and Cdc42, the two constitutively
active Rho GTPases in HCs, are responsible for the dis-
tinctive morphological features of these malignant
cells,12 as well as for their adhesive and motile behav-
ior on different substrates.14 In addition to regulating
cytoskeletal dynamics, Rac and Cdc42 are also likely to
be involved in the activation of MAPKs.15

PKC(s) involvement in activation of HCs has long
been suspected, as other B cells treated with phorbol
esters acquire HC-like morphology and TRAP expres-
sion. More recent work has revealed the presence in
HCs of at least six PKC isoforms, of which only PKC�

was consistently found to be strongly constitutively
active.13 Furthermore, PKCs were found to be crucially

involved in the regulation of MAPKs in HCs. Thus, HC
incubation with PKC inhibitors caused a rapid four-
fold increase in p38 MAP kinase activation and an
equally rapid downregulation of constitutive ERK
activity.13 This was followed by pronounced shorten-
ing of cell survival, a finding in accordance with the
proposed central role of the balance between activa-
tions of cytoprotective ERK and pro-apoptotic p38/
JNK in the regulation of cell survival.16

HCs produce large amount of TNF and possess both
TNFR1 and TNFR2.17,18 Autocrine TNF� increases cell
survival,19 but in the presence of �IFN this pro-survival
effect is converted to a pro-apoptotic one.20 This cell
killing is brought about by IFN-induced suppression of
IAP (inhibitors of apoptosis) production regulated by
the NF�B-dependent arm of TNF signaling. HC adhe-
sion to vitronectin and fibronectin stimulates IAP
production that is not inhibited by �IFN, and can
therefore provide relative protection of HCs from this
IFN-induced, TNF-mediated killing.20

Thus, intrinsic activation of malignant HCs is highly
relevant for both pathogenesis and therapy of HCL.
Therefore, studies of the signaling pathways involved
may suggest new therapies, and may give some insight
into the elusive nature of the primary oncogenic event(s)
responsible for the intrinsic activation and developmen-
tal arrest of HCs.

ADHESION RECEPTORS
HCs are highly adherent and, on some substrates,
spontaneously motile cells. This indicates that recep-
tors involved in the adhesion and motility of these cells
are constitutively activated. This conclusion is sup-
ported by the demonstration that HCs readily interact
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Table 29.5 Expression and function of HC adhesion receptors

Integrins (CD) Possible functions

Adhesion receptors
�4�1 (49d/29) Involved in binding to matrix (fibronectin, FN) and accessory cells 

via CD106 (VCAM)
�5�1 (49e/29) Involved, together with �4�1 in binding to, and assembly of, FN 

matrix
�M�2 (11b/18) Weakly expressed. Constitutes a monocytic feature of HCs and 

may be involved in endocytosis
�x�2 (11c/18) Diagnostically important. Receptor for a number of ligands, including 

ICAM-1 (CD54), but function in HCs unclear
�v�3 (51/61) Receptor for vitronectin (VN) and PECAM-1 (CD31). Important in HC 

motility
�E�7 (103/b7) Diagnostically important. Receptor for E cadherin, but function in HCL 

unclear

Other adhesion receptors
CD44 Highly expressed. HC receptor for hyaluronan 

Several isoforms expressed (VH3, V3, V6).
CD44H signals for FGF-2 (bFGF) production;
V3 (heparan sulphate-containing isoform) acts as a co-receptor with 
FGFR-1 for stimulation of HC FN production by FGF-2

L-selectin (62L) Little or no expression. Shed on cell activation
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with a number of extracellular matrix (ECM) compo-
nents including fibronectin (FN), vitronectin (VN), and
hyaluronan (HA) (see Table 29.5). On FN, HCs firmly
adhere and assume a spread morphology, whereas on
VN and HA they display polarized morphology and
pronounced motility.14,21 This spectrum of behavior is
likely to reflect both differences in the interaction of
various adhesion receptors with the activated cortical
cytoskeleton, as well as differences in signals generated
by these receptors upon ligand binding. With regard to
their interaction with FN, HCs are unique among B
cells because of their ability to synthesize this protein
and also to assemble it into matrix,22 in a process that
requires FN binding to activated �5�1 integrin.23,24

AUTOCRINE CYTOKINES 
Pathogenetically relevant cytokines produced by HCs
and their autocrine and paracrine effects are summa-
rized in Table 29.6. Among these, TNF, IL-6 and GM-
CSF have been reported to promote HC survival/prolif-
eration,25–27 while GM- and M-CSF affect malignant-cell
adhesion / motility.28,29 HCs also produce bFGF, TGF�,
and IL-10, which are involved in processes by which
HCs modify extracellular and cellular components of
their microenvironment. Thus, bFGF and TGF� are
respectively involved in the stimulation of FN produc-
tion by HCs and of collagen by fibroblasts.30,31

Moreover, TGF� can inhibit normal hematopoiesis
and also, together with IL-10, suppress the immune
functions of T cells and monocytes.32,33

In addition to responding to autocrine cytokines,
HCs possess a number of receptors for cytokines pro-
duced by other cells. Thus, IL-1 is known to upregulate
the surface expression of Ig and PCA-1 antigen by
HCs,34 while IL-4 and IL-15, alone or in synergy with
other growth factors, stimulate the cells to synthesize
DNA.35 HCs also possess IL-2 and IL-3 receptors;

expression of the IL-2 receptor (CD25) is of diagnostic
importance, but no functional effects of either IL-2 or
IL-3 have so far been demonstrated.

In summary, cytokines play a part in most, if not
all, pathogenetically important reactions of HCs,
including their clonal expansion, their distinctive tis-
sue homing and their influence on both cellular and
extracellular components of the invaded tissues. This
ultimately results in the suppression of both normal
hematopoiesis and immunity—the two most damag-
ing aspects of the disease. 

PATHOLOGY

The principal distinctive pathological features of HCL
(Table 29.7) have been known for more than 20 years,
but their pathogenesis has only recently started to be
defined. Thus, the cell-signaling and gene-expression
studies described above have now largely elucidated the
causes of the unusual morphology of HCs. Also, investi-
gations of the expression and function of adhesion
receptors, together with the identification of patho-
genetically important cytokines, have provided data
that could explain the predilection of HCs for homing

Table 29.6 Cytokines produced by HCs

Cytokine Receptors on HCs Comment

TNF-� TNFRI and RII present Involved in HC survival and response to IFN therapy

IL-6 Present Production may be induced by TNF. May participate in the proliferative 
effects of TNF

IL-10 Not studied Suppresses TH1 cytokine production

GM-CSF Receptor present Prolongs the survival of HCs and inhibits their motility

M-CSF Receptor present Stimulates chemokinesis and chemotaxis of HCs

bFGF Both FGFR1 and Involved in FN production by HA-adherent HCs. 
CD44v3 co-receptor May stimulate increased angiogenesis in HCL bone marrow
present

TGF� Not studied Elevated in HCL serum and BM. May be involved in suppression of the 
production and function of normal hematological cells, and stimulates 
BM fibroblasts to produce the collagen component of reticulin fibrosis

IFN� Receptor present Induces HC apoptosis in the absence of cell adhesion and may induce 
autocrine production of TNF

Table 29.7 Key pathological feature of HCL

• Pathognomonic HC
• TRAP expression by HCs
• BM infiltration and fibrosis
• Invasion of splenic red pulp and pseudosinus formation
• Hepatic infiltration with sinusoidal and portal tract 

involvement
• Lymph nodes relatively spared
• Cytopenias (especially monocytopenia), T-cell dysfunction

and immune defect
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to bone marrow, spleen and liver, while largely sparing
other lymphoreticular sites.

CYTOLOGY AND (IMMUNO)CYTOCHEMISTRY 
OF HAIRY CELLS
In stained films of blood and bone marrow, HCs
appear as distinctive large cells (15–30 	m in diameter)
with abundant light-blue cytoplasm and peripheral
hair-like protrusions. The nucleus is usually eccentric
and has relatively open chromatin with inconspicuous
nucleoli. HCs are unique among hemic cells in dis-
playing strong cytoplasmic staining for tartrate-resistant
acid phosphatase. Both the surface appearance and
TRAP positivity of HCs are the result of the intrinsic
activation described earlier. 

As at the level of the light microscope, the ultra-
structure of HCs corresponds to that of highly meta-
bolically active cells. Thus, HCs display only modest
peripheral nuclear chromatin condensation and pos-
sess abundant cytoplasm with plentiful mitochondria
and frequent ribosomes. A relatively specific ultra-
structural feature is the presence of ribosome–lamellar
complexes in a variable proportion of cells (Fig. 29.1).
Although these structures were described many years
ago,36 their nature and functions are still unclear. HCs
contain a large amount of F-actin, which supports the
prominent surface ruffles and microvilli best seen by
scanning electron microscopy (Fig. 29.2).

Recent studies have identified a number of mole-
cules which, by interacting with F-actin, may be
involved in the generation of the hairy appearance of
the malignant cells. These include pp52 (LSP-1), Gas-7,
and EPB4.1L2—recently found by gene microarray
analysis to be overexpressed in HCs (Table 29.3).4 pp52
has been previously found to be abundant in the 
F-actin-rich protrusions of HCs,37 while, by interacting

with F-actin, ectopically expressed Gas 7 induces
excessive surface projections and dramatic changes in
cell shape.38 EPB4.1L2 is also involved in the regula-
tion of cell shape through interaction with �-actin
underneath the plasma membrane.4

In addition to possessing a unique morphology, HCs
are unusual among lymphoid cells in displaying a spec-
trum of features normally associated with monocytes
and macrophages. HCs are able to phagocytose a range
of particles and microorganisms,39 a property that has
recently been linked to the specific upregulation of
annexin A1, CD68, and a novel serine carboxypeptidase
CPVL which was first identified in macrophages.40

Although the expression of CD11c is possibly an activa-
tion feature of HCs and is also found on certain other
lymphoid cell types, this integrin � chain, together with
CD63, is commonly regarded as a macrophage marker.
In addition, HCs have been shown to overexpress c-
Maf, a transcription factor linked to macrophage differ-
entiation.41 Finally, overexpression or underexpression
by HCs of a number of genes outlined in Table 29.3
could be relevant for the unusual tissue distribution of
HCs and for the matrix remodeling by the malignant
cells that are such distinctive features of HCL.

BONE MARROW
The bone marrow (BM) is variably infiltrated by widely
spaced HCs surrounded by clear areas, which impart a
halo appearance. This loose packing probably reflects
cell spreading on the altered ECM and has been
likened to a fried-egg appearance.42 This appearance is
also seen when HCs adhere to FN-coated surfaces in
vitro.43

In the BM microenvironment, the FN component
of the distinctive reticulin fibrosis is largely, if not
exclusively, synthesized by HCs themselves.22,30 As
mentioned above, adhesion receptors, together with
autocrine bFGF, play a key role in this matrix remodel-
ing. It has been demonstrated that in BM and hepatic

Figure 29.2 The surface structure of HCs. This scanning
electron micrograph shows the surface of two adjacent HCs.
Note the distinctive mixture of surface ruffles and microvilli

Figure 29.1 The ultrastructure of the ribosome–lamellar
complex. In the lower right part of this electron micrograph,
the R–L complex is sectioned longitudinally, while on the left
the complex is cut obliquely. The inset shows the complex in
transverse section. In three dimensions, the R–L complex
probably resembles a coiled roll of chicken wire
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portal tracts adhesion to hyaluronan via the standard
hematopoietic form of CD44 stimulates HCs to secrete
bFGF.30 This bFGF binds to both FGFR1 and CD44v3
on HCs and stimulates them to produce FN.30 Secreted
FN is then assembled into a matrix by a process involv-
ing �5�1 FN receptors on the malignant cells.22 The
importance of HA for the initiation of this process is
indicated by the absence of fibrosis in the infiltrated
red pulp of the spleen, which does not contain HA.

SPLEEN
The spleen is usually the major site of HC infiltration.
The malignant cells accumulate in the red pulp, while
the white pulp of the enlarged spleen is greatly reduced.
Within the sinuses of the red pulp, the HCs have a
propensity to replace the endothelium and to remodel
the sinuses so that they enlarge, forming the vascular
lakes or pseudosinuses pathognomonic of the disease.42

The mechanism of splenic homing is likely to involve
HC interaction with endothelium and also, via �V�3 inte-
grin, with VN present in the spleen.43 The candidate
chemoattractant to the red pulp is M-CSF produced by
macrophages,29 while the likely first step in vascular
remodeling is HC interaction with endothelial cells via
�4�1-to-VCAM binding.44 This is followed by replace-
ment of endothelial linings by HCs in a process that may
involve �V�3-mediated movement of HCs in between
and underneath endothelium. The likely binding part-
ners of �V�3 during this process could be PECAM on
endothelial cells and VN on basement membranes. The
tendency of HCs to remain confined to the vascular
spaces of the red pulp could possibly be explained by the
reduced or absent expression of the chemokine receptors
CCR5 and CXCR4, and by upregulation of the metallo-
proteinase inhibitors TIMP-1, TIMP-4 and RECK (Table
29.3).4 This could severely limit or abolish the ability of
HCs to receive stimuli for exit from the red pulp and to
employ metalloproteinases to traverse basement mem-
branes and invade other compartments of the spleen.

LIVER
Hepatic infiltration by HCs is a constant feature of
HCL, but the organ is usually not markedly enlarged,
and its general architecture remains intact. Both sinu-
soids and portal tracts are involved. In the sinusoids,
the HCs may lie free within the lumen or be closely
associated with the endothelium and adjacent hepato-
cytes.6 In the portal tracts, the infiltrate is associated
with marked fibrosis. This fibrosis is likely to involve
the same mechanisms as described for BM.30

LYMPH NODES
Although clinical lymphadenopathy is uncommon in
HCL, at postmortem some lymph node involvement is
usually found. The infiltration is paracortical and at
least some follicles are usually preserved.42 This rela-
tive sparing of lymph nodes may be the result of low or
absent L-selectin (CD62L)7 and CCR7.4

In advanced disease, prominent upper abdominal
lymphadenopathy may occur. The infiltrating HCs are
larger and of more immature appearance than typical
HCs, suggesting that such node enlargement is a con-
sequence of disease transformation.45

OTHER BLOOD CELLS
At presentation, most patients have evidence of sup-
pressed hematopoiesis. Abnormalities of monocytes, 
T cells, NK cells, dendritic cells, platelets, and neu-
trophils have all been described in HCL.6,46 Among
these, the monocytopenia of the disease and altered 
T-cell function have attracted particular attention
because of their potential contribution to the marked
immune deficiency present in active disease.

The cause of the almost complete absence of circu-
lating monocytes remains unclear. It has been pro-
posed that reduction in antigen presentation, as a
result of monocytopenia and reduced numbers of den-
tritic cells, is partly responsible for the defective
immune responses in HCL. However, since tissue
macrophages are plentiful,6 abnormalities of T cells and
of their interactions with antigen-presenting cells seem
to be of a greater importance. T-cell abnormalities
include both quantitative and qualitative defects.
Overall T-cell numbers are often reduced, the CD4� /
CD8� cell ratio is reversed, and the percentage of �� T
cells is frequently increased.47–49 Moreover, the response
of T cells to alloantigens in mixed lymphocyte cultures
is grossly abnormal.48,49 This abnormality has been
attributed to reduced or absent CD28 expression on a
large proportion of CD4�, as well as CD8+ cells.49

Among CD4� T cells, CD45RO� memory cells are
grossly reduced.50

Studies of the T-cell receptor (TCR) in HCL have
demonstrated oligoclonality in most patients, with a
markedly skewed repertoire of TCR�V genes.51 Moreover,
some gene segments of the normal repertoire were absent
from the T cells of HCL.49,52 Interestingly, �IFN treatment
leads to both the disappearance of the selected clones
and to a gradual full restoration of the normal TCR
repertoire,52 suggesting a direct influence of the malig-
nant cells on T-cell development in HCL. Some of the
apparently expanded clones are found to recognize anti-
gens overexpressed by (but not necessarily specific to)
HCs, as is the case with overexpressed synaptojanin 2.53

However, T cells that were found to be clonally expanded
in HCL seem to have no cytotoxic effect on the malig-
nant cells,54 and therefore are unlikely to have a benefi-
cial effect on disease progression. 

Thus, although abnormalities of the immune sys-
tem in HCL have over the years received considerable
attention, many questions regarding the immunobiol-
ogy of the disease remain to be answered. It should be
pointed out, however, that the clinical importance of
the immune system dysfunction in HCL has been sig-
nificantly reduced by the current successful early ther-
apy of the disease.
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CYTOGENETICS

The most important aspects of the cytogenetics of HCL
are given in Table 29.8. Although many karyotypic
abnormalities have been described,55 none are specific
and none are consistently found in all HCL patients.
Therefore, karyotypic analysis has not yet given any
insight into the primary oncogenic event(s) responsi-
ble for the disease.

As pointed out by Basso et al.,4 HCs and CLL cells,
unlike other malignant B cells, typically lack reciprocal
balanced chromosomal translocations. Since these
translocations are generated during Ig VDJ recombina-
tion, class switching and somatic hypermutation, their
absence supports the proposition that both HCL and
CLL are malignancies of mature memory B cells in
which these processes are switched off. 

HCL was the first hematological malignancy ana-
lyzed by comparative expressed sequence hybridiza-
tion (CESH) to chromosomes.56 This showed a consis-
tent expression profile of different chromosome
regions that carry a “splenic signature,” along with HC-
specific under-or overexpressed regions.56 Moreover,
these regions contained many genes which had also
been found to be differentially expressed by gene-array

analysis,4 and which encode proteins of potential
pathogenetic importance (Tables 29.2 and 29.3).
However, neither cytogenetics nor gene-expression
analysis have yet identified abnormalities common
to all HCL cases that could explain the remarkable
homogeneity of the disease, and at the same time pro-
vide clues concerning the events responsible for malig-
nant transformation and maturational arrest of HCs. 

Table 29.8 Cytogenetics of HCL

• No consistent or specific cytogenetic abnormality
• Absence of translocations suggests malignant 

transformation of post-GC-type cells
• Most frequent recurrent abnormalities involve 

chromosomes 5(trisomy 5, 5q13 aberrations) and 14 
(add (14)q(32) and del(14)(q)

• A range of other structural and numerical abnormalities 
of a number of chromosomes reported

• CESH profiling showed a uniform pattern of over- and
underexpression of chromosome regions consistent with
gene expression profiles established by DNA microarray
analysis

• Uniform clinicopathological, DNA microarray and CESH
profiles suggest that none of the described cytogenetic
abnormalities play a primary pathogenetic role
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CLINICAL PRESENTATION

Hairy cell leukemia (HCL) is a rare chronic lympho-
proliferative disorder, characterized by circulating B
lymphocytes displaying prominent cytoplasmic pro-
jections and infiltrating the bone marrow and the
spleen. The disease was first described as a distinct clin-
icopathologic entity in 1958 by Bourouncle et al., who
referred to the disorder as “leukemic reticuloendothe-
liosis”.1 The descriptive term “hairy cell leukemia” was
suggested by Schrek and Donnely in 1966.2

The typical patient is a Caucasian middle-aged man,
presenting with splenomegaly, pancytopenia, and
occasionally recurrent infections. Circulating hairy
cells are usually present in the peripheral blood.3

LABORATORY FINDINGS
Although the majority of patients are generally well at
the time of diagnosis, some present with symptoms
related to anemia, neutropenia, or thrombocytopenia
(Table 30.1). Pancytopenia is present in approximately
half of the patients, and the remaining half usually
exhibit a combination of cytopenias. In a series of 102
patients with HCL, 86 had anemia, 84 had thrombo-
cytopenia, and 78 were neutropenic at the time of
diagnosis.4 Approximately 25% of patients report
weakness and fatigue, 25% suffer from opportunistic
infections in the setting of neutropenia, and another
quarter have easy bruising from thrombocytopenia.
About 25% of patients are incidentally discovered to
have splenomegaly or an abnormal peripheral blood
count, at the time of evaluation for an unrelated con-
dition.5

Coagulopathy, manifested by TTP and anti-factor
VIII antibodies and paraproteinemia have been
reported in patients with HCL.6,7

PHYSICAL FINDINGS
Splenomegaly is present in 80–90% of patients with
HCL. The spleen is frequently massive, and palpable at

least 5 cm below the left costal margin in approxi-
mately 60% of patients.8 Early satiety or abdominal
fullness caused by splenomegaly is present is 25% of
patients at diagnosis.5

Hepatomegaly, rarely a significant finding, is pre-
sent in 20% of patients. Unlike many other lympho-
proliferative disorders, peripheral adenopathy is
uncommon at diagnosis, with fewer than 10% of
patients having lymph nodes larger than 2 cm.
However, with the advent of computed tomography
and other diagnostic imaging modalities, significant
internal adenopathy can be demonstrated in about
30% of patients. Although not common at diagnosis,
internal lymphadenopathy may develop after a pro-
longed disease course9 and is present in 75% of
patients at autopsy.10 Such characteristic localization
of HCL is likely due to the expression of the integrin
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Table 30.1 Clinical features of hairy-cell leukemia

Clinical symptoms
Fatigue 25% 
Repeated infections 25%

Abnormal findings on physical examination
Splenomegaly 80–90%
Hepatomegaly 20–35%
Lymphadenopathy 25%

Laboratory abnormalities
Circulating hairy cells 90%
Pancytopenia 70%
Anemia 80%
Thrombocytopenia 70–80%
Neutropenia 80%
Leukemic phase 20%
Liver function abnormalities 20%
Azotemia 27%
Hypergammaglobulinemia 18%

Other findings
Osteolytic bone lesions 3%
Autoimmune diseases rare
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receptor, �4�1, by the hairy cells and its interaction
with the vascular adhesion molecule-1 (VCAM-1)
found on splenic and hepatic endothelia, bone mar-
row, and splenic stroma.11

Spontaneous splenic rupture, spinal cord compres-
sion with paralysis due to neuronal infiltration by
leukemic cells, protein-losing enteropathy from bowel
infiltration by leukemic cells, esophageal perforation,
uveitis, serous and chylous ascites, and pleural and
pericardial effusion have been described in patients
with HCL.12–14

INFECTIOUS COMPLICATIONS
Significant neutropenia and monocytopenia predis-
pose patients with HCL to infections from a wide vari-
ety of typical and opportunistic organisms.15 Infections
with Mycobacterium kansasii, Pneumocystis carinii,
aspergillus, histoplasma, cryptococcus, Listeria monocy-
togene, and Toxoplasma gondii have been described.15–17

In addition to neutropenia and monocytopenia, the
milieu making patients susceptible to infections
includes T-cell dysfunction, decreased numbers of den-
dritic and antigen-presenting cells, as well as impaired
interferon production by mononuclear cells.18–21

ASSOCIATION WITH AUTOIMMUNE PHENOMENA
The association between HCL and autoimmune disor-
ders such as scleroderma, polymyositis, Raynaud’s
phenomenon, and various vasculitis, has been
described.22,23 Among the vasculopathic syndromes
polyarteritis nodosa represents the most frequently
associated disorder, with 18 cases reported so far. It has
been suggested that a common membrane antigen
expressed in leukemia cells and vascular endothelium
may lead to a vasculitis by generating cross-reacting
antibody.24 Four cases of scleroderma in the setting of
HCL have been reported.25–27 It has been postulated
that sarcoidosis may be induced directly through hairy

cell antigen-mediated activation of T cells or indirectly
through promotion of the nonspecific inflamatory
response.27 The presence of cutaneous lesions, such as
erythematous maculopapules and pyoderma gan-
grenosum, have been noted in patients with HCL.28–30

BONE LESIONS
About 3% of patients with HCL present with painful
bony lesions, most commonly involving the proximal
femur. Diffuse osteoporosis, focal and diffuse
osteosclerosis, as well as lytic lesions of the skeleton
have been described in patients with HCL. Patients
who suffer from such skeletal complications tend to
have higher tumor burden, with the marrow being dif-
fusely infiltrated by hairy cells.31–33

DIAGNOSIS

The initial evaluation of a patient with HCL includes a
history and physical examination, a complete blood
count with differential count, review of the peripheral
blood smear, routine serum electrolytes, blood urea
nitrogen and creatinine, hepatic transaminases, a bone
marrow aspirate and core biopsy, and immunopheno-
typing by flow cytometry of peripheral blood or bone
marrow aspirate.

HISTOPATHOLOGY
Peripheral blood and bone marrow
Hairy cells can be identified in Wright’s-stained blood
smears from almost all patients with HCL, although
the number of circulating hairy cells is usually low. The
bone marrow is often inaspirable, resulting in a “dry
tap”. However, when aspiration is successful, hairy cells
are morphologically similar to those in the blood. 

The morphologic features of hairy cells are distinc-
tive, Figure 30.1(a). They are approximately one to two
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Figure 30.1 (a) Peripheral smear of a patient with hairy-cell leukemia, demonstrating classic feature of the hairy cells,
including bean-shaped nucleus, homogenous, ground-glass chromatin, and abundant pale blue cytoplasm with “hairy” 
projections. Presence of leukocytosis is atypical for HCL. (b) Bone marrow trephine biopsy of a patient with hairy-cell leukemia,
showing diffuse infiltration of hairy cells with abundant pale cytoplasm



times the size of a small lymphocyte, with nuclei that
appear round, oval, indented, monocytoid, and occa-
sionally convoluted.34 The chromatin pattern is net-
like in appearance and nucleoli are indistinct or
absent. The amount of cytoplasm varies from scant to
abundant and is pale blue-gray in color. The cytoplas-
mic borders are irregular and exhibit fine, hair-like pro-
jections or irregular borders. Occasionally, cytoplasmic
granules are present. Examination of the bone marrow
biopsy is important in the diagnosis of HCL because of
its characteristic histopathology.35–38 In most patients,
the bone marrow is hypercellular, although the cellu-
larity may be normal or decreased, Figure 30.1(b). Hairy
cell infiltration is diffuse, patchy, or interstitial, or a
combination of these patterns. In patients with diffuse
involvement, large areas of the bone marrow are
replaced by hairy cells, with complete effacement of
marrow in some patients. With patchy infiltration,
subtle, small clusters of hairy cells are present focally
or scattered throughout the bone marrow. Unlike most
lymphomas, the hairy cells do not form well-defined,
discrete aggregates; instead, they merge subtly with
the surrounding residual hematopoietic tissue. In the
interstitial pattern of involvement, variable numbers
of hairy cells infiltrate between normal hematopoietic
cells and fat, leaving the overall bone marrow architec-
ture preserved. Hairy-cell nuclei in sections are round,
oval, or indented and typically are widely separated
from each other by abundant, clear, or lightly
eosinophilic cytoplasm; rarely, the cells are convoluted
or spindle shaped, Figure 30.2(a). The nuclear chro-
matin is lightly condensed, nucleoli are inconspicu-
ous, and mitotic figures are rare or absent. Extravasated
red blood cells are often observed. Reticulin stains of
the bone marrow trephine biopsy in HCL show a moder-
ate to marked increase in reticulin fibers, Figure 30.2(b).
Normal hematopoietic cells are usually decreased in
HCL, with granulocytes being typically more severely
reduced than erythroid precursors and megakary-
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ocytes. In about 10–20% of patients with HCL, the
bone marrow is hypocellular. The hypocellularity may
be severe and may strongly resemble aplastic anemia.39

Spleen and other sites
The spleen in patients with HCL is usually enlarged,
with a median weight of 1300 g.40 Splenic involve-
ment in HCL is characterized by diffuse infiltration of
the red pulp cords and sinuses, with atrophy or
replacement of the white pulp. Blood-filled sinuses,
referred to as “pseudosinuses”, lined by hairy cells, are
often present, but are not pathognomonic of HCL.41

The liver shows both sinusoidal and portal infiltration
by hairy cells. Involved lymph nodes commonly
exhibit partial effacement, with hairy cells infiltrating
the paracortex and medulla in a leukemic pattern. The
hairy cells often surround residual lymphoid follicles
and extend through the capsule.

CYTOCHEMISTRY
Cytochemical studies demonstrating tartrate-resistant
acid phosphatase (TRAP) activity, traditionally have
been used to confirm the diagnosis of HCL, although the
routine use of immunophenotyping for the diagnosis of
chronic lymphoproliferative disorders has diminished
reliance on the TRAP stain. Immunohistochemical
stains for TRAP are also available and can be used in
paraffin-embedded sections to demonstrate the activity
of this enzyme. Similar to cytochemistry, a positive
immunohistochemical stain is not pathognomonic for
HCL; positivity has been reported in systemic mastocy-
tosis and Gaucher’s disease.42 However, the presence of
cells positive for both CD20 and TRAP activity confirm
the diagnosis of HCL.

IMMUNOPHENOTYPIC PROFILE
Flow cytometric immunophenotyping is a critical part
of the diagnostic evaluation of HCL, and helps to dis-
tinguish it from other lymphoproliferative disorders.

a b

Figure 30.2 (a) Bone marrow trephine biopsy showing hairy cells with spindle shape nuclei. (b) Bone marrow trephine
biopsy stained for reticulin, demonstrating extensive fibrosis surrounding the  individual hairy cells, typical for HCL



As hairy cells exhibit distinctive light scatter character-
istics and immunophenotype Figure 30.3, they are
identified by peripheral blood flow cytometry in most
of the patients with HCL, even when the HC represent
less than 1% of lymphocytes.43 This observation is use-
ful at the time of diagnosis and after therapy to assess
residual disease.44,45

Hairy cells show bright CD45 expression with
increased forward and side scatter, resembling that of
large lymphocytes or monocytes. They express one or
more heavy chains and monotypic light chains. The
number of cases expressing either kappa or lambda
light chains is approximately equal.43,46

Hairy cells strongly express the pan B-cell antigens
CD19, CD20, CD22, and CD79b.47 They also express
high levels of CD11c, CD25, FMC7, and CD103 surface
antigens.43,48 The CD11c antigen, the 150-kD � chain of
the 150/95 �2-integrin normally expressed on neu-
trophils and monocytes, is expressed at levels 30-fold
higher than those in chronic lymphocytic leukemia.49,50

CD25, the � chain of interleukin-2 (IL-2) receptor, is
expressed in HCL, while the �-chain of IL-2 receptor is
expressed in variant HCL.51 Serum levels of soluble IL-2
receptor can be monitored in HCL patients and corre-
lates with disease activity following treatment.52

CD103 has the greatest sensitivity and specificity for
HCL. CD103 is a �E subunit of the �E�7-integrin, also
known as human mucosal lymphocyte 1 (HML-1) anti-
gen due to its primary expression by intraepithelial T
lymphocytes. This integrin is believed to be involved in
the process of lymphocytes homing and adhesion.53

CD123, a monoclonal antibody that identifies �

chain of human interleukin-3 receptor, is expressed in
HCL cells as well as in other acute leukemias and a
variety of normal hematopoietic cells. Recently,
CD123 was determined to be a useful marker for dis-
tinguishing HCL from hairy-cell leukemia variant and

marginal zone splenic lymphoma, with 91–96% sensi-
tivity and 97–100% specificity.54

In a small study of nine patients with HCL, CD52 was
expressed in most leukemic cells in all the patients.
Specifically, greater than 92% of HC stained positive in
all nine cases, while 99% positivity was observed in six.
The presence of CD52 on HC provides a theoretical basis
for use of targeted therapy, such as the monoclonal anti-
body alemtuzumab, for the treatment of HCL.55 CD10
(CALLA antigen) and CD5 are weakly expressed in 26%
and 5% of patients with HCL, respectively. 

IMMUNOHISTOCHEMISTRY
Several B-cell associated antibodies, including CD20,
CD79a, and DBA.44, can be used in routinely processed
paraffin tissue sections of the bone marrow to detect
hairy cells, Figure 30.4. Although these antibodies are
not specific for HCL, they can be used to document the 
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Figure 30.3 Flow immuno-
cytometry of a patient with
HCL. Hairy cells (red) express
B-cell antigens CD19/CD20,
� light-chain restriction and
are positive for CD11c and
CD25. CD10 positivity is
noted in the minority of
patients with HCL

Figure 30.4 Immunohistochemistry stain (MB2) of bone
marrow trephine biopsy indicating that hairy cells are of B-
cell origin



B-cell nature of the infiltrate and highlight the extent
of bone marrow infiltration at the time of diagnosis
and following therapy.56,57 Immunohistochemical
techniques can also be used to evaluate bone marrow
sections for TRAP.42

GENE PROFILE
Genetic and molecular events leading to the develop-
ment of HCL are not well established. Cytogenetic data
confirmed by comparative genomic hybridization stud-
ies show that the majority of HCL cases have a normal,
or at least balanced karyotype.58–60 Abnormalities
involving chromosomes 1, 2, 3, 4, 5, 6, 11, 13, 14, 15,
17, 19, and 20 have been reported. Among a few recur-
rent aberrations, are abnormalities of chromosome 5
(trisomy 5, 5q13) and chromosome 14 (add (14)(q32)
and del (14)(q)).61–63 Overexpression of cyclin D1,
found in about 50–75% of HCL cases, is not associated
with genomic rearrangement of 11q13/BCL1.64

Mutated VH gene status in HCL cells suggests that
HCL originates from an antigen-experienced memory
B-cell subset. The mutation pattern and gene usage
resemble that for reactive marginal zone (MZ) B cells, par-
ticularly their mutated subset, and MALT-type MZL.60,65

ELECTRON MICROSCOPY
By electron microscopy inspection, hairy cells have
circumferential cytoplasmic projections and a few
blunt microvilli.66 Ribosomal lamella complexes,
cylindrical cytoplasmic inclusions composed of a cen-
tral hollow space surrounded by the multiple parallel
lamellae with ribosomal-like granules in the inter-
lamellar space, are discovered in 50% of patients with
HCL by electron microscopy.67 However, such com-
plexes are not pathognomonic for HCL, and have been
described in other lymphoproliferative disorders.68

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of HCL includes other B-cell
lymphoproliferative disorders, and systemic mastocy-
tosis (SM) (see Table 30.2 and 30.3). 

HAIRY CELL LEUKEMIA VARIANT
HCLv is a rare clinicopathologic entity first described in
1980. Most patients with HCL reported from Japan also
exhibit features similar to those of the HCLv.69,70 Unlike
HCL, HCLv is associated with prominent leukocytosis,

lack of male preponderance, aspirable bone marrow
with lack of fibrosis, and absence of monocytopenia.
The neoplastic cells express surface immunoglobulins
with Ig light-chain restriction as well as pan-B cell anti-
gens CD19/20. They are negative for CD5, CD10, and
CD25 antigens, while CD103 and CD11c may be posi-
tive. The bone marrow typically shows an interstitial
infiltrate accompanied by an intrasinusoidal compo-
nent. Similar to HCL, HCLv cells have a villous cyto-
plasm; however, they generally exhibit a more con-
densed chromatin, higher nuclear-to-cytoplasm ratio,
and more pronounced central nucleoli than do the cells
in patients with HCL Figure 30.5.71 TRAP staining of
HCLv cells is negative.54 The biologic relationship
between HCLv and HCL remains unknown.
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SIg � (dim) � � � �

CD19 � � � � �

CD20 � (dim) � � � �

CD22 �/� � � � �

FMC7 � � � �

CD79b � � � � �

CD5 � �/� � � �

CD23 � �/� � �

CD25 �/� � � � �

CD11c �/� � � �/� �/�

CD103 � � + � �/�

CD10 � � � � �

Table 30.3 Differential diagnosis of hairy-cell leukemia

Immunophenotype of B-cell chronic lymphoid leukemias

Antigen CLL B-PLL HCL SMZL HCL-v

� 
 most cases are positive for the antigen; � 
 most cases are
negative; �/� 
 cases are variably positive; CLL 
 chronic
lymphocytic leukemia; PLL 
 prolymphocytic leukemia; HCL 

hairy cell leukemia; sIg 
 surface immunoglobulin.

Table 30.2 Differential diagnosis of hairy-cell leukemia

Hairy cell leukemia variant (HCLv)
Polyclonal hairy B-cell lymphoproliferative disorder (HBLD)
Splenic marginal zone lymphoma (SMZL)
Systemic mastocytosis (SM)
Chronic lymphocytic leukemia (B-CLL)

Figure 30.5 Peripheral smear of a patient with hairy-cell
variant, demonstrating abundant cytoplasm with irregular
borders and visible nucleoli (in contrast to HCL)
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POLYCLONAL B-CELL LYMPHOPROLIFERATIVE
DISORDER
An entity called polyclonal hairy B-cell lymphoprolifer-
ative disorder (HBLD) has been described in Japan.72,73

All of the patients were females, had splenomegaly and
minimal or no lymphadenopathy; persistent lympho-
cytosis was noted in all the patients, some having ane-
mia and thrombocytopenia. Abnormal lymphocytes
present in the peripheral blood and bone marrow had
round nuclei and abundant pale cytoplasm with long
microvilli and prominent membranous ruffles. They
expressed CD5� CD10� CD11c� CD19� CD20�

CD23� by flow cytometry studies. Although these find-
ings were similar to those of HCL, the surface marker of
the kappa and lambda chains was unbiased and studies
of immunoglobulin gene rearrangements and expres-
sions showed a polyclonal proliferation of B cells.73

SPLENIC MARGINAL ZONE LYMPHOMA
The clinical presentation of patients with splenic mar-
ginal zone lymphoma (SMZL) may resemble that of
HCL, including massive splenomegaly and absence of
lymphadenopathy. However, unlike HCL, lymphocy-
tosis is common, the lymphocytes exhibit more
basophilic cytoplasm, and the cytoplasmic projections
are subtle or absent; TRAP staining is usually negative

or only weakly positive.34,74 Both HCL and SMZL cells
are of B-cell lineage and are CD19 and CD20 positive,
with Ig light-chain restriction, as well as CD10 and
CD5 negative. However, the SMZL cells are usually
CD103 and CD123 negative.54,75–77 The bone marrow
infiltrates are sharply demarcated from the surrounding
normal tissue, and intrasinusoidal infiltration is often
prominent, Figures 30.6(a) and (b). In addition, sections
of spleen show predominantly white pulp involvement
resembling that of low-grade lymphoma.74

SYSTEMIC MASTOCYTOSIS
Infiltrates of systemic mastocytosis in the bone mar-
row may closely resemble that of HCL. However,
immunohistochemical studies show that the mast
cells, unlike hairy cells, are negative for B-cell antigens,
but react with mast cell tryptase.78

CHRONIC LYMPHOCYTIC LEUKEMIA
Finally, aged blood from patients with B-cell chronic
lymphocytic leukemia (B-CLL) may demonstrate artifac-
tual cytoplasmic projections due to cytoplasmic distor-
tion. Leukocytosis in CLL is usually more pronounced
than in HCL, and monocytopenia is typically absent. In
addition, CLL has a distinct phenotypic profile differen-
tiating it from HCL, including CD5 positivity.79
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Figure 30.6 Bone marrow trephine biopsy of a patient with splenic marginal zone lymphoma showing (a) focal lymphoid
aggregates and (b) immunostaining for CD20 delineates intrasinusoidal and interstitial infiltration by lymphocytes
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INDICATIONS FOR TREATMENT
AND INITIAL TREATMENT
APPROACH TO HAIRY 
CELL LEUKEMIA
Alan Saven, Andrew P. Hampshire and 
Lyudmila Bazhenova

INDICATIONS FOR TREATMENT

Hairy cell leukemia is an indolent lymphoproliferative
disorder, which, prior to the advent of successful sys-
temic therapy, had a median survival of 53 months.
Approximately 10% of the patients diagnosed with this
disorder never require therapy. This population is char-
acterized by older age, smaller spleen size, and minimal
circulating hairy cells.1 The following criteria, though
not validated, are commonly accepted as appropriate
indications for therapy: neutropenia characterized by an
absolute neutrophil count (ANC) �1 � 109/L, anemia
with a hemoglobin �10 g/dL, or thrombocytopenia
�(50–100)�109/L, recurrent serious infections, or symp-
tomatic splenomegaly. Much less commonly, bulky or
painful lymphadenopathy, constitutional symptoms
including fevers, chills, sweats, or weight loss, vasculitis,
bone involvement, or leukocytosis with a high propor-
tion of circulating hairy cells (white cell count �20 �

109/L) are also indications for treatment. Bone marrow
involvement, no matter what the degree, is not an indi-
cation for therapy in the absence of peripheral blood
cytopenias. The early initiation of therapy results in nei-
ther a survival nor a response benefit. Therefore, a strat-
egy of careful observation is appropriate in patients who
do not meet these criteria for the initiation of therapy.

INITIAL TREATMENT APPROACH 

In the past, treatment decisions regarding the initial
therapy for hairy cell leukemia evaluated the merit of a
12-month course of interferon-� versus that of splenec-
tomy. However, the success of 2-chlorodeoxyadenosine
(2-CdA; cladribine) and 2�-deoxycoformycin (DCF;
pentostatin) has relegated both interferon and

splenectomy to be used only in certain uncommon
clinical situations.

2-CHLORODEOXYADENOSINE
Mechanism of action
Lymphocytes possess high levels of deoxycytidine
kinase. Cells low in adenosine deaminase activity accu-
mulate deoxypurine nucleotides, and cell death ensues.
This is similar to the situation in severe combined
immunodeficiency syndrome, in which one-third of
children exhibit an adenosine deaminase deficiency.
These observations led to the development of cladrib-
ine, or 2-CdA, by Professor Dennis Carson in 1980.2

Cladribine is a purine nucleoside characterized by the
substitution of chlorine for hydrogen at position 2 of
the purine ring. This substitution confers resistance to
cladribine from the action of adenosine deaminase.
The high activity of deoxycytidine kinase in lympho-
cytes, in combination with the resistance to adenosine
deaminase, drives the conversion and intracellular
accumulation of 2-CdA triphosphate and its subse-
quent incorporation into the lymphocyte’s DNA (see
Figure 31.1). Once these nucleotides become incorpo-
rated into DNA, strand breakage ensues, leading to cell
death. Cladribine is toxic to both resting and dividing
lymphocytes, making it a therapeutically attractive
candidate in low-grade lymphoproliferative disorders.

Treatment results
The first use of cladribine in the treatment of hairy cell
leukemia was published in 1987 by Carrera et al.3 In
1990, investigators at Scripps Clinic in La Jolla
reported on 12 patients with hairy cell leukemia
treated with a single 7-day course of 2-CdA at a dose of
0.1 mg/kg daily by continuous intravenous infusion;
11 of the 12 patients achieved a complete response
(CR), and the remaining patient had a partial response
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(PR); on follow-up, none of the patients had relapsed,
with a 15.5-month median remission duration.4

These encouraging results led to further investiga-
tions, and in 1998, Saven et al. published the long-
term follow-up of 358 patients treated with a single
course of continuous intravenous infusion of 2-CdA
for 7 days.5 Ninety-one percent of their 349 evaluable
patients achieved a CR, with resolution of peripheral
cytopenias (i.e., ANC �1.5�109/L, hemoglobin �12
g/dL, and platelets �100�109/L), no evidence of hairy
cells morphologically in the bone marrow, and resolu-
tion of all adenopathy and splenomegaly. Seven per-
cent of the patients achieved a PR, for an overall
response rate (ORR) of 98%. Twenty-six percent of
these patients relapsed at a median of 29 months from
therapy. An additional CR was achieved in 62% of the
relapsed patients who were treated with a second
course of 2-CdA; 26% of these retreated patients
achieved a PR. The treatment failure rate at 48 months
was 18.7% with a 96% overall survival at 48 months.

Goodman et al. reported in 2003 on the extended
follow-up of these patients treated at Scripps Clinic.6 Of
the 209 patients treated at that institution with at least
7 years of follow-up, there was a 95% CR rate and a 5%
PR rate. The median response duration was 98 months.

Of the 37% experiencing a relapse, the median time to
relapse was 42 months. Of these relapsed patients
treated with a second course of 2-CdA, 75% achieved a
CR and 17% a PR. The overall survival at 108 months
was 97%.

These excellent response rates and response dura-
tions with the use of a single infusion of cladribine
have been confirmed in other single-institution series
(see Table 31.1). In 1992, Estey et al. reported on 46
patients with hairy cell leukemia treated at MD
Anderson Cancer Center, Houston, TX.7 They deliv-
ered the 2-CdA by continuous intravenous infusion at
a dose of 40 mg/m2 per day for 7 days; the CR rate was
78% and the PR rate was 11%. Only one patient
relapse was observed in the group of responding
patients, but follow-up was limited at 37 weeks. 

In 1996, Tallman et al. described the experience at
Northwestern University in 52 consecutive patients
with a 2-CdA treatment protocol of 0.1 mg/kg per day,
by continuous intravenous infusion for 7 days.8 They
observed an 80% CR rate with an 18% PR rate.
Fourteen percent of the patients relapsed at a median
of 24 months. Of five patients retreated with a second
course of 2-CdA, two patients achieved a CR and three
a PR. The overall survival at 4 years was 86%. Hoffman
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Figure 31.1 (a) Normal pathway for deoxynucleotide metabolism and the mechanism
of action of 2�-deoxycoformycin (pentostatin). Deoxyadenosine is normally converted to
deoxyinosine through the action of adenosine deaminase. In the congenital absence of
adenosine deaminase (such as in severe combined immunodeficiency), or in the presence
of DCF, a potent direct inhibitor of adenosine deaminase, deoxyadenosine triphosphate
accumulates because of the high ratio of deoxycytidine kinase (dCK) relative to 5’-
nucleotidase (5�-NT). This accumulation of deoxyadenosine triphosphate results in cell
death. (b) Mechanism of action of 2-chlorodeoxyadenosine (cladribine). 2-CdA enters the
cell through an efficient transport system. It is resistant to the action of adenosine deami-
nase. Because of the high ratio of deoxycytidine kinase to 5’-nucleotidase in lymphocytes,
2-chlorodeoxyadenosine triphosphate accumulates and results in DNA strand breaks,
leading to cell death



et al. reported in 1997 on 49 patients with hairy cell
leukemia treated at Long Island Jewish Medical Center,
with a single 7-day continuous infusion of 2-CdA.9

They reported a 76% CR rate and a 24% PR rate. At 55-
months median follow-up, there was an 80% relapse-
free survival rate and a 95% overall survival rate.

In the largest study on the use of 2-CdA to treat
hairy cell leukemia, Cheson et al. reported in 1998 on
979 patients treated through the Group C protocol
mechanism at the National Cancer Institute.10 Of 861
evaluable patients, a CR was obtained in 50% and a PR
in 37%. The relapse rate at a median follow-up of 52
months was 12%. Although the CR in this study,
which the authors felt approximated general clinical
practice to a greater degree than single-institution
studies, was lower, this may have been related to the
lack of central pathology review.

Finally, in a British study published in 1999, Dearden
et al. from the Royal Marsden Hospital in London
described their long-term results with both pentostatin
and cladribine  in patients with hairy cell leukemia.11

Forty-five patients were treated with cladribine, with
84% achieving a CR, and a 16% PR rate was observed. At
45 months, the relapse rate was 29%.

Despite the durability of the responses generated by
cladribine, it is clear that a proportion of patients in
apparent CR without morphologic evidence of resid-
ual disease in the bone marrow actually have demon-
strable disease when more sensitive tests to detect min-
imal residual disease are used. In a study reported by
Hakimian et al. from Northwestern University, 5 of
their 24 patients in apparent CR 3 months after treat-
ment with 2-CdA had residual disease when paraffin
blocks of their bone marrows were stained with anti-
CD20 and anti-CD45Ro antibodies.12 In a separate
investigation, 154 complete remission bone marrow

biopsies from HCL patients treated with 2-CdA at
Scripps Clinic were analyzed with anti-CD20 and
DBA.44 immunostains.13 Overall, 50% of the biopsies
exhibited staining with anti-CD20 and/or DBA.44 in
hairy cells, indicating residual disease. However, in
those patients with immunophenotypic minimal
residual disease and normal peripheral blood counts,
there was no documented increase in the number of
marrow hairy cells on serial bone marrow evaluation.
So, although it is clear that a significant proportion of
patients in morphologic CR actually harbor minimal
residual disease, the clinical significance of this finding
remains unclear.

In summary, a single course of cladribine given as a 7-
day continuous intravenous infusion induces a com-
plete remission in a high proportion of patients who
meet the indications for therapy. The ORR approaches
100%. With extended follow-up, the responses achieved
are durable, and the majority of patients with relapsed
disease achieve further responses with retreatment.
However, even with extended follow-up, there is no
clear plateau on the time to treatment failure curve, and
it remains to be seen to what extent 2-CdA represents
curative therapy.

Alternate methods of administration
A variety of different 2-CdA routes and schedules of
administration have been investigated in an attempt
to reproduce the high response rates seen with the 7-day
continuous infusion schedule while also decreasing
the associated myelosuppression and improving con-
venience of administration. On the basis of their earlier
pharmacokinetic studies revealing a terminal half-life
of 7–10 h for 2-CdA, Juliusson et al. reported in 1995
on their experience in hairy cell leukemia with daily
subcutaneous injections of 2-CdA for seven consecutive
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Table 31.1 Trial results of 2-CdA in hairy cell leukemia 

Author Institution Year N CR PR ORR Relapseb F/U

Carrera3 Scripps Clinic 1990 12 92% 8% 100% 0 16 months

Saven5 Scripps Clinic 1998 349 91% 7% 98% 18.7% 48 months 

Goodmana,6 Scripps Clinic 2003 207 95% 5% 100% 37% �84 months 

Estey7 MDACCc 1992 46 78% 11% 89% 2.4% 37 weeks 

Tallman8 Northwestern 1996 52 80% 18% 98% 28% 48 months 

Hoffman9 LI Jewishd 1997 49 76% 24% 100% 20% 55 months 

Cheson10 NCIe 1998 861 50% 37% 87% 12% 52 months

Dearden11 Royal Marsdenf 1999 45 84% 16% 100% 29% 45 months 

a Study reports on the subset of patients previously reported by Saven et al.5 with more than 7 years of follow-up.
b Relapse is reported within the follow-up period listed.
c MD Anderson Cancer Center, Houston, TX.
d Long Island Jewish, New York.
e National Cancer Institute.
f Royal Marsden Hospital, London, England



days.14 They documented a CR rate of 81% in their 73
patients, similar to the excellent rates achieved with
continuous intravenous infusion. In addition, they did
not observe significant injection site reactions.

Lauria et al. treated 25 hairy cell leukemia patients
who had severe cytopenias (ANC �1.0 � 109/L prior to
therapy) with a regimen of weekly 2-CdA, dosed at
0.15 mg/kg intravenously for 6 weeks.15 They
observed a CR in 76% of their patients, a PR in 24%,
and only a 16% incidence of severe neutropenia (ANC
�0.5 � 109/L). The median duration of response in
these 19 patients, however, was only 15 months.
Liliemark et al. studied the feasibility of delivering 2-
CdA by the oral route.16 In 13 patients with B-cell
chronic lymphocytic leukemia (CLL) and low-grade
non-Hodgkin’s lymphoma (NHL), they delivered intra-
venous, subcutaneous, and oral preparations of 2-CdA
(either in liquid or capsule form) in an alternating
fashion. On the basis of pharmacokinetic data, they
concluded that an AUC resembling that of a 2-h intra-
venous infusion could be obtained with an oral prepa-
ration at double the dose.

There have been additional investigations using 2-
CdA delivered as a 2-h intravenous infusion in other
low-grade lymphoproliferative disorders, including
CLL, NHL, and lymphoplasmacytic lymphoma. These
investigations have all documented equivalent feasi-
bility and tolerability. However, there have not been
any comparative studies of 2-CdA demonstrating a
superiority of any alternate mode of delivery over the
traditional 7-day continuous intravenous infusion in
hairy cell leukemia. Because of the excellent long-term
efficacy and safety data using this route and schedule,
0.1 mg/kg of 2-CdA delivered by continuous intra-
venous infusion daily for 7 days remains the regimen
of choice. 

Acute toxicity
The major acute toxicity of 2-CdA is myelosuppression.
In their long-term follow-up study, investigators at
Scripps Clinic noted a 16% incidence of Grade 3 and a
71% incidence of Grade 4 neutropenia in the first 135
consecutive treated patients.5 Ten percent  had Grade 
3 and 10% had Grade 4 thrombocytopenia. Grade 3
anemia occurred in 20% and Grade 4 in 2%. Forty-two
percent developed neutropenic fever, though in only
13%, was an infection documented. Of these, the most
common infecting organism was Staphylococcus, usually
associated with the indwelling intravenous catheter.
Although there were several oral herpetic infections and
acute dermatomal herpes reactivations, no fungal infec-
tions were found. This high rate of neutropenia with cul-
ture negative neutropenic fever was also noted at similar
rates in other single-institution series with 2-CdA.
Despite the frequency of myelosuppression, additional
acute toxicities were uncommon. There were no signifi-
cant rates of nausea, vomiting, alopecia, myalgias, neu-
ropathy, or allergic reactions.

Given the high rate of febrile neutropenia following
cladribine therapy for hairy cell leukemia, Saven et al.
studied the efficacy of filgrastim priming, followed
sequentially by 2-CdA and later by daily filgrastim at 
5 	g/kg until an ANC of �2 � 109/L for two consecu-
tive days was achieved.17 Even though the median
nadir ANC increased significantly over historical con-
trols, and the median number of neutropenic days was
9 (compared to 22 among historical controls), no sig-
nificant improvement in the percentage of febrile
patients, number of febrile days, or hospitalization
rates for febrile neutropenia was observed.

Delayed toxicity
The delayed toxicity profile of 2-CdA in hairy cell
leukemia is dominated by its immunosuppressive
effects. CD4� lymphocyte counts become suppressed,
and remain so for prolonged periods, after a single 7-day
continuous course. The most common late infection
in all series was recurrent dermatomal herpes zoster.
The severity, duration, and clinical sequelae of this
CD4� lymphocyte depletion was characterized by
Seymour et al. in a cohort of 40 patients with hairy cell
leukemia treated with continuous infusion 2-CdA at
MD Anderson Cancer Center.18 Prior to therapy, 18
patients had lymphocyte subsets analyzed and the
median CD4� count was 743/	L (range, 58–2201/	L)
with a median CD8� count of 238/	L (range,
75–2342/	L). Within 4 months of treatment, 25
patients had nadir lymphocyte subsets analyzed with
the median CD4� count suppressed to 139/	L (range,
25–580/	L), and CD8� to 92/	L (range, 26–879/	L).
This suppression was prolonged, with a median time
of 40 months until CD4� counts returned to the nor-
mal range. CD8� counts returned to normal levels
sooner, with a median recovery time of 23 months.
The clinical implication of this profound and pro-
longed lymphopenia is uncertain; however, given that
in this small series only one opportunistic infection,
dermatomal herpes zoster, was documented.
Nonetheless, the delayed toxicity profile of 2-CdA is
characterized by late infections, primarily dermatomal
herpes zoster. In the long-term follow-up of 358
patients at Scripps Clinic, seven (2%) suffered der-
matomal herpes zoster activation within a range of
10–69 months following therapy.

In the same group of patients, with extended 
follow-up, Goodman and colleagues recorded 58 sec-
ond malignancies among 47 patients (22% of their
cohort) with an observed to expected ratio of second
malignancies, compared with NCI SEER data, of 2.03
(95% confidence intervals (CI) 1.49–2.71).6 Debate
continues regarding the degree and the nature of the
risk of second malignancies in patients with hairy cell
leukemia treated with cladribine or other purine
analogs. It remains unclear whether any significant
increased risk exists, and if so, whether this is secondary
to the underlying disease or to the corresponding 
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therapy. A retrospective review of 350 hairy cell
patients treated at MD Anderson Cancer Center and
followed for 6 years, reported by Kurzrock et al.,
reported 26 patients with a second malignancy, for an
observed-to-expected ratio of 1.34 (p 
 0.08).19 No evi-
dence of a treatment effect for 2-CdA, interferon-�, or
DCF was observed. 

The Italian Cooperative Group for the study of hairy
cell leukemia reviewed 1022 patients and documented
54 malignancies, with a standardized incidence ratio
(SIR) of 1.01.20 Although no overall increased risk was
observed, an increased risk specifically of NHL was
noted (SIR 
 5.3; CI, 1.9–11.5). Of the 979 patients
with hairy cell leukemia treated with 
2-CdA at the National Cancer Institute and described
by Cheson et al., the relative risk of developing a sec-
ond malignancy at a median of 3.4 years was 1.71 (CI,
1.24–2.30).21 Of the 117 patients with hairy cell
leukemia diagnosed over a 20-year period in British
Columbia, Canada, Au et al. reported 44 additional
tumors in 36 patients (30.7%), with 25 of these diag-
nosed after the occurrence of their leukemia.22 Of these
25, 20% were nonmelanoma skin cancer. An increased
rate of second malignancies was calculated compared
with age- and sex-matched controls, and peaked at 2
years after treatment. There was no significant treat-
ment effect on the risk of second malignancy, with the
exception of a small group of patients initially treated
with interferon-� followed by a purine analog, who
had a relative risk that ranged from 1.60 to 4.31.

2�-DEOXYCOFORMYCIN
Mechanism of action
2�-Deoxycoformycin directly mimics the metabolic
consequences of congenital adenosine deaminase defi-

ciency. A product of Streptomyces antibioticus, DCF is a
tight inhibitor of adenosine deaminase that results in
lymphocyte depletion (see Figure 31.1). It was first
shown to have therapeutic activity in hairy cell
leukemia in 1983.23

Treatment results
Cassileth et al. reported on 50 patients with hairy cell
leukemia treated with DCF and followed for a median
of 39 months.24 After treatment for a median of 
3 months, patients achieved a 64% CR and a 20% PR
rate, with relapses in 6 of the 42 responders (14%) (see
Table 31.2). In another early trial through the National
Cancer Institute–Canadian Clinical Trials Group,
Johnston et al. documented a CR in 25 of 28 (89%)
evaluable patients with all remaining patients achiev-
ing a PR (11%).25 Patients were treated with 4 mg/m2

intravenously weekly for three consecutive weeks,
repeated every 8 weeks, and continued for two addi-
tional cycles beyond CR. Overall toxicity included a
48% incidence of fever and infection, a 62% incidence
of lethargy, and a 76% incidence of nausea and vomit-
ing. Additional side effects included anorexia, dry
skin, altered taste, and paresthesias.

Early results from the Eastern Cooperative Oncology
Group, reported by Spiers et al., used a regimen of 5
mg/m2 given on two consecutive days every 2 weeks
until a CR was attained.26 In 34 patients treated with
this approach, 53% achieved a CR and 38% a PR.
Treatment with DCF was associated with a 96% inci-
dence of Grade 3/4 myelosuppression, a 19% incidence
of serious infection, and two treatment related fatalities.
With a median follow-up of 82 months, Kraut et al.
described their experience in a group of 24 patients with
HCL treated with DCF delivered every other week at a
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Table 31.2 Trial results of DCF in hairy cell leukemia 

Author Institution Year N Treatment CR PR Relapse F/U

Cassileth24 Univ. of Penn. 1991 50 5 mg/m2 � 2d q.2 weeks 64% 20% 14% 39 months

Johnston25 NCI-CCTGa 1988 28 4 mg/m2, IV, per week 89% 11% NR 429 days
�3, q.8 weeks

Spiers26 ECOGb 1987 34 5 mg/m2 � 2d q.2 weeks 53% 38% NR NR

Kraut27 The Ohio State Univ. 1994 24 4 mg/m2, IV q.2 weeks N/Ac N/Ac 48% 82 months

Ribeiro28 Centre Hospitalier 1999 50 4 mg/m2, IV q.2 weeks 44% (36/16)%d 10% 33 months
Lyon-Sud, France

Grever29 Intergroupe 1995 154 4 mg/m2, IV q.2 weeks 76% 3% 9% 57 months

Flinn30 Intergroupe,f 2000 241 4 mg/m2, IV q.2 weeks N/Af N/A 18%f 9.3 years

a National Cancer Institute – Canadian Clinical Trials Group.
b Eastern Cooperative Oncology Group.
c All patients in the study had attained a CR, and were followed for relapse, survival, and long-term toxicity.
d 38% good PR (bone marrow involvement �5%), 19% PR.
e Southwest Oncology Group, Eastern Cooperative Oncology Group, Cancer and Leukemia Group B, National Cancer Institute- Canadian
Clinical Trials Group.
f Long-term follow-up of the randomized Intergroup study, which included all patients treated with DCF initially or on crossover from inter-
feron. The 5- and 10-year relapse-free survival were 85% and 67%, respectively. 



dose of 4 mg/m2, again until a CR was attained.27 Only
1 of the patients died, but 11 of the remaining 23
patients had relapsed at a median time of 30 months
from therapy. There were no serious infectious compli-
cations, nor was there a dramatic increase in second
malignancies, with the exception of epithelial skin
cancers.

Similar results were observed in 50 patients treated
with an identical regimen of every-other-week DCF in
a French study reported by Ribeiro et al.28 With a
median follow-up of 33 months, responses were docu-
mented in 96% of the patients, including 44% of those
who achieved a CR, 36% with a “good” PR (bone mar-
row involvement of �5%), and 16% with a PR. There
were two deaths. The toxicity included Grade 3/4 neu-
tropenia in 13 of the patients (26%), fever with infec-
tion in 13 patients (26%), nausea and vomiting despite
the prophylactic use of antiemetics in 14 (28%), and
rash in 9 patients. Second malignancies were observed
in 10% of the patients.

In an Intergroup study, the response and duration
of relapse-free survival in patients with hairy cell
leukemia treated with interferon-� or DCF were com-
pared and their toxicities described.29 Three hundred
and thirteen eligible patients were randomized to
either interferon �-2a, 3 million units subcutaneously
three times per week for 6 months (prolonged to a full
year for an objective response) versus DCF at 4 mg/m2

administered intravenously every other week (given
two doses past a CR, continued to 12 months if a PR
was achieved, and stopped at 6 months in the absence
of a response). Crossover was allowed. While only
11% of the interferon-� treated patients achieved a CR
and 27% a PR with no early deaths, 76% of the DCF
patients achieved a CR and 3% a PR, with three early
deaths. Grade 4 myelosuppression was significantly
greater with DCF than with interferon-�, as was the
incidence of suspected infections in the DCF group
(53% vs 35%, respectively).  The median relapse-free
survival of the 134 patients who achieved a CR was
significantly longer in the DCF treated group (and
had not yet been reached) than the 20-month
relapse-free survival calculated in the interferon-�
group,  after a median follow-up of 57 months. Once
a median follow-up of 9.3 years had been reached,
the updated relapse, toxicity, and survival data of the
154 patients initially treated with DCF, and the 87
patients treated upon crossover from interferon-�
failure, was reported by Flinn et al.30 The 5- and 10-
year survival of 90% and 81% was no different from
that calculated from an age and sex matched con-
trol population. The 5- and 10-year relapse-free sur-
vival were 85% and 67%, respectively, based on the
173 patients who achieved a CR. After lymphoid,
hematologic, and epithelial skin cancers were
excluded, the 25 diagnoses of solid tumors recorded
was not any greater than that expected in the general
population.

In summary, complete remission can be achieved in
a high percentage of patients with hairy cell leukemia
treated with DCF at the standard dose of 4 mg/m2 intra-
venously given every other week until the attainment
of remission. It appears that these remissions are
durable despite a lack of clear evidence that the therapy
is, in fact, curative.

Toxicity
The major toxicity of DCF is related to profound
immunosuppression with significant granulocytopenia,
as well as CD4� lymphopenia. Rates of severe neutrope-
nia vary with the regimen used, but range from 26% up
to 96%. Associated rates of infection range from 26% up
to 53%. Although uncommon, treatment-related
deaths have been reported in many of the published
series. Additional common toxicities include dermatitis,
nausea, and vomiting, and less common  toxicities
include lethargy, altered taste, paresthesias, and con-
junctivitis. Although the immunosuppression appears
prolonged, there is no evidence that this results in an
increase in serious delayed infections or second malig-
nancies.

SPLENECTOMY
Splenomegaly is present in the majority of patients
with hairy cell leukemia, with leukemic infiltration
primarily within the red pulp.31,32 Therefore, removal
of the spleen eradicates one of the major sites of dis-
ease accumulation. 

Splenectomy was the treatment of choice for hairy
cell leukemia before the introduction of effective cyto-
toxic therapies. In the majority of cases, the peripheral
blood counts responded favorably and patients sur-
vived for years after the operation, often without
additional therapy. Splenectomy removes splenic
sequestration of blood elements, thereby alleviating
pancytopenia. However, in situations in which pancy-
topenia is secondary to bone marrow infiltration by
hairy cells, splenectomy is less beneficial. CR, defined
as hemoglobin greater than 11.0 g/dL, granulocyte
count greater than 1000/mm3, and a platelet count
greater than 100,000/mm3 (Catovsky criteria), has been
reported in 40–67% of patients (see Table 31.3).
Improvement in at least one cytopenia is seen in up to
90% of patients. The most common hematologic para-
meter to improve postsplenectomy is the platelet
count, often seen within days of the surgery. Patients
who achieve a CR have improved survival compared to
partial responders.33,35,37,41 However, an overall survival
benefit from splenectomy has not been consistently
demonstrated.34,36,39,42 Before the introduction of effec-
tive systemic therapies, patients who did not respond
to splenectomy had a poor prognosis. Both the proba-
bility of response as well as the duration of response
inversely correlates with the degree of bone marrow
involvement. The duration of response to splenectomy
has been evaluated extensively (see Table 31.3).
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Despite a concern about an increased incidence of
infections following splenectomy, Golomb found no
change in infectious complications in postsplenec-
tomy patients.34,43 Nevertheless, vaccinations against
encapsulated organisms are recommended prior to
splenectomy.

With the advent of new, more effective treatment
modalities, splenectomy has fallen out of favor. It is
now considered a temporizing measure, with a median
time to treatment failure of 8.3 months (range, 1–22
months). Even prior to the adoption of modern surgi-
cal techniques, including laparoscopic splenectomy,
surgical mortality was low, estimated at 2% in some
reports.41 Splenectomy has been safely performed at
the twenty-fourth week of gestation in a pregnant
patient with hairy cell leukemia.44

Current indications for splenectomy as an initial
treatment approach to hairy cell leukemia include
active or uncontrolled infections in the setting of
severe and refractory neutropenia secondary to hairy
cell leukemia, thrombocytopenic bleeding, massive,
painful, or ruptured splenomegaly, or contraindica-
tions to chemotherapy (e.g., pregnancy or medical
comorbidities).

INTERFERON
When splenectomy was used commonly as a first-line
treatment approach to HCL, one of every two to three
patients relapsed following the procedure. Other
chemotherapeutic agents were tried with limited suc-
cess.45–47 The demonstration of activity of interferon-�
against hairy cell leukemia was viewed as a significant
advance, as it was the first agent that could partially
eradicate the hairy cell population from the bone mar-
row, thus eventually changing the response criteria.
However, much like splenectomy, interferon-� is only

rarely indicated in the current approach to initial man-
agement, and only under certain clinical circumstances.

The first experience with interferon in hairy cell
leukemia was reported in 1984 by Quesada et al.48 They
treated seven patients with partially purified human
interferon and showed a dramatic improvement in all
blood counts within a 2- to 3-month period. Once
recombinant interferon became available, Golomb 
et al. treated 69 patients with interferon �-2b at 2 � 106

U/m2 subcutaneously three times weekly for a year.49–51

Interferon-� demonstrated an ORR of 91% with 13% of
the patients achieving a CR, defined as �5% of hairy
cells in the bone marrow and normalization of periph-
eral blood counts. Relapses were uncommon during
therapy and for the first 6–9 months thereafter. Median
actuarial failure-free survival was 25.4 months. 

Interferon �-2a (Roferon-A, Roche, Nutley, NJ) has
also been studied in hairy cell leukemia. Quesada et al.52

treated 25 patients with 3 �106 U/m2 of interferon �-2a
daily for 4–6 months, followed by three times a week
for a year. They documented a response rate of 87%,
with 30% of the patients exhibiting a CR. Median time
to remission was 3.5 months. Discontinuation of the
treatment resulted in clinical relapse in 33% of the
patients.

Numerous other trials have shown comparable
results (see Table 31.4). Response rates range from 43%
to 100%, the majority of which are partial.
Hematologic changes follow a well-described pattern.
Platelet counts increase first, often as early as 2 weeks
into therapy, reaching a normal value by approxi-
mately 1.5–2 months. During the first 2 months of
treatment there is a notable decrease in the white
count and hemoglobin.53 Full granulocytic response is
usually delayed until 3–5 months. Hemoglobin
response lags behind, with responses still seen as far as
9 months into the therapy.58,59 In general, treatment
naive patients exhibit higher response rates. In addi-
tion to improving peripheral blood counts, interferon-
� also reduces splenomegaly size. Interferon-� is effec-
tive in patients with an intact spleen as well as in
splenectomized patients.

Neither the optimal dose nor the optimal duration
of interferon therapy has been clearly established.
Standard regimens include either interferon �-2b
(Intron A) 2 � 106 U/m2 subcutaneously three times per
week for a year or interferon �-2a (Roferon-A) 3 � 106

U/m2 daily for 4–6 months, followed by three times a
week a for a year.

Despite impressive ORRs, between 33% and 86%
patients relapse at a median of 6–30 months (see Table
31.3).51,56,60,62–64

With long-term follow-up, an increased incidence
of second malignancies has been noted following
interferon-� treatment.65 After a median follow-up of
91 months, 13 patients (19%) developed a second
malignancy. Six were hematopoietic and seven adeno-
carcinomas. The excess frequency was 4.33 compared
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Table 31.3 Splenectomy in the treatment of hairy 
cell leukemia

Response
Number of duration

Author subjects CR (%) PR (%) (months)

Catovsky33 28 61 39 2.5-16

Golomb34 71 NR 91 NR

Mintz and 26 42 58 NR
Golomb35

Jansen36 225 40 39 NR

Ingoldby37 21 62 24 4-31

Golomb38 65 42 58 NR

Flandrin39 85 61 73 NR

Magee40 26 77 11 4-20

Van Norman41 42 67 19 NR

CR: complete response; PR: partial response; NR: not reported.



to the general population, and for patients with hema-
tologic neoplasms, it was 40 times the expected fre-
quency. However, other single institution series indicate
a risk equal to the general population, but with an
increase in lymphoid neoplasms.20

The toxicity profile of interferon includes a mild
influenza-like syndrome. This syndrome occurs in 95%
of patients and is characterized by fevers, myalgias, and
fatigue; it improves after 2–4 weeks despite the continu-
ation of therapy and responds well to acetaminophen.
Cutaneous side effects, including both generalized rash
as well as injection site reactions, are noted in approxi-
mately 50% of the patients. Central nervous system side
effects include depression and somnolence. Although
transient myelosuppression is observed during the first
2 months of therapy, patients treated with interferon
have fewer incidences of infections compared to an
untreated cohort.52 Reversible liver enzyme abnormali-
ties are observed in 20–30% of the patients.

In summary, interferon-� remains a palliative treat-
ment strategy without observed complete eradication

of the disease. Compared to nucleoside analogs, the
response is usually slower and only rarely complete. It
is now rarely the initial treatment of choice, but can be
considered for hairy cell leukemia patients with active
uncontrolled infection, for a disease which has relapsed
or is refractory to first-line therapy, or in those with an
unacceptably high risk for febrile neutropenia. This
may include elderly patients with medical comorbidi-
ties, which preclude the use of purine analogs, or those
with significant renal insufficiency. In addition,
although experience with interferon-� in pregnant
patients with hairy cell leukemia is limited, safety has
been demonstrated when used in similar patients with
chronic myelogenous leukemia.

SUMMARY

Hairy cell leukemia is an uncommon, low-grade
lymphoproliferative disorder. Although the mere
documentation of the presence of this leukemia is
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Table 31.4 Results of interferon therapy in patients with hairy cell leukemia

Duration
Number of (month) 

Author Type of interferon Dose and schedule subjects CR (%) PR (%) of response

Quesada48 Interferon alpha-N1 3 � 106 U daily 7 42 57 6–10 
Jacobs53 Interferon alpha-2b 2 � 106 U/m2, three 22 0 43 NR

times weekly

Quesada52 Interferon alpha-2a 3 � 106 U daily for 4–6 30 30 57 10�

months, followed by three
times weekly for 1 year

Castaigne54 Interferon alpha-2� 3 � 106 U daily 27 7 29 NR
Interferon alpha-2b 2 � 106 U/m2, three times weekly
Interferon alpha-N1 3 � 106 U daily

Thompson55 Interferon alpha-2b 2 � 106 U/m2 three times 212 4 74 NR
weekly for 1 year 

Berman56 Interferon alpha-2a 3 � 106 U daily for 4–6 35 0 69 25
months, followed by three 
times weekly for 18 months

Smith57 Interferon alpha-2a 3 � 106 U daily for 4–6 53 2 74 NR
months, followed by 
three times weekly for 1 year

Golomb51 Interferon alpha-2b 2 � 106 U/m2, three times weekly 69 13 62 25.4 

Smalley58 Interferon alpha-N1 2 � 106 U/m2, daily for 10 2 60 NR
28 days followed by three
times weekly for 22 weeks

Grever29 Interferon alpha-2a 3 � 106 U 3 times per week 159 11 38 9–27
Rai59 Interferon alpha-2b 2 � 106 U/m2 three times 64 24 49 18

weekly for 1 year 

Zinzani60 Interferon alpha-2a 3 � 106 U daily 44 18 64 14
Damasio61 Interferon alpha-2a 3 � 106 U 3 times per week 64 0 90 NR

CR: complete response; PR: partial response; NR: not reported.



not itself an indication for therapy, the majority of
patients will eventually require treatment for their
disease. Although, historically, the initial treat-
ment approach has evolved from splenectomy to
interferon-�, contemporary treatment options
include either a single-week-long course of 2-CdA,
traditionally delivered by continuous intravenous
infusion, or 4–6 months of DCF, given as a short

infusion every other week. Although there have been
no randomized trials comparing these two
approaches, both therapies result in prolonged,
unmaintained remissions in the vast majority of
patients. In addition, both therapies are associated
with profound and prolonged immunosuppression,
although the subsequent infectious complication
rates are low.
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32Chapter 32
DEFINITION OF REMISSION,
PROGNOSIS, AND FOLLOW-UP 
IN HAIRY CELL LEUKEMIA
Eric H. Kraut

TREATMENT AND REMISSION DEFINITION

NATURAL HISTORY
Hairy Cell Leukemia (HCL) is a chronic lymphoprolifer-
ative disorder usually presenting with pancytopenia,
recurrent systemic infections, and splenomegaly.1 The
major cause of death in untreated patients is infection,
usually due to an immune deficiency state related to
neutropenia, monocytopenia, natural killer cell defi-
ciency, and dendritic cell deficiency.2,3 Therapy prior to
1980 temporarily improved blood counts, but had no
dramatic effect on the immune deficiency or overall
survival, with patients dying as a result of their disease
within 5 years of diagnosis.4 The dramatic change in
survival as a result of the treatments outlined in
Chapter 31 has transformed HCL from a fatal disorder to
a chronic one, with some patients cured of their disease.

SPLENECTOMY
The definition of remission in a malignancy is estab-
lished in order to distinguish the effectiveness of dif-
ferent treatment options and determine whether treat-
ment has an impact on survival and quality of life. The
development of these definitions for HCL has paral-
leled the improved management of this disease. 

For many years, the major treatment for patients
with HCL was splenectomy.5 Splenectomy was under-
taken either due to pain and discomfort secondary to
an enlarged spleen or for the cytopenias seen in this
disease. Responses to splenectomy were classified
according to those established by Catovsky6 (Table
32.1). A complete response (CR) was defined as an
increase in hemoglobin level above 11 g/dL, neu-
trophils above 1 � 109/L, and platelets above 100 �

109/L. A partial response (PR) was the same degree of
improvement in one or two of the blood elements or
improvement in all three, but below the values for CR.
These criteria took into account that splenectomy did

improve cytopenias in 60–100% of the patients, but
did not significantly affect the bone marrow infiltra-
tion or circulating hairy cells.5,7 In fact, the degree of
bone marrow involvement prior to splenectomy
appeared to predict the degree of success with this
procedure, and thus patients with marked infiltration
of the marrow with hairy cells were less likely to
respond.7

INTERFERON
In 1984, a major advance in the treatment of HCL was
achieved with the evidence that alpha interferon was
cytotoxic to hairy cells and could induce complete
remissions in some patients.9 The ability to eradicate
the hairy cell population from the bone marrow led to
more stringent criteria for response, culminating in
the consensus resolution for the response published in
19878 (Table 32.1). A CR now required a hemoglobin
level �12 g/dL, a neutrophil count �1500/	L, and

Table 32.1 Criteria for response assessment in hairy cell
leukemia8

Complete response Partial response∗
Neutrophils �1500	La Reduction in organomegaly �50%
Platelets �100,000/	L �5% circulating hairy cells
Hemoglobin �12 g/dLa Decrease by 50% hairy cells in
No hairy cells in bone bone marrow
marrow by H&Ea

Regression of spleen Hemoglobin �12 g/dL
to normal by physical 
exama

No circulating hairy cellsa Neutrophils � 1500/	L
Platelets � 100,000/	L

aCatovsky6 definition allowed 1000 neutrophils and hemoglobin of
11 for complete remission and does not include clearance of 
marrow or peripheral blood for hairy cells. Partial remission just
required improvement of two of three blood valus to the CR
definition or improvement in all three values.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



clearance of hairy cells from blood and bone marrow,
with resolution of organomegaly on physical exam. A
PR required a 50% decrease in organomegaly and less
than 5% circulating hairy cells, with normalization of
the blood counts as described for a CR.

Despite its obvious activity, interferon rarely com-
pletely eliminated the hairy cells from the bone marrow,
and the majority of patients were left with significant
bone marrow infiltration.10,11 The amount of remaining
hairy cell involvement in the marrow after treatment
had prognostic significance, with early relapse occurring
in patients with greater than 30% hairy cell infiltration.

PURINE NUCLEOSIDES
The introduction of the purine nucleosides pentostatin
(2-deoxycoformycin) and 2-chlorodeoxyadenosine (2-
CdA) revolutionized the management of HCL and
raised the possibility of cure. Both of these drugs induce
a high percentage of true complete remissions, which
are durable in a significant number of patients.12–14

Using the stringent guidelines outlined in the consen-
sus resolution, over 90% of the patients had responses,
and those with responses experienced marked improve-
ment in survival. However, using more sophisticated
techniques such as flow cytometry and immunohisto-
chemistry, up to 50% of the patients in complete
remission by standard criteria have minimal residual
disease remaining in their bone marrow.15,16 The
impact of this observation on the outcome of patients
is unclear.

Several investigators have examined the remission
duration and survival in patients who have negative

bone marrows by morphology, but positive bone
marrows by immunohistochemistry and flow cytom-
etry.16–18 Tallman et al.16 evaluated 66 patients treated
with either pentostatin or 2-CdA, and in complete
remission by clinical and morphologic criteria. The
estimated 4-year relapse-free survival was 55% in the
patients with minimal residual disease by immuno-
histochemistry and 88% in the patients without
minimal residual disease. Matutes et al.17 evaluated
23 patients after treatment with 2-deoxycoformycin
and in complete remission by standard criteria. He
reported no difference in relapse rates in the
patients with or without minimal residual disease by
immunophenotyping of bone marrow or peripheral
blood.

For future clinical trials in HCL, it is reasonable to
incorporate immunohistochemistry and flow data on
the patient’s bone marrow, and add a category of com-
plete remission with minimal residual disease by spe-
cial studies. This will provide us with information on
how necessary it is to completely eradicate the hairy
cell population, and give us better methods to com-
pare new therapies.

PROGNOSIS

The change in the prognosis of patients with HCL is
best demonstrated by comparing data from patients
followed and treated prior to 1985, largely with
splenectomy, to patients followed after treatment with
interferon and the purine nucleosides (Table 32.2). 
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Table 32.2 Remission duration and survival

Author N Treatment Median PFS Median survival

Bouroncle19 105 �/� Spelnectomy 5.8 years

Golomb and Golde4 71 �/� Splenectomy 5.8 years

Jansen and Hermans20 391 �/� Splenectomy 4 years

Ratain et al.11 69 Interferon� 25.4 months not reached 
91%/4years

Federico et al.21 166 Interferon� not reached 
96%/5years

Grever et al.13 17 Interferon� 20 months not reached 
At 57 months

Goodman et al.14 209 Cladribine 99 months not reached 
97%/9 years

Tallman22 52 Cladrbine 72%/48 months 96%/4 years

Flinn et al.23 241 Pentostatin 85% at 60 months not reached 
67% at 120 months 90%/10 years

Kraut et at.24 24 Pentostatin not reached 
96%/6.8 years

PFS, pregression-free survival. 
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SPLENECTOMY AND NATURAL HISTORY
Bouroncle19 reported on 105 patients followed with or
without splenectomy, and noted a median survival of
5.8 years. Golomb et al.4 gave an update on 71
patients with a median survival, measured starting at
the development of symptoms (not from diagnosis),
of 70 months. Jansen and Hermans20 analyzed 391
patients from multiple institutions to evaluate the
effectiveness of splenectomy, and noted an overall
median survival of 48 months. Patients in this series,
who underwent a splenectomy, had a survival benefit.
The other observation from these reports was that sev-
eral parameters had prognostic importance, including
the degree of cytopenias and a history of infections.

INTERFERON
Although interferon was the first drug with significant
activity in HCL patients, long-term studies are limited
because of the subsequent introduction of the purine
nucloeosides. Ratain et al.11 reported on 69 patients
who received alpha interferon, and noted a 91% sur-
vival at 4 years. However, the median time for a
patient requiring treatment (usually due to cytopenia)
was 25.4 months. Federico et al.21 followed 166
patients who received interferon therapy, and
reported a 96% survival at 5 years, with most patients
progressing by 4 years. Grever described that 12 of 17
patients who were in complete remission after inter-
feron therapy relapsed with a median time of 20
months. Median survival had not been reached at a
median follow-up of 57 months. Thus, although the
disease is not eradicated, survival appears improved
over splenectomy.

PURINE NUCLEOSIDES
Patients treated with either cladribine or pentostatin
have a disease course that resembles patients with
indolent lymphoma, with prolonged responses to
therapy and overall survival longer than relapse-free
survival.22 Goodman et al.14 reported on 209 patients
treated with cladribine and followed them for at least
7 years. Of the 207 patients evaluated, 95% had a CR
and 5% a PR. The median duration of a CR was 99
months (range, 8–172 months) and that of a PR was
37 months (range, 10–116 months). Seventy six
patients (37%) relapsed after the first course of treat-
ment, with a median time to relapse of 42 months
(range, 8–118 months). The risk of relapse was
increased with short disease duration prior to therapy,
lower hemoglobin levels, and higher white blood
counts at baseline. Sixty patients in first relapse after
cladribine were retreated, with a CR rate of 75% in the
59 evaluable patients and a median duration of sec-
ond remission of 35 months (range, 4–92 months).
Second relapses were seen in 20 patients, with 6 of 10
patients treated again achieving CR. When survival
was evaluated for all patients, only six patients (3%),

all complete responders, had died. However, only one
of these patients died from causes related to disease.
The overall survival rate in this series was 97% at 108
months.

Flinn et al.23 reported a 9-year follow-up of a large
intergroup study of HCL patients treated with pento-
statin. A total of 241 patients were treated with pento-
statin initially or after interferon failure. There were 40
deaths, with only 2 deaths due to HCL. And 201
patients were followed for a median of 9.3 years, with
a Kaplan-Meier estimate of survival of 90% at 5 years
and 81% at ten years. The 173 patients (71%) who
achieved a confirmed CR had an overall relapse-free
survival of 85% at 5 years and 67% at 10 years. There
was no comment on retreatment after relapse.

Kraut et al.24 reported 24 patients followed after
pentostatin therapy for a median of 82 months 
(range, 54–104 months). Out of 24 patients 23 were
alive, with one dying of refractory/recurrent disease.
Twelve patients remained in remission and 11 patients
relapsed. Seven patients were retreated, with 5 achiev-
ing a second complete remission. The overall survival
from treatment initiation of this group was 93 months
(range, 63–116 months). There have been only two
documented deaths in this group, and neither related
to disease.

In summary, patients treated with purine nucleo-
sides have a dramatic increase in their survival, and
few responding patients have died due to their disease.
The development of other therapies for resistant dis-
ease, such as rituximab25 or anti-CD-22 recombinant
immunotoxin (BL 22),26 and the potential benefit of
splenectomy or interferon in treatment failures, may
further extend survival.

LONG-TERM COMPLICATIONS
The initial concern for patients treated with the purine
nucleosides was for an increased risk of infection and
the development of second malignancies due to the
profound long-term suppression of CD4 and CD8 lym-
phocytes.27,28 However, a significant increase in infec-
tions is not seen in patients who have responded to
treatment and have normal neutrophil counts. In our
series, during the 7-year median follow-up, only her-
pes zoster was seen in remission patients.24

A variety of second malignancies have been
reported in patients with HCL both prior to and fol-
lowing diagnosis and treatment. They include both
solid tumors and malignancies of the lymphoid and
hematopoietic system.3 These have been reported in
the pre-chemotherapy era, as well as in long-term fol-
low-up after treatment with interferon and purine
antimetabolites. Several papers have tried to answer the
question of whether the risk of second malignancy is
inherently increased in hairy cell patients and/or does
treatment increase the risk. In a retrospective review of
117 patients from British Columbia with a median fol-
low-up of 5 years, there were 44 malignancies in 36
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patients.29 This was greater than expected when com-
pared to age-matched controls, but there did not
appear to be a relationship to treatment with interferon
or purine analogs. In a study from the University of
Chicago of HCL patients who received interferon, there
were 13 malignancies, including six hematologic,
among 69 patients.30 This was more than the expected
three patients, though whether this increase was drug
or disease related could not be determined.

In the multicenter study comparing interferon with
pentostatin treatment,23 241 patients were followed;
39 malignancies developed, including eight hemato-
logic malignancies. This was slightly greater than the
26 expected, but when solid tumors alone were evalu-
ated, there was no difference compared to age-
matched controls. In a retrospective review of 725
Italian HCL patients, including patients treated with
interferon and chemotherapy, the incidence of second
malignancies was only 3.7%, not significantly greater
than expected in this older population.31 It is thus not
yet determined whether HCL is associated with second
malignancies or the possible role of treatment in their
development. Long-term evaluation will be needed to
define the true risk, but as of now second malignancies
have not impacted survival.

In summary, as the result of effective initial treat-
ment of HCL patients and the ability to retreat when
patients relapse, survival was similar to that predicted
for the general population. Additionally, long-term
complications after treatment are not frequent and do
not affect overall survival.

GUIDELINES FOR FOLLOW-UP 
AND RETREATMENT

HCL is a low-growth malignancy, and the usual pat-
tern of relapse that we have seen is progressive cytope-
nia, but only after marked marrow infiltration occurs.
Thus, measurement of peripheral blood counts alone
may not detect relapsed disease.

SOLUBLE INTERLEUKIN-2 RECEPTOR
The interleukin-2 (IL-2) receptor is defined by reactivity
with CD25 monoclonal antibodies and is expressed on
the surface of hairy cells.32 Soluble forms of the receptor
(sIL-2R) are detected in the peripheral blood of hairy
cell patients, and can be used as a marker of disease

response and relapse.25,33 We performed serial measure-
ments of sIL-2R levels in patients after pentostatin
treatment, and demonstrated that a rising sIL-2R value
predicted hematologic relapse (unpublished observa-
tions). This is similar to data from other investigators,
and is another means of following patients for disease
progression. Additionally, it has been used effectively
for determining response and predicting resistance.25,33

FOLLOW-UP RECOMMENDATIONS
The efficacy of pentostatin and 2-CDA and the ability to
reinduce patients has influenced our approach to follow-
up. During our initial trials of pentostatin, patients rou-
tinely had repeat bone marrows while in remission, and
retreatment was started with marrow repopulation.
However, it has been demonstrated that the patients
with a marked degree of marrow infiltration still respond
to treatment12,22; thus early treatment is not required.

We see patients after remission induction every 4–6
months, with blood counts and repeat sIL-2R levels
performed prior to bone marrow biopsies if there is a
change in blood counts. For patients not on protocol,
we only perform bone marrows when treatment is
indicated. The criteria for retreatment included persis-
tent granulocytopenia �500/	L, platelets �50,000/	L,
hemoglobin �10g/dL, painful splenomegaly, and
recurrent infections related to immune deficiency.
This is more conservative than what is recommended
by Goodman et al.,14 who recommend treatment for
neutrophils �1000/	L and platelets �100,000/	L.
With our criteria, we have had no difficulties retreating
patients, and have had no severe complications in
patients, being observed without therapy.

SUMMARY

For many years, a diagnosis of HCL was to be feared
because of a shortened survival with multiple compli-
cations from infections, marked splenomegaly, and
severe anemia and thrombocytopenia. Moreover, treat-
ment options were limited, and often only supportive
measures were available. Now in the twenty-first cen-
tury we can list it along with the other triumphs in
medical oncology, including Hodgkin’s disease and tes-
ticular carcinoma. The goals of treatment, to extend
survival and improve the quality of life, have been
reached.
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33Chapter 33
TREATMENT OF RELAPSED 
OR REFRACTORY HAIRY 
CELL LEUKEMIA AND NEW
FRONTIERS IN HAIRY CELL
LEUKEMIA THERAPY
Robert J. Kreitman

INTRODUCTION

As reviewed in Chapter 28, hairy cell leukemia (HCL) is
a B-cell malignancy comprising 2% of all leukemias,1,2

and is highly responsive, but not curable, with known
therapy. Patients present with pancytopenia and
splenomegaly, and have malignant cells in the blood,
bone marrow, and spleen with eccentric kidney-
shaped spongiform nuclei and hairlike cytoplasmic
projections. The diagnosis was classically made by
tartrate-resistant acid phosphatase (TRAP) staining.3,4

More recently, the diagnosis is most accurately made
by fluorescent-activated cell sorting (FACS) analysis
(or flow cytometry), which demonstrates HCL cells
strongly positive for B-cell antigens CD19, CD20, and
CD22, and often other antigens including CD103 (B-
ly7) CD11c, CD25, and CD123.5–7 The differential
diagnosis, which is important to consider in relapsed
or refractory patients, includes splenic lymphoma
with villous lymphocytes (SLVL), which may be dis-
tinguished from HCL by polar distribution of villous
cytoplasmic projections, lack of pancytopenia, and
CD25, CD103, and/or CD123 negativity.7–9 HCL vari-
ant (HCLv) is a disorder comprising about 20% of
HCL in which the malignant cells may have bilobed
nuclei, prominent nucleoli, and may be clumped in
the marrow. The HCLv cells may be CD25, CD103,
CD11c, and/or CD123 negative, and patients are pri-
marily refractory to purine analogs and other thera-
pies.6,7,10–12

TREATMENT OF RELAPSED HCL WITH 
STANDARD THERAPY

SALVAGE SPLENECTOMY IN HCL
In patients with pancytopenia due to relapsed or
refractory HCL with hypersplenism, splenectomy
provides an excellent palliative benefit. Throm-
bocytopenia has been reported to improve in up to
92% of patients.13 Early nonrandomized studies sug-
gested a survival benefit, particularly in young 
symptomatic patients with large spleens and pancy-
topenia.4,14,15 Nevertheless, it is currently accepted
that splenectomy does not affect long-term survival.16

Splenectomy can be accomplished safely in most
patients by laparoscopy,17,18 which minimizes recovery
time. Patients without significant anemia and with a
spleen tip less than 4 cm below the left costal margin
are unlikely to respond well to splenectomy.19

Although splenectomy often results in increased hairy
cell infiltration into the bone marrow, blood, and
abdominal lymph nodes,20 some HCL patients can
benefit early after splenectomy with a systemic reduc-
tion in malignant cells; complete pathologic remis-
sions in the blood and marrow are rare. Patients with
end-stage refractory HCL with transfusion dependence
should not be denied splenectomy, as the procedure
may be lifesaving in such patients. Nevertheless,
splenectomy may be delayed for most relapsed or
refractory patients wishing to try a variety of other sal-
vage therapies.
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INTERFERON IN PURINE ANALOG-RESISTANT HCL
Because interferon was used more often prior to the
reported efficacy of purine analogs in HCL, there is
only limited data on its efficacy in purine-resistant
HCL. In 10 patients from the Intergroup study who
crossed over from pentostatin to interferon, there were
no responses. Interferon was effective in patients after
failure of splenectomy and prior chemotherapy, but it
was not clear, and perhaps unlikely, that any of these
patients had received prior therapy with purine
analogs.21 Nevertheless, interferon is a treatment rec-
ommended for relapsed HCL, particularly when
cytopenias are severe and avoidance of myelotoxicity
from purine analogs is a goal.22

FLUDARABINE FOR PURINE ANALOG-RESISTANT HCL 
Fludarabine is a fluorinated monophosphorylated
purine nucleoside analog that resists deamination by
adenosine deaminase and is cytotoxic after conversion
to the triphosphate form.23 Known better for its excel-
lent efficacy for CLL, fludarabine is capable of induc-
ing responses in HCL. Of four reported responses of
HCL to fludarabine, one partial response (PR) was
observed in HCLv, and one of four responses was a
marginal response.24,25 Several of these patients were
resistant to purine analogs. Fludarabine can also be
used in combination with monoclonal antibody
(mAb) therapy, as in CLL.26

THE DECISION FOR NONSTANDARD 
BIOLOGIC THERAPY VERSUS ADDITIONAL
PURINE ANALOG THERAPY
As mentioned above, both purine analogs are quite
effective in HCL, even as second or even third courses.
In fact, it is often unclear who should receive a repeat
course of purine analog and who should receive sal-
vage therapy. This decision depends somewhat on the
toxicity of cladribine and pentostatin. Either agent has
been reported to deplete resting T cells, particularly
CD4� lymphocytes, for up to 4 years.27,28 The length of
prior response to the last course of purine analog is
often used to decide whether to repeat the course. If
the last response was brief, a repeat course of purine
analog might risk cumulative overlapping damage to
CD4� lymphocyte populations. Furthermore, as both
the likelihood and the duration of complete remission
(CR) decline with repeated courses of purine analogs,
the chance of benefit is lower in patients with short-
lived prior response. In general, most physicians will
use a repeat course of purine analog if the last response
was greater than 2 years, particularly if only one prior
course of purine analog was given. Patients with less
than 1 year of response to prior cladribine or pento-
statin should be offered other therapy. Patients having
1–2-year response to the last course of purine analog
may be appropriate for nonstandard therapy, and this
may also be the case for patients with a 2–4-year
response to a second or later course of purine analog. 
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MONOCLONAL ANTIBODY THERAPY
OF HCL

CD20, A TARGET FOR B-CELL MALIGNANCIES
INCLUDING HCL
CD20 is a 297-amino-acid glycoprotein that partici-
pates in B-cell activity and regulation of B-cell
growth.29 It has two transmembrane domains, so that
both the carboxyl and amino termini are present on
the cytosolic surface of the membrane. Only a small
loop of 44 amino acid residues is extracellular, so CD20
is tightly held by the cell membrane and not shed. CD20
is expressed on >95% of B-cell non Hodgkin’s lym-
phoma (NHL), but not on stem cells or plasma cells.30 Its
expression is lower in CLL, but higher in HCL.6,31

DEVELOPMENT OF RITUXIMAB FOR TARGETING
CD20� CELLS
Rituximab is a chimeric anti-CD20 mAb (Figure 33.1),
containing the mouse variable domains of the mAb
2B8 grafted to the human IgG1 constant domains.
Rituximab kills CD20� cells by several mechanisms,
including (1) complement-dependent cellular cytotox-
icity, (2) antibody-dependent cellular cytotoxicity, and
(3) induction of apoptosis.32 Both early phase II testing
and phase II pivotal testing of rituximab at 375 mg/m2

per week � 4 in relapsed low-grade NHL demonstrated
overall response rates of up to 48% (6% CR). The major-
ity of toxic events were infusion related (hypotension,
bronchospasm, rhinitis, pruritis, rash, urticaria, and
tumor pain) and decreased with repeated dosing.
Human antimouse antibodies (HAMA) were not
observed. This led to Food and Drug Administration’s
approval of rituximab for indolent NHL. Its effect
against indolent NHL was greatly enhanced by com-
bining the drug with chemotherapy, with 95% overall
response rates and 55% CR in patients receiving CHOP
[cyclophosphamide, hydroxydaunomycin (doxoru-
bicin), Oncovin (vincristine), and prednisone] plus rit-
uximab.33 Activity with or without chemotherapy was
reported in other B-cell malignancies, including
aggressive NHL, mantle cell lymphoma, CLL, and
Waldenstrom’s macroglobulinemia.34–36

CLINICAL TESTING OF RITUXIMAB IN 
CLINICAL HCL TRIALS
Several case reports treating HCL with rituximab
have appeared since 1999.37–41 Four small studies
have been reported in which rituximab was admin-
istered to patients with HCL (Table 33.1). Hagberg
and Lundholm reported 11 classic HCL patients
treated with rituximab at 375/m2/week � 4.42 Three
patients were newly diagnosed and eight were
relapsed. All eight relapsed patients had received
one to three courses of cladribine, and seven out of
eight of these patients also had received one to two
courses of interferon. Of the 11 patients, 7 had
cytopenias as defined by hemoglobin, granulocytes,



and platelets not greater than 12 g/dL, 1500/mm3, and
100,000/mm3, respectively. There were six CRs, includ-
ing one previously reported.38 One patient had a PR,
and four patients had stable disease. At a median fol-
low-up of more than 14 months, the duration of
response was 1–33 months, with all responses ongo-
ing. Of the six complete responders, only two had
cytopenias. A second study was reported by Lauria et
al., in which 10 patients with HCL were treated with
rituximab (referred to as Mabthera, Roche, Inc).43 All

of the patients were previously pretreated with purine
analogs and interferon, and all had prior cytopenias.
Responses included one CR (previously reported37),
four PRs, and three marginal responses. No patients
progressed at 10–24 (median 16) months from finish-
ing therapy. Patients responded quickly, with cytope-
nias correcting in all responders by 3 months, except in a
partial responder who had an improvement in granulo-
cytes from 1000 to 1200/mm3. Cytopenias corrected in
some of the marginal responders as well. Splenomegaly
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Figure 33.1 Structure of biologic salvage therapies in HCL.
Rituximab is a chimeric anti-CD20 mAb containing the mouse
variable domains (VL and VH) of the mAb 2B8 grafted to the
human IgG1 constant domains (C and CH1-CH2-CH3).
Pseudomonas exotoxin (PE) contains 613 amino acids. Domain Ia
(amino acids 1–252) is the binding domain, domain II (amino
acids 253–364) is responsible for translocating the toxin to the
cytosol, and domain III (amino acids 400–613) contains the ADP-
ribosylating enzyme which inactivates elongation factor 2 (EF-2)
in the cytosol. The function of domain Ib (amino acids 365–399)
is unknown. PE38 is a truncated form of PE devoid of domain Ia
and amino acids 365–380 of domain Ib. The single-chain recom-
binant immunotoxin anti-Tac(Fv)-PE38 (LMB-2) contains the vari-
able heavy domain (VH) of the anti-Tac mAb fused via the peptide
linker (G4S)3 to the variable light domain (VL), which in turn is
fused to PE38. The recombinant immunotoxin RFB4(dsFv)-PE38
(BL22) is composed of the VL from the mAb RFB4 disulfide bonded
to a fusion of VH with PE38. The disulfide bond connecting VH
and VL is formed between two cysteine residues replacing Arg44
of VH and Gly100 of VL

Table 33.1 Rituximab trials in patients with HCL 

Median F/U
Number Number duration Relapse CRs–non–CRs
of Prior of (range) from with
patients CdA/DCF T� doses Responses in months CR � PR cytopenias Reference

11 CdA 8/11 4 6 CR, 1 PR 14 (0–34) 0 2/6 vs 5/5 Hagberg and Lundholm42

10 CdA DCF 10/10 4 1 CR, 4 PR 16 (10–24) 0 1/1 vs 9/9 Lauria et al.,43

24 CdA 24/24 4 3 CR, 3 PR 14.6 2 3/3 vs ?/21 Nieva et al.,44

15 CdA/DCF 15/15 4–12 8 CR, 4 PR 32 (8-45) 5 5/8 vs 7/7 Thomas et al.,45

Prior CdA/DCF T� indicates the number of patients enrolled who had prior therapy with cladribine (CdA) and/or pentostatin (DCF).
Cytopenias are considered present when patients have (1) neutrophil count �1500/mm3, (2) platelets count �100,000/mm3, or (3) Hb
�11g/dl.
In Thomas et al., two of the four PRs were reported as CR-RD, meaning 1–5% hairy cells in the marrow but otherwise in CR.



was present in two cases and resolved in both.
Circulating hairy cells were eradicated in six of the
seven patients. In a phase II trial from the Scripps
Clinic, of 24 patients treated with rituximab, there
were 3 CRs, 3 PRs, and 2 responders relapsed at a
median of 15 months.44 Higher activity was observed
in a trial reported by Thomas et al., in which more
than four doses were given.45 Out of 15 patients, 7 who
received eight doses attained a CR, and an additional
patient had a CR after 12 doses. Two patients had a PR
with 4 and 12 doses, and two patients had a CR with
1–5% residual marrow infiltration after 4 and 8 doses,
for an overall response rate of 80%. Preexisting cytope-
nias were present in five of the eight CRs and in all
seven patients not achieving a CR. 

CONCLUSIONS OF RITUXIMAB TREATMENT IN HCL
The case reports and trials clearly show that rituximab
has significant activity in HCL, with a total of 18 CRs
out of 60 patients (30%) treated on the four small tri-
als. Trials with the highest CR rates (53–55%) were
small and included patients without preexisting
cytopenias, but it is also possible that 8–12 doses of
rituximab were more effective than 4. As rituximab
was associated with minimal toxicity in HCL patients,
it should be strongly considered in patients who
relapse from purine analog therapy. Rituximab has
also shown efficacy for treating autoimmune throm-
bocytopenia,46 and was reported to effectively treat
this condition as a complication from pentostatin
therapy.47

TARGETING CD52 ON HCL CELLS WITH
ALEMTUZUMAB
CD52 is a 12-amino-acid glycoprotein that is present
on lymphocytes at up to 450,000 sites/cell.48,49 It is
also present on monocytes, macrophages, eosinophils,
and the male reproductive tract.50,51 Quigley et al. at
the Scripps Clinic recently reported that in nine cases
of classic HCL and one of HCLv, all patients expressed
CD52 on 92–100% of the HCL cells.52 Fietz et al.
reported recently that a patient with HCL and short-
lived or poor responses to cladribine, interferon,
splenectomy, and rituximab had hematologic benefit
with alemtuzumab.53 The patient tolerated rituximab
more poorly than alemtuzumab because of an allergic
reaction to the former. With both mAbs, the patient
had an improvement in thrombocytopenia, but failed
to reverse blood transfusion dependence.

LMB-2, TARGETING CD25� HCL

DEVELOPMENT OF LMB-2 FOR THE TREATMENT OF
CD25� MALIGNANCIES
The interleukin 2 receptor (IL-2R) is composed of 
�(CD25), �(CD122), and �(CD132) chains. IL-2 binds
with high affinity (Kd � 10�11 M) to the complex

containing all three of them, but with low affinity 
(Kd � 10�8 M) to CD25 alone, also called p55 or Tac.54

In contrast, the mAb anti-Tac binds to CD25 with high
affinity (Kd � 10�10 M).55 CD25 is overexpressed in a
variety of hematologic malignancies, including adult
T-cell leukemia (ATL) and HCL, other T- and B-cell
leukemias and lymphomas, and Hodgkin’s disease.56–58

CD25 usually far outnumbers other subunits of the IL-
2R on cells, and in some tumors is the only IL-2R sub-
unit present. To construct an anti-CD25 recombinant
immunotoxin, the variable heavy domain of anti-Tac
(VH) was fused to the variable light domain via a 15-
amino-acid linker to the variable light domain (VL),
which in turn was fused to PE40.59 Both anti-Tac(Fv)-
PE40 and the slightly shorter derivative anti-Tac(Fv)-
PE38 (Figure 33.1) bound well to CD25, and were very
cytotoxic to CD25� cell lines and activated human T
cells, which mediate autoimmune disease.59,60 LMB-2
induced complete regression of CD25� human
xenografts in mice61,62 and killed fresh leukemic cells
from patients with ATL,60,62 HCL, and other leukemias.63

In monkeys, LMB-2 caused reversible transaminase ele-
vations, but not death, at dose levels up to 1000 	g/kg
q.o.d. � 3.62,64 Large-scale production of LMB-2 was
accomplished after expression of a DNA plasmid in
Escherichia coli.65–67

ELIGIBILITY AND DOSING IN A PHASE I TRIAL OF LMB-2
The phase I trial of LMB-2 began in 1996 and included
patients with a histologically confirmed diagnosis of
Hodgkin’s disease (HD), NHL, or leukemia with evi-
dence of CD25 on malignant cells, except in HD not
amenable to biopsy.58 All patients had prior standard
and salvage therapy (see Table 33.2), and those with
indolent disease were in need of treatment. For first-
time or repeat cycles, patients could not have high lev-
els of neutralizing antibodies. LMB-2 was administered
for three doses by 30-min infusion (q.o.d. � 3). The
maximum tolerated dose (MTD) was defined as the
highest dose level for which 0–1 out of 6 patients had
dose limiting toxicity (DLT). Patients without progres-
sive disease or neutralizing antibodies could be retreated,
and could be dose escalated to the dose level below that
which new patients were permitted to receive. Plasma
levels of LMB-2 were quantitated by a cytotoxicity assay
and enzyme-linked immunosorbent assays.

RESULTS OF PHASE I TESTING OF LMB-2
LMB-2 was administered at 2–63 	g/kg q.o.d. � 3 to a
total of 35 patients with chemotherapy-resistant hema-
tologic malignancies, including 11 with Hodgkin’s
disease, 6 with B-cell NHL, 8 with CLL, 4 with HCL, 3
with peripheral T-cell lymphoma (PTCL), 1 with cuta-
neous T-cell lymphoma (CTCL), and 2 with ATL.68

DLT was observed at 63 	g/kg i.v. q.o.d. �3, the
dose at which one patient had grade 4 transaminase
elevations and another had nausea, vomiting, and
diarrhea followed by a transient cardiomyopathy.
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The most common first-cycle toxicity at the MTD (40
	g/kg q.o.d. � 3) in nine patients was transaminase
(aspartate transaminase and alanine transaminase)
elevations. Nausea, fever, and weight gain were also
common toxicities. Symptomatic pulmonary edema
or other features of dose-limiting vascular leak syn-
drome (VLS) were not seen, although hypoalbumine-
mia was common. Reversible anaphylaxis to LMB-2
was observed in one patient who had been pretreated
with anti-Tac mAb and had developed nonneutraliz-
ing anti-idiotype antibody prior to LMB-2 enrollment.
The median half-life of LMB-2 was about 4 h at the
MTD. After cycle 1, only 6 of 35 patients (17%) made
neutralizing antibodies at high enough levels to dis-
qualify them from further treatment. Thus, patients
were retreated for a total of two to six cycles. None of
eight CLL patients receiving a total of 16 cycles devel-
oped any trace of neutralizing antibodies. PRs were
observed in one patient with ATL, HD, CTCL, and CLL.

RESPONSES TO LMB-2 IN HCL PATIENTS
All four patients with HCL, who had failed at least
cladribine and interferon, had major responses.69

Patient 30 [see Figure 33.2(a)] prior to treatment had
pancytopenia, with a pretransfusion hemoglobin as
low as 8.5 g/dL, a platelet count of 47,000/mm3, an
absolute neutrophil count (ANC) of 360/mm3, and an
enlarged spleen and precarinal lymph nodes. The pan-
cytopenia resolved with elimination of the tumor
cells. The hairy cell count of 478/	L decreased �90%
from just one dose of LMB-2, as assessed on day 3. By
day 8, the HCL count had decreased by �99%, and was
cleared following cycle 2. Flow cytometry is able to
quantify HCL cells making up �0.01% of the lympho-
cytes. The CR in patient 30 was associated with resolu-
tion of baseline splenomegaly and precarinal adenopa-
thy, and transfusion independence. Recovery of
normal counts is shown in Figure 33.2(a), with the
platelet count first to recover, improving from a pre-
treatment baseline of 53,000–133,000/	L by day 22.

The granulocyte count improved next, from a baseline
of 390–1430/	L by 66 days after beginning LMB-2.
The hemoglobin improved to normal by 150 days, and
has remained above 11 for �6 years without further
treatment. Three patients had PR to LMB-2 after one
cycle of 30, 63, and 40 	g/kg q.o.d. � 3, with
�98–99.8% decreases in circulating HCL cells. CR was
not achieved in these patients, probably because they
could not be effectively retreated.
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Table 33.2 LMB–2  in patients with HCL

Dose
level Peak

Patient Age/ Prior Spleen/ HCL (	g/ Total level Neut % Decr
number sex T� cytopenias cells/uL kg � 3) cycles DLT (ng/mL) ABs Response HCL

15 63/M IFN, CdA Large/� 63,900 30 1 – 219 � PR 99.8
30 47/M IFN, CdA, Absent/� 478 63 2 – 593 � CR 100
32 60/F IFN, CdA, DCF Absent/� 350 63 1 Heart 1094 � PR 99

35 35/M IFN, CdA Absent/� 60,700 40 2 – 487 � PR 98

Prior treatments T�� included interferon (IFN), cladribine (CdA), and  pentostatin (DCF). Patients with absent spleens had prior splenectomy.
The presence absence (� or �) of cytopenias is also listed to indicate whether patients had ANC �1500/mm3, platelets �100,000/mm3, or
Hb �11 g/dL on enrollment. Neutralizing antibodies (Neut ABs) were � if the serum neutralized 1000 ng/mL of the cytotoxic activity of 
LMB-2 toward CD25�SP2/Tac cells. Peak levels indicate the highest plasma level achieved with any of the doses of LMB-2 administered, as
measured by cytotoxicity assay of plasma on SP2/Tac cells using pure LMB-2 for a standard curve. Responses included partial response (PR) or 
complete remission (CR). The percent decrease in circulating HCL count (% Decr HCL) as a result of LMB-2 treatment is shown.
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Figure 33.2 Complete remission of HCL
patients to recombinant immunotoxins. LMB-2
patient 30 (a) received two cycles of LMB-2 at
63 �g/kg q.o.d. � 3. The three doses of each
cycle are indicated by a coalescence of three
arrows. The hemoglobin (Hb), platelet count
(PLT), absolute neutrophil count (ANC), and cir-
culating HCL count (HCL) is shown from several
days before to 300 days after the first dose.
Similar data are shown for BL22 patient 6 (b)
who received three cycles of BL22 at 30 �g/kg
q.o.d. � 3



BL22, TARGETING CD22� HCL

RATIONALE FOR TARGETING CD22
In many B-cell lymphomas and leukemias, CD22 is
displayed by the malignant cells more often than
CD25.58,70–72 Moreover, CD25� HCL is one of the most
common features of HCLv. These patients are overrep-
resented in the population of HCL patients requiring
salvage therapy, because they do not respond well to
standard therapy, even if previously untreated.10,73

CD22 is considered one of the best antigens to target
in HCL and is essentially always strongly expressed.31

Although CD22 is found on normal B cells, it is not
expressed on stem cells. As mentioned above, a variety
of immunotoxin chemical conjugates have been used
to target CD22� leukemias and lymphomas in preclin-
ical and clinical studies, not related to HCL.74–79

PRECLINICAL DEVELOPMENT OF BL22 
To produce a stable anti-CD22 recombinant immuno-
toxin, the variable domains of the anti-CD22 mAb
RFB4 were connected by a disulfide bond instead of a
peptide linker, and VH was fused to PE38, resulting in
BL22 (see Figure 33.1).80 The disulfide bond was cre-
ated by mutating Arg44 of VH and Gly100 of VL to cys-
teines. This technology had been used previously for
stabilizing Fvs of a variety of different mAbs, including
anti-Tac.81,82 Chemical reactions are not needed to
make the recombinant immunotoxin, since the disul-
fide bond between VL and VH-PE38 forms automati-
cally during in vitro renaturation of the two frag-
ments. Complete regressions in mice of human CD22�

B-cell lymphoma xenografts were observed at plasma
levels which could be tolerated in cynomolgus mon-
keys.83 CRs of these xenografts were observed
whether BL22 was administered by bolus injection
q.o.d. � 3 or by continuous infusion. Leukemic cells
freshly obtained from patients with CLL and NHL were
incubated ex vivo with BL22.72 This study, which
showed specific killing of such cells, was important for
preclinical development because malignant cells
freshly obtained from patients typically display far
fewer CD22 sites/cell compared to cell lines. 

METHODS AND PATIENTS FOR TESTING BL22 IN HCL 
BL22 was administered to 16 patients with HCL as part
of a phase I trial in patients with B-cell malignancies.84

Like LMB-2, patients were dosed by 30-min infusion
q.o.d. � 3. Patients without progressive disease or neu-
tralizing antibodies to the toxin could be retreated at 3-
week intervals. Disease was staged by blood counts
with flow cytometry, bone marrow biopsy with
immunohistochemistry, and computerized tomogra-
phy. Neutralizing antibody and pharmacokinetic
assays were performed by cytotoxicity assay as with
LMB-2. Of 16 patients,84 13 had classic HCL and 3 had
HCLv. As shown in Table 33.3, the median age was 54

years and the male-to-female ratio was 3/1, similar to
what is reported for HCL.85,86 All patients were pre-
treated with cladribine. Patients 5, 8, 9, 11, 13, and 14
were pretreated with one course, patients 4, 6, 10, 12,
and 15 with two courses, patients 3, 7, and 16 with
three courses, patient 1 with five courses, and patient 2
with six prior courses of cladribine. Patients often had
one or several courses of prior interferon, pentostatin,
and rituximab as well. About half the patients had prior
splenectomy. Circulating HCL counts were typically
high in patients after splenectomy but were highest
(132,000/	L) in patient 4, who had a large spleen. All
three HCLv patients (14, 18, and 26) had high circulat-
ing malignant counts. Dose levels included 3, 6, 10, 20,
30, 40, and 50 	g/kg q.o.d. � 3, and patients often were
retreated with a variety of different dose levels.

RESPONSE TO BL22 IN PATIENTS WITH HCL 
A total of 87 cycles of BL22 were administered to 16
patients, each patient receiving 1–15 cycles (Table
33.3). A total of 11 out of 16 patients (68%) attained a
CR, and 2 patients had a PR (12%). Patients 2 and 5
had marginal responses, with 98 and 99.5% reductions
in circulating HCL counts, respectively, but less than
50% decreases in lymph node masses. A CR was
attained in all three HCLv patients. Of 11 CRs, 6
(patients 6, 8, 9, 11, 12, and 16) had a CR after cycle 1,
and patients 3, 4, 7, 10, and 13 had a CR after cycles 2,
9, 4, 3, and 2, respectively. Only one (patient 12) of the
CRs had minimal residual disease in the bone marrow
biopsy by immunohistochemistry at the time CR was
documented. Complete clearing of circulating HCL
cells was documented in 10 out of 11 CRs, and patient
7 had a decrease in HCL count from 32,000 to 1
cell/	L. Cytopenias resolved in all responders. Within
the follow-up time of 4–22 (median 12) months,
relapse was documented in three patients (patients 4,
7, and 12 after 8, 12, and 7 months, respectively), and
all three of them were returned to CR with additional
BL22. These relapses were asymptomatic in that they
were detected by routine bone marrow biopsies, and
the patients had not redeveloped cytopenias. 

BL22 IMMUNOGENICITY, PLASMA LEVELS, 
AND TOXICITY IN HCL PATIENTS 
High levels of neutralizing antibodies were observed
in patients 5, 9, and 12 after cycles 1, 1, and 5,
respectively. Patient 5 had preexisting low levels of
neutralizing antibodies prior to receiving BL22.
Patient 2 had low levels of neutralizing antibodies
after cycle 5. Plasma levels in patients with high dis-
ease burden increased greatly on subsequent cycles
after patients responded. Dose-limiting toxicity in
patient 5 included a cytokine release syndrome in
patient 5 with fever, hypotension, bone pain, and
weight gain (VLS) without pulmonary edema, which
resolved within 3 days. Patients 8 and 13 had a com-
pletely reversible hemolytic uremic syndrome (HUS),
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confirmed by renal biopsy. In each case, HUS pre-
sented with hematuria and hemoglobinuria by day 8
of cycle 2. These patients required 6–10 days of
plasmapheresis, but not dialysis for complete resolu-
tion of renal function and correction of thrombocy-
topenia and anemia. Both patients achieved a CR,
patient 8 prior to HUS and patient 13 afterward, and
in both cases all preexisting cytopenias resolved, as
well as those related to HUS. 

CONCLUSIONS OF CLINICAL TESTING OF BL22 IN HCL 
BL22 is the first agent since purine analogs that can
induce a CR in the majority of patients with HCL, and
appears at least as active as rituximab for this disease.
All patients treated with HCL had prior cladribine and
had responded unsatisfactorily to at least the last
course, and this includes patients with HCLv. Its suc-
cess in chemoresistant patients is related to its differ-
ent mechanism of action compared to purine analogs,
and the fact that CD22 is highly conserved at high
density on HCL cells despite purine analog resistance.
Lack of CR was usually related to easily identifiable fac-
tors, including low doses due to the phase I design,
and secondary immune response after cycle 1, which
prevented effective retreatment. Patient 14 had signif-

icant splenomegaly which required several cycles to
resolve, but disease in the marrow was still evident
after cycle 12. In further follow-up, this patient was
actually found to enter CR finally after cycle 14. The
cause of HUS in patients receiving BL22 is not known,
and since HUS has not been observed in over 100
patients receiving PE38 fused to ligands other than
RFB4(dsFv), the mechanism must in part be mediated
by CD22.

SUMMARY

Effective therapeutic options for patients with relapsed
or refractory HCL include repeated courses of purine
analogs, palliative splenectomy, or interferon, ritux-
imab, and the recombinant immunotoxins BL22 and
LMB-2. Data are insufficient to determine whether
BL22 is better than LMB-2 for CD25� HCL, but as 20%
of HCL patients have CD25� HCL cells, BL22 is the
agent that has been developed more for this disease.
Additional phase II clinical testing is under way to
establish the safety and optimal dosing of BL22 for
efficacy, and similar testing is also being done with 
rituximab.
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Table 33.3 BL22  in patients with HCL

Dose
level Peak

Patient Age/ Prior Spleen/ HCL (	g/ Total level Neut % Decr
number sex T� cytopenias cells/uL kg � 3) cycles DLT (ng/mL) ABs Response HCL

1 71/F IFN, CdA, DCF, Ritu� Absent/� 88,000 3 1 – 13 � PD –
2 54/M IFN, DCF, CdA, B4bR Absent/� 690 6–10 5 – 115 � MR 98
3 42/F CdA Large/� 11 10–20 4 – 693 � CR 100
4 46/M IFN, CdA, DCF, Flud, Large/� 132,000 30–50 14 – 1033 � CR 100

Ritu�

5 54/M CdA, IFN Absent/� 180 30 2 VLS 1602 � MR 99.5
6 61/M CdA, IFN Large/� 1330 30 3 – 1716 � CR 100
7 70/M CdA, IFN Large/� 32,00 30–40 9 – 1805 � CR 99.997
8 50/M CdA Large/� 46 30 2 HUS 772 � CR 100
9 45/F CdA, IFN, DCF Large/� 22 30 2 – 840 � CR 100
10 59/M IFN, CdA, DCF Absent/� 4700 40–50 5 – 2604 � CR 100
11 56/M CdA Acc/� 44,000 40–50 3 – 2222 � CR 100
12 43/M CdA, IFN Large/� 9 40–50 5 – 1847 � CR 100
13 57/F CdA, IFN Absent/� 38 50 2 HUS 1498 � CR 100
14 37/M CdA, Ritu� Large/� 26 40 15 – 1497 � PR 100
15 54/M CdA Large/� 65 40 13 – 1920 � PR 100

16 55/M CdA Absent/� 6 40 2 – 1652 � CR 100

Prior treatments T� included interferon (IFN), cladribine (CdA), pentostatin (DCF), rituximab (Ritux), anti-B4 blocked ricin (B4bR, and flu-
darabine (Flud). Patients with prior splenectomy are indicated with either absent spleen or as having an accessory (Acc) spleen. The pres-
ence or absence (� or �) of cytopenias is also listed to indicate whether patients had ANC �500/mm3 , platelets �100,000/mm3, or Hb
�11g/dL on enrollment. Patient 4 had splenectomy after cycle 3 due to an HCL-related bleeding disorder; the bleeding disorder responded
but disease progressed in the peripheral blood prior to receiving the remaining 11 cycles of BL22. Dose-limiting toxicity included either vas-
cular leak syndrome (VLS) or hemolytic uremic syndrome (HUS). Peak levels indicate the highest plasma level achieved with any of the doses
of BL22 administered, as measured by cytotoxicity assay of plasma on Raji cells using pure BL22 for a standard curve. Neutralizing antibodies
(Neut ABs) were � if the serum neutralized 1000 ng/mL of the cytotoxic activity of BL222 toward CD22� Raji cells. Responses included par-
tial response (PR) or complete remission (CR). The percent decrease in circulation HCL count (% Decr HCL) as a result of BL22 treatment is
shown.
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MANAGEMENT OF FEVER AND
NEUTROPENIA IN LEUKEMIA
Robin K. Avery

6Section 6
SPECIAL TOPICS IN
LEUKEMIA

OVERVIEW OF FEVER AND NEUTROPENIA 

INTRODUCTION
The febrile neutropenic patient is a central topic in the
management of hematologic malignancy. Empiric
antimicrobial therapy for fever in the neutropenic
patient has been the standard of care for decades, but
opinions still vary as to the optimal antibacterial agent
or agents, the nature and timing of antifungal therapy,
and other issues. This chapter will review basic princi-
ples of the physical examination, laboratory studies,
radiography, and clinical syndromes. It will also provide
updates on the spectrum of infecting organisms,
antimicrobial resistance, newer antimicrobial agents,
and innovative strategies, such as outpatient and
home intravenous (i.v.) therapy. A brief section will
summarize highlights of infection control. 

The Infectious Disease Society of America (IDSA) has
published updated 2002 Guidelines for the Use of
Antimicrobial Agents in Neutropenic Patients with
Cancer.1 This comprehensive document features a rating
system reflecting the strength of the recommendation
(A–E) and the quality of the evidence (I–III), and is
highly recommended. 

DEFINITION OF FEVER AND NEUTROPENIA
A commonly accepted definition of fever, used in the
IDSA guidelines, is a single oral temperature of 38.3
�C (101 �F) or more, or a temperature of �38.0 �C

(100.4 �F) for �1 h. The route of temperature mea-
surement is important. Although rectal temperatures
are more accurate than oral or axillary temperatures,
rectal temperatures are usually contraindicated in
the neutropenic patient due to the risk of promoting
bacteremia from colorectal organisms. 

The definition of neutropenia used in the IDSA
Guidelines is an absolute neutrophil count (ANC) of
�500 cells/mm3, or a count of �1000 cells/mm3 if a
decrease to �500 cells/mm3 is expected. 

RISK STRATIFICATION
Both the degree and duration of neutropenia are
important in determining the risk for infection.
Profoundly neutropenic patients, with an ANC of
�100 cells/mm3, are at highest risk for infection.
Those with neutrophil counts of �500 mm3 are at
higher risk than those with counts of �1000/mm3. A
patient who is expected to recover from chemotherapy-
induced neutropenia has a different level of risk from a
patient in whom neutrophil recovery is not antici-
pated. Neutropenia of 10 days or more duration con-
fers greater risk. Neutropenia in patients with acute
leukemia is generally of longer duration than in
patients with solid tumors. 

Several models of risk stratification have been devel-
oped.2 Additional risk factors for infection among
leukemic patients include mucosal or integumentary
breaks such as mucositis, surgical wounds, pressure
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ulcers, or C. difficile colitis; renal or other organ dys-
function; metabolic and nutritional factors; age;
comorbidities such as diabetes mellitus; steroids or
other immunosuppressive agents; and immune defects
such as hypogammaglobulinemia. It is helpful to keep
a paradigm of risk stratification in mind in assessing
the febrile neutropenic patient. 

HISTORY OF FEVER AND NEUTROPENIA THERAPY
In the 1960s and ‘70s, it was recognized that the most
immediate threat came from Gram-negative infec-
tions, particularly E. coli, Klebsiella, and Pseudomonas,
which could cause rapid overwhelming sepsis.3 Thus,
empiric therapy regimens have historically been
directed at preventing these Gram-negative infections.
The combination of an antipseudomonal beta-lactam
and an aminoglycoside has been widely used to achieve
synergy against such organisms as Pseudomonas.
Concerns about potential toxicity, and the develop-
ment of third-generation cephalosporins and car-
bapenems, have led to a preference for monotherapy at
some centers. 

As discussed below, there has been a shift in recent
years, from predominantly Gram-negative toward Gram-
positive organisms. Whether or not to include an agent
such as vancomycin in the initial regimen has been vig-
orously debated. The emergence of resistance factors
such as extended-spectrum beta-lactamases has also
caused alteration in regimens at some centers. In general,
growing antimicrobial resistance should prompt fre-
quent reconsideration of empiric antibiotic regimens.4

MICROBIOLOGY OF INFECTION IN THE
NEUTROPENIC PATIENT

CLASSIC MICROBIOLOGY: GRAM-NEGATIVE
ORGANISMS; RECENT EMERGENCE 
OF GRAM-POSITIVE ORGANISMS
Landmark papers on fever and neutropenia cited organ-
isms such as E. coli, Klebsiella, and Pseudomonas as major
pathogens,2 presumed to originate from the patient’s
own intestinal flora. However, there has been a shift
toward Gram-positive organisms, which now constitute
the majority of positive blood culture isolates. Reasons
cited for this include use of indwelling i.v. catheters,
oral mucositis from current chemotherapy regimens,
and use of quinolone prophylaxis.5 Catheters are most
likely to become infected with cutaneous flora; oral
mucositis predisposes to viridans streptococcal infec-
tion, which can be fulminant.6 Quinolones are power-
ful agents against aerobic Gram-negative bacilli, and
may lead to overgrowth of organisms such as staphylo-
cocci, streptococci, and enterococci. 

ANTIMICROBIAL RESISTANCE PATTERNS
The emergence of extended-spectrum beta-lactamases
in E. coli, Klebsiella, and other organisms has limited

the utility of penicillins and traditional cephalosporins
at some centers.7 Although imipenem, meropenem,
and cefepime have extremely broad spectrums of activ-
ity, organisms resistant to these agents have also been
described.4,5 Methicillin resistance in coagulase-nega-
tive staphylococci and Staphylococcus aureus (MRSA) has
become increasingly common, as has vancomycin-
resistant Enterococcus (VRE).

Organisms such as Stenotrophomonas, Leukonostoc,
and Corynebacterium jekeium are now appearing,5 some
of which are not covered by standard antibiotics. For
example, Stenotrophomonas is often resistant to all but
sulfa-based agents.4,5

Frequent reconsideration of antibiotic regimens is
important. If a patient is deteriorating on therapy, con-
sideration should be given to expanding antibiotic
coverage to include the multiresistant bacteria that
may be specific to that hospital. Updates from the hos-
pital microbiology laboratory and infection control
committee can provide valuable information about
changing susceptibility patterns. 

FUNGAL PATHOGENS, INCLUDING EMERGING FUNGI
Fungal infections occur with increasing frequency when
neutropenia is prolonged (see below). In the past, most
fungal infections were caused by species of Candida or
Aspergillus. Candida are frequent colonizers of skin,
oropharynx, and the gastrointestinal tract, and may
cause localized or disseminated infection. Aspergillus
spores are widespread in the environment and can also
be nosocomial pathogens, particularly in relation to
building construction. Sinus or airway colonization may
become an invasive infection in the setting of neutrope-
nia. Those with a history of marijuana use, gardening,
farming, or construction work are at a higher risk for
being colonized. 

In recent years, resistance to antifungal agents has
increasingly occurred. Fluconazole has been used for
therapy or prophylaxis of yeast infections, as it avoids
the toxicities of amphotericin B. However, pathogens
such as Candida glabrata (frequently fluconazole resis-
tant) and Candida krusei (always resistant) have
emerged in the setting of increasing fluconazole
usage. In addition, unusual fungi such as Fusarium,
Trichosporon, Paecilomyces, and Scedosporium are seen
with more frequency. Some of these display resistance
to traditional antifungal agents. 

CLINICAL PRESENTATIONS

HISTORY AND PHYSICAL EXAMINATION
The history should include determination of the
underlying cancer, the type and date of most recent
chemotherapy, concomitant immunosuppressive
medications, and exposures. Symptoms relating to
the sinuses, eyes, ears, respiratory and gastrointesti-
nal systems, skin, and catheter sites are of particular
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importance. The magnitude of the fever and the pres-
ence of rigors are also indicators of the severity of illness.

On physical examination, attention should be given
to the sinuses, oropharynx, lung and heart exams,
catheter site, abdomen, external perianal exam, and
skin. Classic signs of inflammation may be absent in the
setting of neutropenia. For example, pneumonia is not
usually accompanied by lobar consolidation or sputum.
Fever, dry cough, and dyspnea might be the only signs
of pneumonitis. Peritoneal signs are often absent, and
nonspecific abdominal pain might reflect appendicitis,
typhlitis, or even perforated viscus. Any proptosis,
chemosis, limitation of extraocular motion, or dark
nasal or oropharyngeal lesions should prompt emergent
surgical consultation for possible invasive fungal infec-
tion. Lethargy or focal neurologic signs should prompt
emergent imaging of the central nervous system (CNS). 

External perianal inspection should be performed,
but internal rectal examination should be avoided. 

Skin lesions may be the only clues to the etiology of
a fever, and biopsy and culture of these lesions can be
crucial for diagnosis (see below). 

LABORATORY STUDIES
The degree of neutropenia is important, and a complete
blood count with differential is essential. Renal or
hepatic dysfunction may reflect acute sepsis or may be
preexisting. Acidosis is worrisome for impending sepsis.

Cultures of blood and urine should be obtained, and
antibiotics initiated promptly. If an i.v. catheter is pre-
sent, cultures through each lumen of the catheter
should be obtained in addition to a peripheral blood
culture. Sputum cultures are low-yield, and bron-
choscopy is more useful in the patient with pneumoni-
tis. Lumbar punctures are rarely necessary and may be
contraindicated in the thrombocytopenic patient.
Stool samples for C. difficile and for enteric pathogens
and parasites should be obtained in a patient with diar-
rheal illness. Any drainage from a catheter site or
wound should be sent for Gram stain and cultures. 

If bronchoscopy or open lung biopsy is performed, a
complete panel of stains and cultures should be sent,
including Gram stain and bacterial cultures; fungal;
Nocardia; AFB stains and cultures; Pneumocystis stain;
Legionella direct fluorescent assay and culture; and cul-
tures for cytomegalovirus (CMV), herpes simplex virus
(HSV), and respiratory viruses (influenza, parainfluenza,
respiratory syncytial virus (RSV), and adenovirus). 

Serologic testing is of limited value in the diagnosis of
acute infection in this population. Useful antigen detection
tests include cryptococcal antigen in serum or cere-
brospinal fluid (CSF), and Histoplasma urinary antigen.

RADIOGRAPHIC STUDIES
The chest X-ray is important, but may provide incom-
plete information. While patchy interstitial infiltrates
or a faint localized haze may reflect pulmonary infec-
tion, more sensitive chest CT (computed tomography)

scanning may reveal small nodules, cavities, the halo
sign of aspergillosis, and other signs that may not be
visualized on chest X-ray. The CT can guide decisions
for procedures such as bronchoscopy and lung biopsy,
as well as empiric therapy. 

The abdominal CT scan is helpful in patients with
abdominal pain, as the physical exam may lack classic
signs. The CT can reveal abscesses, adenopathy,
intestinal wall thickening, or phlegmon suggestive of
typhlitis, lesions of hepatosplenic candidiasis, and
other conditions.8

The brain magnetic resonance imaging (MRI) (or con-
trast CT if MRI is not rapidly available) is important for
evaluation of mental status changes, seizures, or focal
neurologic signs. Brain abscesses, septic embolic infarcts,
or evidence of rapidly progressive fungal infection may
be found on MRI. Additional cuts of the sino-orbital
region, mastoid, and ear canal should be obtained in
patients with symptoms referable to those areas. 

CLINICAL SYNDROMES
Fever without localizing signs 
The majority of patients display no obvious source of
infection. Bacteremia may be present due to the entry of
intestinal or oropharyngeal flora into the bloodstream, or
catheter-related infection without external signs. Frequent
exams can determine if any new localizing signs are devel-
oping. As the leukocyte count rises, previously infected
areas often develop more classic signs of inflammation.

Abdominal pain and gastrointestinal symptoms
Abdominal pain should always be taken seriously, as peri-
toneal signs may be absent. Acute appendicitis, cholecys-
titis, perforated gastric or duodenal ulcers, and divertic-
ulitis can be sources of rapid deterioration. Bacterial
infections of the upper urinary tract or biliary system are
more likely to be severe in the presence of obstruction
due to kidney stones, tumor, or choledocholithiasis. 

Neutropenic enterocolitis (typhlitis) is a feared com-
plication involving infection of the intestinal wall.
Typhlitis may progress to full-thickness involvement of
the right colon, with necrosis and gangrene of the
cecum. Though classically associated with Pseudomonas,
typhlitis may be caused by other Gram-negative bacteria.
Surgery may be required, but milder cases may be man-
aged with protracted antibiotic therapy. 

C. difficile colitis may occur due to use of antibiotics.
Wall thickening of the colon on CT scans due to C.
difficile may be confused with typhlitis. C. difficile coli-
tis is more ominous in the setting of ileus and abdomi-
nal distention without diarrhea. Repeated plain films of
the abdomen can identify colonic dilatation. A stool
sample for C. difficile toxin assay should be obtained,
but occasional false negatives may occur.

Pulmonary infiltrates
The lungs are a frequent site of bacterial, fungal, and
viral infection.9 The radiographic pattern on Chest X-ray
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(CXR) or CT is helpful. Lobar infiltrates are uncommon,
but may reflect postobstructive pneumonia. Bacterial
infection more commonly appears as patchy, sometimes
multilobar infiltrates. Diffuse infiltrates suggest viral or
overwhelming bacterial or fungal pneumonia, or nonin-
fectious etiologies such as pulmonary hemorrhage.
Nodular infiltrates are more likely to be fungal, nocar-
dial, or mycobacterial. The presence of cavitary lesions
suggests fungi, mycobacteria, bacterial lung abscess, sep-
tic pulmonary emboli, or tumor. The “halo sign” is often
indicative of aspergillosis.10 Evidence of old granuloma-
tous disease, such as calcified hilar lymph nodes, sug-
gests dormant fungal or mycobacterial infection that
could reactivate in the neutropenic patient. 

Patients with pulmonary infiltrates may progress
rapidly to respiratory failure and mechanical ventila-
tion. This should prompt broadening of the antibiotic
regimen, including systemic antifungal therapy. Patients
whose white blood cell counts begin to recover may
actually experience a respiratory exacerbation. 

Bronchoscopy with bronchoalveolar lavage (BAL) is
far more likely than sputum to yield a diagnosis, but BAL
cultures may show no growth even in active infection,
particularly with prior antibiotic therapy. The BAL is
more sensitive for Pneumocystis than for fungi, and
mycobacteria often require protracted time to grow.
CMV in BAL cultures is not necessarily indicative of
CMV pneumonitis. Lung biopsy can add considerably to
the diagnostic yield of bronchoscopy, but severe throm-
bocytopenia makes transbronchial biopsy problematic.
Open lung biopsy may be warranted in such situations. 

Aspiration pneumonia may occur, particularly in
elderly patients or those with mental status changes
or severe nausea and vomiting. In this situation,
bronchoscopy is often nondiagnostic or may grow
mixed flora. 

Infection control issues are important in patients
with pulmonary infiltrates, as devastating outbreaks of
respiratory viral infection have occurred (influenza,
parainfluenza, RSV, and adenovirus).11 During
influenza season, or any time a community-acquired
respiratory virus is suspected, any patient with an
unexplained infiltrate should be placed in respiratory
isolation initially. 

Other causes of pulmonary infiltrates can mimic
infection, and should be considered. These include
pulmonary hemorrhage, septic pulmonary emboli,
congestive heart failure, chemotherapy and radiation
toxicity, and adult respiratory distress syndrome from
nonpulmonary sepsis. 

Ophthalmologic and otolaryngologic signs
Symptoms referable to the eye, sinuses, orbit, ear,
nose, or mastoid should be considered potential
emergencies. Fulminant mucormycosis or aspergillo-
sis may progress rapidly to the CNS. Sino-orbital
infection (fungal or bacterial) may lead to orbital cel-
lulitis, abscess, meningitis, or cavernous sinus

thrombosis. Otologic infection may lead to progres-
sion of infection in the mastoid or temporal lobe.
Rapid, surgical debridement, combined with high-
dose broad-spectrum therapy, represents the best
chance for survival.

Focal neurologic signs and mental status changes
New focal neurologic signs or mental status changes in
a neutropenic patient should prompt vigorous evalua-
tion. Focal signs may reflect brain parenchymal abnor-
malities (intracranial hemorrhage, metastases, cerebral
vascular accident, brain abscesses, progressive fungal
infection). Antibiotic choice should include agents
that cross the blood–brain barrier. Such as third-
generation Cephalosporins and Vancomycin.

Seizures may result from focal abnormalities, CNS
infections, or medication toxicity. Mental status
changes may be a nonspecific presenting sign of sepsis
or may reflect drug effect, as well as CNS infection.
Among antibiotics, imipenem and ciprofloxacin may
contribute to mental status changes in the elderly or in
those with renal dysfunction. In addition, antiemetics,
pain medications, and sleep medications may cause
mental status changes. Meningitis may occur, most
commonly due to Pneumococcus, Listeria, Cryptococcus
(in patients with cellular immune defects), or other
fungi, but meningeal signs are uncommon. More indo-
lent mental status changes or focal abnormalities may
reflect subacute fungal infection, bacterial brain
abscess, toxoplasmosis, or progressive multifocal
leukoencephalopathy. 

In endemic areas (See the Centers for Disease
Control and Prevention Website: www.cdc.gov for
maps and more information about areas in which
West Nile virus transmission is occurring), West Nile
virus encephalitis should be ruled out in any patient
with neurologic signs, lethargy, flaccid paralysis, or
multiorgan failure. Serology from blood and CSF has
been the standard for diagnosis, but molecular testing
may improve diagnostic yield. 

Prompt radiologic imaging should be performed in
cases of suspected CNS infection, as discussed above.
Lumbar puncture is problematic in thrombocytopenic
patients, but if strongly indicated, can be obtained with
platelet transfusion support. Space-occupying lesions
and cerebral edema should be ruled out first. Rapid
neurologic and neurosurgical consultation should be
obtained in patients with progressive symptoms. 

Skin lesions
As disseminated infections with filamentous fungi or
mycobacteria are difficult to diagnose in a timely fash-
ion, biopsies and cultures of suspicious skin lesions are
often helpful. Pseudomonas, Candida spp., and Fusarium
are particularly likely to be associated with skin lesions.
Lesions of ecthyma gangrenosum most often reflect dis-
seminated infection with Pseudomonas. Disseminated
candidiasis can present with nodular or papular scat-
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tered lesions. Dark necrotic-appearing lesions can
reflect either bacterial or fungal infection. Peripheral
embolic phenomena reflecting endovascular infection
may occur in the absence of positive blood cultures. 

Indwelling i.v. catheters
Tunneled catheters are subject to several types of infec-
tion: exit site cellulitis, bacteremia with or without
external signs, tunnel infection, and septic throm-
bophlebitis. The most common causative organisms are
coagulase-negative staphylococci, but Staphylococcus
aureus, Enterococcus, Gram-negative bacilli, other skin
flora, yeast, and occasionally nontuberculous mycobac-
teria also may be causative organisms. Decisions regard-
ing catheter removal often must be made in the face of
fever, neutropenia, and need for multilumen access. In
general, tunnel infections require catheter removal
regardless of the organism, and pain over the tunnel
may be the only sign in a neutropenic patient. In
Candida, VRE, or Bacillus infection, it is particularly
important to remove the catheter, and it is often desir-
able to do so for Staphylococcus aureus and Gram-negative
bacilli. On the other hand, in the absence of tunnel infec-
tion, coagulase-negative staphylococcal infection can
often be cleared without catheter removal. If the
catheter is to be left in place, repeat blood cultures on
therapy should be obtained to document initial clearing,
then again after therapy is completed, to document
cure. Many clinicians recommend alternating catheter
lumens for administration of the i.v. antibiotic. 

Persistent positive blood cultures on therapy may
reflect septic thrombophlebitis, or less commonly endo-
carditis, and indicates a need to remove the catheter.

CHOICE OF EMPIRIC ANTIMICROBIAL 
THERAPY

ANTIBACTERIAL THERAPY
Beta-lactam plus aminoglycoside therapy
Such combinations have been used for empiric ther-
apy for decades.1,3 The beta-lactams chosen may be
higher-generation penicillins (piperacillin, ticarcillin,
mezlocillin, piperacillin-tazobactam, or ticarcillin-
clavulanate) or higher-generation cephalosporins (cef-
tazidime or cefepime) with antipseudomonal activity.
Doses should be in the high end of the dosing range.
Aminoglycosides include gentamicin, tobramycin,
and amikacin, used either with traditional dosing or
more recently with single-daily dosing.12 Advantages
to this strategy include synergy against organisms
such as Pseudomonas, and broad-spectrum activity,
especially at centers with marked antimicrobial resis-
tance. Disadvantages include the toxicities of amino-
glycosides (nephrotoxicity, ototoxicity, and vestibular
toxicity.) Measurement of serum trough levels is
important, with dose adjustment whenever renal
function changes. 

Monotherapy
Monotherapy is used in a number of centers, and includes
agents such as ceftazidime, cefepime, imipenem, or
meropenem.13 Except for ceftazidime, these agents have
Gram-positive as well as Gram-negative coverage.
Advantages include a simpler regimen and less toxic-
ity. Disadvantages include the risk of missing resistant
organisms. Although randomized trials and meta-
analyses have documented the efficacy of monother-
apy,14 growing antimicrobial resistance may require
reevaluation of this strategy in the future.13

Timing of Gram-positive therapy 
There has been considerable debate regarding the
inclusion of Gram-positive coverage (particularly
vancomycin) in the initial regimen, with studies
suggesting that vancomycin can be safely added
later.15 However, some institutions use vancomycin
because of the fulminant syndrome that can occur
with viridans streptococci, including those with
reduced susceptibility to penicillins, and the rise of
methicillin-resistant staphylococci in patients with
indwelling catheters. Vancomycin may, however,
predispose to VRE infection, renal dysfunction, and
rash. The Hospital Infection Control Practices
Advisory Committee (HICPAC) has issued guide-
lines, which discourage empiric use of vancomycin
except in situations where the risk of omitting it is
high.16 However, the benefits may still outweigh the
risks at some centers with a high rate of methicillin
resistance.

Some centers choose to add vancomycin secondarily
if there is no response to the initial regimen. Another
strategy is to include vancomycin initially, then omit
it after 48 h if cultures are negative and the catheter
site shows no sign of infection. Serum trough levels of
vancomycin should be monitored, and adjustments
made for changing renal function. Many centers
include vancomycin in the initial regimen of a criti-
cally ill patient, or when there is an evidence of
catheter-related infection. 

Change of therapy
When fever persists for 72 h or longer despite the ini-
tial empiric regimen, consideration should be given
to changing therapy. A vigorous search for a fever
source should be continued, including repeat exams,
cultures, chest X-ray, and sometimes CT scans. If pos-
itive cultures have been obtained, the regimen can
be adjusted accordingly but should retain broad-
spectrum coverage, as the patient may still be neu-
tropenic.

Changes in empiric therapy include (1) addition of
a second agent to a monotherapy regimen; (2) chang-
ing one or more agents in the regimen, such as a car-
bapenem in place of a beta-lactam; (3) addition of van-
comycin; and (4) addition of systemic antifungal
therapy (see below).
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Stopping antimicrobial therapy 
With positive blood cultures, an appropriate duration
of therapy should be administered, which may involve
home i.v. antibiotics. For fever with negative cultures,
the IDSA Guidelines state that antimicrobial therapy
may be discontinued when the ANC is 500 cells/mm3

or greater for two consecutive days, if the patient has
become afebrile by day 3 of antibiotics.1 If the patient
became afebrile after day 3 of antibiotic therapy, the
guidelines suggest continuing therapy until the ANC
has been 500 cells/mm3 or greater for 4–5 days. The
more difficult question is what to do if the patient
remains neutropenic. The IDSA Guidelines allow for
discontinuation of therapy if the patient is afebrile 5–7
days, has defervesced by day 3, is persistently neu-
tropenic by day 7 without positive cultures, and was
initially low risk without subsequent complications.
However, many centers will elect to trim the antibiotic
regimen without complete discontinuation in such
cases. In a patient who is at high risk, antibiotics
should be continued. If the patient is still febrile on
day 3, and later is afebrile but with a neutrophil count
which is persistently less than 500 cells/mm3, the rec-
ommendation is to reassess and continue antibiotic
therapy for two more weeks.1

Oral therapy
As part of the trend toward risk stratification, and to
avoid risks and costs of lengthy hospital-based care,
there has been an increased interest in early discharge
and even initial oral therapy.17 Randomized trials have
demonstrated safety and efficacy of oral therapy in
certain low-risk groups of patients.18 The presence of
chills, hypotension, dyspnea, radiographic abnormalities,
or localizing signs such as abdominal pain, or anything
worrisome to the clinician immediately takes the
patient out of the “low-risk” group. A multinational
scoring system for identifying low-risk patients has
been developed, which included the following:
absence of symptoms or mild-to-moderate symptoms;
absence of hypotension, dehydration, or chronic
obstructive pulmonary disease; presence of solid
tumor, absence of previous fungal infection in patients
with hematologic malignancies, outpatient status, and
age less than 60 years.19 Other factors cited as part of
low-risk criteria include cancer in partial or complete
remission, temperature less than 39 �C, normal chest
X-ray, absence of rigors, respiratory rate 24
breaths/min or less, and absence of diabetes, confu-
sion, mental status changes, or blood loss. 

The oral combination most frequently used to treat
fever and neutropenia is a combination of ciprofloxacin
and amoxicillin–clavulanate.17,18 This combination is
less useful at centers where there is already significant
quinolone resistance. With any patient in whom oral
therapy is used, the patient should be closely moni-
tored and should be immediately placed on broad-
spectrum i.v. antibiotics if fever or any other worri-
some clinical change occurs.

Outpatient and home i.v. antibiotic therapy
Home i.v. antibiotic therapy is useful in the patient with
resolved neutropenia who needs to complete a course of
therapy for a defined infection. There has also been
recent interest in early discharge of the stable neu-
tropenic patient on home i.v. antibiotic therapy or oral
therapy after initial i.v. therapy in the hospital.17,19 Again,
this is only appropriate to consider in the patient with-
out signs of severe infection, who is tolerating antibiotic
therapy appropriate to initial culture results, and who is
reliable and is closely monitored. If the patient is at high
risk, continued inpatient treatment is preferred. 

ANTIFUNGAL THERAPY
Timing of antifungal therapy 
Early studies have shown that the risk of occult fungal
infection increases sharply when the neutropenic patient
has been febrile on broad-spectrum antibiotics for 5–7
days or more. Traditionally, i.v. amphotericin B has been
added at this time.1 The patient with pulmonary infil-
trates is also more likely to have occult fungal infection.9

However, toxicities of amphotericin B have been prob-
lematic, including renal insufficiency, electrolyte abnor-
malities, and infusion-related chills and dyspnea. The
availability of newer antifungals has expanded the
choices available to the clinician. Interpretation of the
literature is complicated by the multiplicity of studies
and issues in clinical trial design.20,21

Lipid formulations of amphotericin, including
amphotericin B lipid complex (ABLC) and liposomal
amphotericin, are less nephrotoxic than conventional
amphotericin, but are costly; infusion-related reactions
may still occur (less so with liposomal amphotericin).
Fluconazole is primarily useful for prevention of infec-
tion with sensitive Candida species, and does not have
activity against Aspergillus. Centers with extensive flu-
conazole use may see a rise in fluconazole-resistant
yeast, including C. glabrata and C. krusei. Itraconazole
has activity against Aspergillus and is sometimes used as
antifungal prophylaxis. However, oral tolerability is
decreased in patients with chemotherapy-induced nau-
sea, and the i.v. formulation cannot be used in patients
with renal dysfunction. 

Caspofungin and micafungin are echinocandin
antifungals with broad activity against yeasts and
molds including Aspergillus (not Cryptococcus). They
are generally well tolerated and available only in an i.v.
formulation. Liver function tests should be monitored
with their use.

Voriconazole is a broad-spectrum antifungal agent
with both i.v. and oral formulations. It covers many
Candida species resistant to other azoles, has excellent
activity against Aspergillus, and also a number of
emerging fungal pathogens, but not mucormycetes. As
with itraconazole, the i.v. formulation cannot be used
in patients with renal insufficiency. Visual symptoms
occur in many patients, especially early in therapy.
Patients should be warned in advance that these
symptoms may occur. 
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Randomized trials and meta-analyses of empiric
antifungal therapy
Multiple randomized trials have been performed
using different antifungal agents, in patients who
either have persistent fever or who require prophy-
laxis. A randomized trial by Winston et al. compared
fluconazole (400 mg) to placebo at initiation of
chemotherapy.22 Fluconazole decreased fungal colo-
nization and superficial fungal infections, but did
not clearly decrease invasive fungal infections;
aspergillosis was infrequent in both groups.22 A later
randomized trial of 317 patients by Winston et al.
compared i.v. fluconazole versus amphotericin B for
patients with persistent fever, and found no signifi-
cant differences, inefficacy, and fewer infusion-
related reactions with fluconazole.23 Similarly, in
another randomized trial, Boogaerts et al. found that
the efficacy of itraconazole was similar to that of
amphotericin B, but itraconazole was associated with
fewer side effects.24

Antifungal agents may also be used as prophylaxis
prior to the onset of fever. The Canadian Fluconazole
Prophylaxis Study Group found that fluconazole, com-
pared with placebo, reduced invasive fungal infection
and fungal-related mortality.25 A study by Menichetti
et al. of 820 patients receiving prophylaxis with oral
fluconazole versus oral amphotericin showed no differ-
ence in efficacy, but better tolerability of oral flucona-
zole.26 The same group performed a placebo-controlled
trial of itraconazole oral solution and found that itra-
conazole reduced proven and suspected deep fungal
infection and candidemia.27 Concerns have been
raised, however, about the increasing incidence of col-
onization with C. glabrata and C. krusei in patients
receiving fluconazole prophylaxis.28

Several trials have assessed lipid formulations of
amphotericin B. Prentice et al. conducted two multi-
center trials (one in adults and one in children) com-
paring conventional versus liposomal amphotericin in
patients with fever and neutropenia.29 Liposomal
amphotericin was associated with fever side effects, and
defervescence occurred in 64% of those on 3 mg/kg/day
liposomal amphotericin as opposed to 49% of those on
conventional amphotericin (p 
 0.03).29 Mattiuzzi et al.
compared liposomal amphotericin B versus the combi-
nation of fluconazole and itraconazole prophylaxis.30

Efficacy was similar, but liposomal amphotericin was
associated with more increases in serum creatinine and
bilirubin.30 Wingard et al. compared liposomal
amphotericin with ABLC and found similar efficacy,
but fewer infusion-related reactions with liposomal
amphotericin.31 Walsh et al. (NIAID Mycoses Study
Group) compared liposomal amphotericin B with con-
ventional amphotericin B in a study of 687 patients.32

Resolution of fever, survival, and rates of discontinua-
tion of the study drug were similar in both groups, but
there were fewer proven breakthrough fungal infec-
tions in the liposomal amphotericin group as well as
less infusion-related toxicity and nephrotoxicity.32

Walsh et al. also compared voriconazole with liposo-
mal amphotericin B in a randomized trial of 837
patients with persistent fever and neutropenia.33 The
overall success rate was similar; however, there were
fewer breakthrough fungal infections, less nephrotoxi-
city, and fewer infusion-related reactions with
voriconazole.33

Given the number of randomized trials comparing
antifungal medications, several meta-analyses have
been performed. Gotzsche and Johansen in 2002 ana-
lyzed 30 trials in which antifungal therapy had been
compared with placebo or no treatment.34 Antifungal
treatment with amphotericin B, itraconazole, or flu-
conazole decreased the incidence of invasive fungal
infection. A meta-analysis of 38 trials from 2002 by
Bow et al. showed that antifungal prophylaxis reduced
the use of parenteral antifungal therapy, and superfi-
cial and deep fungal infections. For the overall popula-
tion, mortality was not reduced, but it was reduced in
the subgroups with prolonged neutropenia and who
had received hematopoietic stem cell transplanta-
tion.35 Glasmacher et al. analyzed 13 randomized trials
of itraconazole prophylaxis and concluded that itra-
conazole solution (not capsules) reduced the incidence
of invasive fungal infections, invasive yeast infections,
and mortality from fungal infections but not overall
mortality.36

There is still no consensus on the optimal antifun-
gal agent to use, or whether to start this agent before
fever occurs. The 2002 IDSA guidelines state that
amphotericin B has usually been the drug of choice.1

Lipid formulations of amphotericin B can be used as
alternatives, with similar efficacy, less toxicity, and
higher cost. Fluconazole is an acceptable alternative at
institutions at which invasive mold infections and 
C. krusei infections are uncommon. Voriconazole and
caspofungin are increasingly used, and newer antifun-
gal agents are still being developed.

MANAGEMENT OF ANTIMICROBIAL TOXICITY
Renal dysfunction 
When multiple antimicrobial agents are adminis-
tered, the risk of drug toxicity increases. Renal dys-
function may result from fluid shifts, hypotension,
chemotherapy, other medications, or sepsis.
Aminoglycosides and amphotericin B are particularly
likely to cause nephrotoxicity. Less commonly, van-
comycin, or occasionally beta-lactams (via interstitial
nephritis), can be nephrotoxic. When the creatinine
rises, there are several possibilities for alteration of
the regimen. If an aminoglycoside is being used in
combination with a beta-lactam, it may be replaced
with a quinolone or aztreonam, unless cultures dic-
tate otherwise. Amphotericin B may be replaced by a
lipid formulation of amphotericin. i.v. itraconazole
and voriconazole are prepared in a cyclodextrin vehi-
cle, which cannot be used in renal dysfunction, so
these may have to be changed to oral therapy or to
other antifungals. 
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Rash
Drug-associated dermatitis is common in the febrile
neutropenic patient, and drug fever may occur with or
without rash. Antibiotic-associated rashes are fre-
quently diffuse and maculopapular or confluent, but
occasionally appear as palpable purpura, and some-
times progress to desquamation. Consideration should
be given to changing antibiotics when a rash occurs,
particularly beta-lactams and vancomycin, or less com-
monly quinolones or azoles. Rashes due to aminogly-
cosides or amphotericin are uncommon. Drug rashes
may progress for several days after discontinuation. 

Discontinuation of vancomycin is prudent if the
treated patient develops a rash, as some vancomycin
reactions can become severe. If needed to treat a
methicillin-resistant Gram-positive infection, another
agent, such as clindamycin, daptomycin, or quin-
upristin-dalfopristin may be substituted. If a beta-lac-
tam agent is discontinued due to rash, consideration
should be given to avoiding related drugs, such as
cephalosporins or carbapenems. 

Clostridium difficile colitis
Diarrhea is common in the neutropenic patient, with
common causes including chemotherapy-induced
mucositis and antibiotics. Only a fraction of these
cases reflect C. difficile colitis, but this can be clini-
cally severe, especially when ileus and abdominal dis-
tention develop. Bacteremias due to enteric flora are
more likely to occur from disruption of colonic
mucosa. As febrile neutropenic patients requireongo-
ing antibiotic therapy, treatment of C. difficile colitis
is challenging. In addition to therapy with oral
metronidazole (or oral vancomycin in the patient
who has failed metronidazole), it may be helpful to
change the antibiotic regimen to omit clindamycin
or cephalosporins. If the patient is unable to take oral
medication or has severe ileus, i.v. metronidazole is
preferred.

OTHER TOPICS IN ANTIMICROBIAL THERAPY
Pneumocystis prophylaxis 
The use of prophylaxis for Pneumocystis jiroveci (for-
merly P. carinii) pneumonia (PCP) has been most
extensively studied in children with acute lym-
phoblastic leukemia, who have an overall 21% risk of
PCP without prophylaxis, and in whom risk depends
on the intensity of maintenance therapy.37 PCP occurs
in other leukemic patients as well. Prophylaxis with
thrice weekly trimethoprim–sulfamethoxazole (TMP–
SMX) is highly effective.37 Whereas the IDSA guide-
lines do not recommend TMP–SMX prophylaxis for all
neutropenic patients, they do recommend such pro-
phylaxis for all patients at high risk for PCP, whether
neutropenic or not, including leukemic patients
receiving steroid therapy.1 In addition, any patient
with a prior episode of PCP should receive long-term
secondary prophylaxis. 

Antiviral therapy
Although CMV infection is a common occurrence in the
allogeneic HSCT recipient, it is uncommonly seen in the
nontransplanted leukemic patient unless the patient
also has some defect in cellular immunity. Therefore,
anti-CMV therapy is not generally a part of the empiric
regimen in febrile neutropenia. It is, however, appropri-
ate to perform diagnostic tests for CMV in a patient with
persistent unexplained fever or pulmonary infiltrates. 

HSV reactivation may occur in the setting of
chemotherapy and neutropenia, and acyclovir pro-
phylaxis is commonly used to prevent oral mucosal
and perineal HSV in that setting. 

Respiratory viruses, such as influenza, parain-
fluenza, RSV, and adenovirus, can be devastating.
Where such illness is suspected, rapid isolation of the
patient is crucial for prevention of nosocomial trans-
mission. Under certain outbreak circumstances, it may
be appropriate for a whole ward to receive antiin-
fluenza prophylaxis (e.g., with oseltamivir). As
immunocompromised patients may have a subopti-
mal antibody response to yearly influenza vaccination
(though they should still receive it), all health care
workers and family members in contact with neu-
tropenic patients should be strongly advised to be vac-
cinated against influenza, using the injected vaccine
(rather than the inhaled vaccine, which is live). 

Previous infections
When assessing a patient who has had previous signif-
icant infections, previous microbiologic data may be
helpful. For example, a previous catheter-related bac-
teremia with a Pseudomonas resistant to ceftazidime,
even though fully treated, might make the clinician
choose something other than ceftazidime monother-
apy for this patient’s next episode of neutropenic fever. 

Similarly, knowing the details of past invasive fun-
gal infections, and verification that these were treated
with an appropriate length of therapy and radi-
ographic resolution, is crucial. 

Hypogammaglobulinemia
In addition to the immune defect conferred by neu-
tropenia, certain patients may also have humoral
immune defects that contribute to infection risk.
Hypogammaglobulinemia is most frequently seen in
patients with CLL and in the early phase after allo-
geneic bone marrow transplant. Low immunoglobulin
levels (IgG below 400 mg/dl) predispose to recurrent
and severe bacterial infections; immunoglobulin
replacement can be helpful. 

INFECTION CONTROL

Space does not permit a detailed discussion of infec-
tion control issues, but highlights will be briefly out-
lined. The reader is referred to monographs from the
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Centers for Disease Control and Prevention, Infectious
Diseases Society of America, and American Society of
Blood and Marrow Transplantation,38 as well as other
reviews,39 for more details. 

HAND HYGIENE
Although numerous infection control measures have
been proposed to protect neutropenic patients, the
most universal agreement concerns the importance of
hand hygiene. The importance of health care workers’
washing their hands thoroughly before and after
patient contact cannot be overemphasized, yet compli-
ance is surprisingly incomplete. Recently, antimicrobial
hand rubs have been introduced as an alternative to
traditional handwashing, and appear to be effective.39

AIR AND VENTILATION MANAGEMENT
Laminar air-flow rooms and/or high-efficiency particu-
late air (HEPA) filtration have been advocated as mea-
sures to reduce the concentration of potential airborne
pathogens, particularly fungal spores . The efficacy of
such measures is most established for high-risk
patients, such as those with prolonged neutropenia
and/or HSCT transplantation. The importance of such
measures for patients with lower risk, shorter duration
neutropenia is less well established.39

When hospital construction is taking place, it is
prudent to take all preventive measures possible to pre-
vent exposure of vulnerable patients to increased fun-
gal spores. These measures may include masks when
patients leave the floor, protective barriers, air surveil-
lance, or even moving an entire ward during phases of
construction. When outbreaks of unexpected fungal

infection occur, air and ventilation issues in the unit in
question should be thoroughly examined.39

RESPIRATORY ISOLATION AND OTHER 
SPECIAL PRECAUTIONS
As discussed above, patients with suspected respiratory
virus should be placed in isolation rooms with nega-
tive airflow to reduce the possibility of airborne spread
of these viruses to other patients. Visitors with any
symptoms of respiratory infection should not be
allowed to visit the oncology ward. Mild illness in a
visitor could result in devastating infection in one or
more patients.

Documented or suspected tuberculosis or primary
varicella (chickenpox) also require respiratory isola-
tion. Hospitals vary in their infection control measures
for resistant pathogens such as MRSA, VRE, and mul-
tiresistant Gram-negative bacteria. 

OTHER POTENTIAL NOSOCOMIAL EXPOSURES
One of the best-known pathogens to be transmitted
through hospital water sources is Legionella.40

Hospitals vary in their Legionella incidence, and infec-
tion control and surveillance measures differ from one
institution to another. Copper–silver ionization sys-
tems have been described as the most effective way to
control potential sources.40

Hospital visitors should not be permitted to visit if
they have any fever or respiratory illness. Visitors
should wash their hands before and after leaving the
patient’s room. In outbreak settings such as respiratory
viruses in the community, it may be prudent to restrict
visitation to immediate family members. 

Chapter 34 ■ Management of Fever and Neutropenia in Leukemia 319

REFERENCES

1. Hughes WT, Armstrong D, Bodey GP et al.: 2002 Guidelines
for the use of antimicrobial agents in neutropenic patients
with cancer. Clin Infect Dis 34:730–751, 2002. 

2. Rolston KV: New trends in patient management: risk-
based therapy for febrile patients with neutropenia. Clin
Infect Dis 29:515–521, 1999. 

3. Bodey GP: Infections in cancer patients. Cancer Treat Rev
2:89–128, 1975. 

4. Shlaes DM, Binczewski B, Rice LB: Emerging antimicro-
bial resistance and the immunocompromised host. Clin
Infect Dis 17(suppl 2):S527–S536, 1993. 

5. Zinner SH: Changing epidemiology of infections in
patients with neutropenia and cancer; emphasis on
Gram-positive and resistant bacteria. Clin Infect Dis 29:
490–494, 1999. 

6. Cohen J, Donnelly JP, Worsley AM, et al.: Septicaemia
caused by viridans streptococci in neutropenic patients
with leukemia. Lancet 2(8365–8366): 1452–1454, 1983. 

7. Paterson DL, Ko WC, Von Gottberg A, et al.: Antibiotic
therapy for Klebsiella pneumoniae bacteremia: implications
of production of extended-spectrum beta-lactamases. Clin
Infect Dis 39:31–37, 2004. 

8. Kirkpatrick IDC, Greenberg HM: Gastrointestinal com-
plications in the neutropenic patient: characterization
and differentiation with abdominal CT. Radiology
226:668–674, 2003.

9. Maschmeyer G, Beinert T, Buchheidt D, et al.: Diagnosis
and antimicrobial therapy of pulmonary infiltrates in
febrile neutropenic patients—guidelines of the Infectious
Diseases Working Party (AGIHO) of the German Society
of Hematology and Oncology (DGHO). Ann Hematol
82(suppl 2):S118–S126, 2003.

10. Kuhlman JE, Fishman EK, Siegelman SS: Invasive pul-
monary aspergillosis in acute leukemia: characteristics
findings on CT, the CT halo sign, and the role of CT in
early diagnosis. Radiology 157:611–614, 1985.

11. Raad I, Abbas J, Whimbey E: Infection control of noso-
comial respiratory virus disease in the immunocompro-
mised host. AM J Med 102(3A):48–52, 1997.

12. Barza M, Iaonnidis JP, Cappelleri JC, Lau J: Single or 
multiple daily doses of aminoglycosides: a meta-analysis.
BMJ 312:338–345, 1996.

13. Ramphal R: Is monotherapy for febrile neutropenia still
a viable alternative? Clin Infect Dis 29:508–514, 1999. 



14. Paul M, Soares-Weiser K, Leibovici L: Beta lactam
monotherapy versus beta lactam-animoglycoside combi-
nation therapy for fever with neutropenia: systematic
review and meta-analysis. BMJ 326:1111, 2003. 

15. Rubin M, Hathorn JW, Marshall D, et al.: Gram-positive
infections and the use of vancomycin in 550 episodes of
fever and neutropenia. Ann Intern Med 108:30–35, 1988.

16. Hospital Infection Control Practices Advisory Committee:
Recommendations for preventing the spread of van-
comycin resistance. Recommendations of the Hospital
Infection Control Practices Advisory Committee (HICPAC).
MMWR Recomm Rep 44(RR-12):1–13, 1995.

17. Rolston KV: Oral antibiotic administration and early
hospital discharge is a safe and effective alternative for
treatment of low-risk neutropenic fever. Cancer Treat Rev
29:551–554, 2004. 

18. Freifeld A, Marchigiani D, Walsh T, et al.: A double-blind
comparison of empirical oral and intravenous antibiotic
therapy for low-risk febrile patients with neutropenia dur-
ing cancer chemotherapy. N Engl J Med 341:305–311, 1999. 

19. Klastersky J, Paesmans M, Rubenstein EB, et al.: The
multinational association for supportive care in cancer
risk index: a multinational scoring system for identify-
ing low-risk febrile neutropenic cancer patients. J Clin
Oncol 18:3038–3051, 2000. 

20. Bennett JE, Powers J, Walsh T, et al.: Forum report: issues
in clinical trials of empirical antifungal therapy in treat-
ing febrile neutropenic patients. Clin Infect Dis 36(suppl
3): S117–S122, 2003. 

21. Marr KA: Antifungal therapy for febrile neutropenia:
issues in clinical trial design. Curr Opin Investig Drugs 5:
202–207, 2004. 

22. Winston DJ, Chandrasekar PH, Lazarus HM, et al.:
Fluconazole prophylaxis of fungal infections in patients
with acute leukemia. Results of a randomized placebo-
controlled, double-blind, multicenter trial. Ann Intern
Med 118:495–503, 1993.

23. Winston DJ, Hathorn JW, Schuster MG, Schiller GJ,
Territo MC: A multicenter, randomized trial of flucona-
zole versus amphotericin B for empiric antifungal therapy
of febrile neutropenic patients with cancer. Am J Med
108:282–289, 2000.

24. Boogaerts M, Winston DJ, Bow EJ, et al.: Intravenous and
oral itraconazole versus intravenous amphotericin B
deoxycholate as empirical antifungal therapy for persis-
tent fever in neutropenic patients with cancer who are
receiving broad-spectrum antibacterial therapy. A random-
ized, controlled trial. Ann Intern Med 135: 412–422, 2001. 

25. Rotstein C, Bow EJ, Lavardiere M, et al.: Randomized
placebo-controlled trial of fluconazole prophylaxis for
neutropenic cancer patients: benefit based on purpose
and intensity of cytotoxic therapy. The Canadian
Fluconazole Prophylaxis Study Group. Clin Infect Dis 28:
331–340, 1999. 

26. Menichetti F, Del Favero A, Martino P, et al.: Preventing
fungal infection in neutropenic patients with acute
leukemia: fluconazole compared with oral amphotericin
B. The GIMEMA Infection Program. Ann Intern Med 120:
913–918, 1994.

27. Menichetti F, Del Favero A, Martino P, et al.:
Itraconazole oral solution as prophylaxis for fungal

infections in neutropenic patients with hematologic
malignancies: a randomized, placebo-controlled, double-
blind, multicenter trial. GIMEMA Infection Program.
Clin Infect Dis 28:250–255, 1999. 

28. Wingard JR, Merz WG, Rinaldi MG, et al.: Increase in
Candida krusei infection among patients with bone
marrow transplantation and neutropenia treated pro-
phylactically with fluconazole. N Engl J Med 325:
1274–1277, 1991.

29. Prentice HG, Hann IM, Herbrecht R, et al.: A randomized
comparison of liposomal versus conventional ampho-
tericin B for the treatment of pyrexia of unknown origin
in neutropenic patients. Br J Haematol 98:711–718, 1997.

30. Mattiuzzi GN, Estey E, Raad I, et al.: Liposomal
amphotericin B versus the combination of fluconazole
and itraconazole as prophylaxis for invasive fungal
infections during induction chemotherapy for patients
with acute myelogenous leukemia and myelodysplastic
syndrome. Cancer 97:450–456, 2003.

31. Wingard JR, White MH, Anaissie E, et al.: A randomized
double-blind comparative trial evaluating the safety of
liposomal amphotericin B versus amphotericin B lipid
complex in the empirical treatment of febrile neutrope-
nia. Clin Infect Dis 31:1155–1163, 2000.

32. Walsh TJ, Finberg RW, Arndt C, et al.: Liposomal
amphotericin B for empirical therapy in patients with
persistent fever and neutropenia. N Engl J Med 340:
764–771, 1999.

33. Walsh TJ, Pappas P, Winston DJ, et al.: Voriconazole
compared with liposomal amphotericin B for empirical
antifungal therapy in patients with neutropenia and
persistent fever. N Engl J Med 346:225–234, 2002.

34. Gotzsche PC, Johansen HK: Routine versus selective
antifungal administration for control of fungal infec-
tions in patients with cancer. Cochrane Database Syst Rev
CD000026, 2002. 

35. Bow EJ, Lavardiere M, Lussier N, et al.: Antifungal prophy-
laxis for severely neutropenic chemotherapy recipients: a
meta-analysis of randomized-controlled clinical trials.
Cancer 94:3230–3246, 2002.

36. Glasmacher A, Prentice A, Gorschluter M, et al.:
Itraconazole prevents invasive fungal infections in neu-
tropenic patients treated for hematologic malignancies:
evidence from a meta-analysis of 3,597 patients. J Clin
Oncol 21:4615–4626, 2003.

37. Hughes WT, Rivera GK, Schell MJ, Thornton D, Lott L:
Successful intermittent chemoprophylaxis for
Pneumocystis carinii pneumonitis. N Engl J Med 316:
1627–1632, 1977.

38. Centers for Disease Control and Prevention: Guidelines
for preventing opportunistic infections among
hematopoietic stem cell transplant recipients. MMWR
Recomm Rep 49:1–125, 2000. 

39. Avery RK, Longworth DL: Infection control issues after
hemopoietic stem cell transplantation. In: Bowden RA,
Ljungman P, and Paya CV (eds.) Transplant Infections.
2nd ed. Philadelphia, PA: Lippincott Williams and
Wilkins; 2003:chap 36, 577–588. 

40. Sabria M, Yu VL: Hospital-acquired legionellosis: solu-
tions for a preventable infection. Lancet Infect Dis 2:
368–373, 2002.

Part I ■ LEUKEMIA320



AUTOLOGOUS STEM CELL 
TRANSPLANTATION: INTRODUCTION 
AND HISTORY

INTRODUCTION
If high-dose therapy (HDT) and autologous stem cell
transplant (ASCT) are to be successful as a curative
therapy for leukemia, then one or more of the follow-
ing must be true:

1. HDT overcomes drug resistance, and therefore elimi-
nates minimal and otherwise undetectable leukemic
burden in the patient that could potentially lead to
relapse.

2. The processing and purging of stem cells eliminates
contaminating leukemia cells from the graft, thereby
resulting in cure, once HDT has been administered.

3. There is some not-well-understood difference between
high-dose chemotherapy (HDCT) and conventional
dose therapy that stimulates the host immune system
to eradicate minimal residual leukemia cells in a form
of adoptive immunotherapy.

Numerous phase III trials have compared standard,
dose-intensive chemotherapy for acute leukemia to
ASCT.  Limitations of the studies’ designs and/or exe-
cution has, however, left many questions at present
unanswered, making the precise utility of ASCT in
the treatment of leukemia still a point of great
debate.

HISTORY
The potential for cryopreservation of human cells was
first realized in the late 1940s,1 when viability of sper-
matocytes following long-term, ultra-low temperature
storage in glycerol was initially reported. Approximately
one decade later, dimethylsulfoxide (DMSO) was also
shown to be an effective cyropreserving agent.2

Following successes in the development of myeloabla-
tive chemotherapy, attempts to provide the clinical
benefits of myeloablative therapy to patients who
lacked histocompatible marrow donors were under-
taken. The first report of autologous stem cell trans-
plantation for acute myeloid leukemia (AML) was pub-
lished in the late 1970s by Gorin et al.3 This patient
with AML had had marrow collected and cryopreserved
at first remission that was thawed and reinfused follow-
ing a myeloablative regimen at the time of first relapse.
Fefer et al. reported a series of patients with refractory
AML who underwent syngeneic donor transplants, and
also demonstrated long-term relapse-free survival
(RFS).4 A number of reports followed, utilizing first
remission marrow for hematopoetic rescue after HDT
for refractory AML, all demonstrating high response
rates, but few cures. With these promising reports of
activity, the procedure was moved earlier into the
course of disease, at first or subsequent remission.

AUTOLOGOUS STEM CELL
TRANSPLANTATION FOR ACUTE
MYELOGENOUS LEUKEMIA 

RATIONALE
Increased dose and dose intensity of post-remission
therapy have been shown to clearly improve outcome
in AML. In 1988, Cassileth et al. demonstrated that
low-dose cytosine arabinoside (Ara-C) maintenance
CT was superior to no post-remission therapy in first
remission AML.5 Indeed, all patients who did not
receive further therapy relapsed, with a median time
to progression of only 4 months. Subsequent studies
established a dose response effect of post-remission
cytarabine among patients under the age of 60, ulti-
mately leading to 4-year continuous complete
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remissions in more than 40% of patients treated with
the most dose-intensive regimens.6 These data
strongly suggested that increasing intensity of post-
remission therapy was a critical strategy to achieve
cure of AML. SCT was the logical progression of this
idea: administering myeloablative doses of CT, hope-
fully toxic enough to leukemic cells that hematopoi-
etic stem cell (HSC) replacement was necessary for
marrow recovery.

PROGNOSTIC FACTORS
A number of patient characteristics have now been
identified as prognostic factors in the treatment of AML
(Table 35.1). Interpretation of clinical trial results must
take into account these different prognostic subtypes.
Factors that have consistently been found to predict
poor therapeutic outcome with standard CT include
old age, high white blood cell (WBC) count at diagno-
sis, AML arising from an antecedent stem cell disor-
der (e.g., myelodysplasia), therapy-related leukemia,
extramedullary disease, more than one cycle of induc-
tion chemotherapy to achieve complete remission
(CR), MDR-1 expression by flow cytometry, poor-risk
cytogenetics (including abnormalities of chromosomes
3q, 5q, 7, 11q23, or complex karyotype), internal tan-
dem duplications of the FLT3 receptor tyrosine kinase,
or the presence of minimal residual disease at comple-
tion of consolidation CT (Table 35.2).7–11 Favorable
prognostic factors include the lack of the above charac-
teristics. In addition, these include cytogenetic abnor-
malities, such as the 15;17 translocation in acute
promyelocytic leukemia, or transcriptional repression
of the core binding factor complex associated with 8;21
translocation or inversion of chromosome 16.9

In general, patients with secondary or therapy-related
AML, myelodysplasia, and residual cytogenetic abnor-
malities are rarely treated with ASCT. All other subgroups
have been considered appropriate for clinical trials.

METHODS OF SCT
Myeloablative regimens
A number of myeloablative regimens have been used
for SCT in AML. The two most common were derived

by the pioneering work in AML by the Seattle and
Johns Hopkins groups. To this day, total body irradia-
tion (TBI) and cyclophosphamide (Cy) or the busulfan
(Bu) and Cy, are the most common regimens utilized.
Traditional Bu/Cy consists of 1 mg/kg oral Bu given
every 6 h for 16 total doses (16 mg/kg), followed by
2–4 days Cy for a total of 120–200 mg/kg. Most centers
utilize the Bu/Cy (2) regimen, as comparison between
it and Bu/Cy (4) has shown reduced toxicity for BuCy
(2) without an impact on efficacy. Recently, Bu dosing
has been guided and adjusted pharmacokinetically by
measuring area under the curve (AUC) to correct for
erratic GI absorption and first-pass hepatic metabo-
lism. Maintenance of steady-state Bu levels within a
narrow range seems to reduce toxicity, particularly
hepatic veno-occlusive disease. More recently, an
intravenous formulation of busulfan has become avail-
able, with the benefit of far more predictable pharma-
cokinetics, minimal patient to patient variability, and
potentially less toxicity. The most common radiation-
containing preparative regimen for autografting is 120
mg/kg Cy with six fractionated doses of 200 cGy. No
definitive data suggest a clear benefit of a radiation-
containing regimen over a CT regimen.

Stem cell source
Pluripotent HSCs can be derived from bone marrow
(BM) via numerous percutaneous aspirations or by
leukapheresis of cells circulating in the blood follow-
ing growth factor stimulation or recent chemotherapy,
or both. Blood-derived stem cells appear to consis-
tently shorten the time to neutrophil and platelet
recovery, compared to BM. Peripheral blood cells have
all but replaced bone marrow in general practice due
to ease of collection, superior engraftment, and equiv-
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FLT3-ITD: fms-like tyrosine kinase 3-internal tandem duplication
mutation.

Table 35.1 Factors that affect relapse risk following
autologous transplantation for leukemia

• Age

• Karyotype

• Minimal residual disease status at time of harvest

• Disease status at time of transplant (initial remission,
second remission, etc.)

• Time from achievement of remission to transplant

• Post-remission chemotherapy prior to harvest (in AML)

• Presence of FLT3-ITD (in AML)

SWOG: Southwest Oncology Group; MRC: Medical Research
Council (United Kingdom); FLT3-ITD: fms-like tyrosine kinase 
3-internal tandem duplication mutation. 

Table 35.2 Risk stratification of acute myeloid leukemia

Favorable
Age �60
WBC �100,000
De novo leukemia
t(15;17); t(8;21); inv16 (or t(16;16))
absence of high risk cytogenetic abnormalities or FLT3-ITD

Unfavorable
Age �60
WBC �100,000
Antecedent hematologic condition (e.g., myelodysplasia) or
prior chemotherapy/radiation
Deletions/monosomies of chromosome 3, 5, 7, or complex
karyotype (�3 per SWOG or �5 per MRC), t6;9, 11q23
rearranged
FLT3-ITD

Intermediate/indeterminate
all others



alence of relapse risk and survival from comparison
studies between the two approaches.12

Stem cell in vitro purging
As stated at the outset of this chapter, due to the
nature of harvesting stem cells in a marrow disorder
such as leukemia, one can expect tumor contamina-
tion of grafts. A number of approaches to reduce
tumor burden among harvested grafts have been
undertaken to reduce the likelihood of relapse follow-
ing ASCT. Such relapses can be expected to arise from
one of the two sources: harvested cells in the autograft,
or unharvested, drug-resistant clones that survive the
preparative regimen. A combination of the two etiolo-
gies is likely. Studies of relapses after syngeneic trans-
plantation demonstrate relapse rates of more than
50%, demonstrating that the myeloablative regimen
itself may be a greater source of therapeutic failure
than inability to achieve a tumor-free graft at the time
of reinfusion.13 The corollary to the syngeneic data,
however, shows that residual leukemia is frequently
present at the time of harvesting. It is therefore not
surprising that grafts should have a high risk of tumor
contamination, and that—even with improvements in
myeloablative regimens—this may contribute to
relapse.

Contamination of autografts at the time of har-
vesting occurs frequently and is readily confirmed
by immunophenotype, clonogenic assay, or PCR.
Experiments in which harvested marrow was trans-
fected with a retroviral construct containing the
neomycin-resistance gene were found to show incor-
poration of the marker gene in a subset of leukemia
cells at the time of relapse. This suggests that a com-
ponent of the relapse was indeed caused by leukemia
cells from the reinfused harvest product.14 Purging of
the graft therefore makes intuitive sense to minimize
the risk of reinfusion of clonogenic leukemia cells.

Purging of marrow is accomplished by chemical,
immunologic, or physical means. Chemotherapeutic
agents such as the prodrugs 4-hydroperoxycyclophos-
phamide (4-HC) or mafosfamide are particularly toxic
to committed progenitors and leukemic blasts, but
spare the earliest hematopoietic elements. These stem
cells express relatively high levels of the detoxifying
enzyme aldehyde dehydroxygenase, decreasing intra-
cellular generation of active metabolites such as phos-
phoramine mustard and limiting stem cell injury from
either agent.15 Regardless of this fact, purging with cyto-
toxic agents lowers stem cell dose. In combination with
the slow self-renewal rates of early progenitors, it is not
surprising that engraftment is typically delayed follow-
ing purging with cytotoxic agents, and this may be
associated with increased bleeding or risk of infection.

Numerous studies have demonstrated that purging
can decrease the degree of leukemic burden in the
autograft, and that this is associated with a lower
relapse rate.16,17 There are no prospective randomized

trials to examine whether purging is associated with
improved survival as compared to unmanipulated
autografts. The largest study investigating the benefits
of purging in AML is a retrospective analysis of nearly
300 autologous transplants from the Autologous Blood
and Marrow Registry.18 In all of these cases, transplan-
tation occurred within 6 months of complete remis-
sion, minimizing the bias of delay prior to transplan-
tation that confounds numerous studies of purging. A
multivariate analysis of this data showed purging with
4-HC was associated with an improved leukemia-free
survival (56% vs 31% in first CR; 29% vs 10% in sec-
ond CR, respectively) and overall survival (62% vs 40%
in first CR; 46% vs 17% in second CR, respectively),
with comparable transplant-related morbidity and
mortality. Significant differences were noted between
the two groups in terms of time to engraftment, with a
median time to ANC �500 of 40 days in the purged
group and 30 days in those receiving unpurged trans-
plants. Differences in regimen-related toxicities, as
well as some disparities in baseline characteristics of
the patients receiving each type of transplant may
have contributed to the study’s findings. However, the
overall survival of 46% among purged transplants
beyond the first remission deserves note, as this sur-
vival is more typical of the survival plateau among his-
torical studies of unpurged transplants in first remission.
Indeed, there are few, if any large series of unpurged
transplants that significantly exceed this level, regardless
of disease status.

A number of monoclonal antibodies have been
employed to purge contaminating early hematopoietic
cells, such as anti-CD33 and CD14, along with
immunomagnetic beads or complement fixation.19–22

Other methods that have been used include density-
gradient centrifugation, elutriation, hyperthermia,
and cytokines, such as interleukin-2.23 Like the effect
of chemotherapeutic purging, molecular and
immunologic purging of autografts, even when associ-
ated with reduction in leukemic burden, lowers stem
cell count. Numerous retrospective and phase II stud-
ies have shown that graft manipulation delays engraft-
ment. Attempts to use myeloid growth factors, such as
granulocyte or granulocyte-monocyte stimulating
factors have not been pursued to determine if
these agents can minimize some of this toxicity.
Alternatively, amifostine has been examined as a cyto-
protective agent, to allow for the sparing of normal
hematopoietic stem cells in the graft.24

Despite a sound rationale and both laboratory and
clinical evidence for the feasibility and efficacy of
autograft purging, the benefit of purging remains spec-
ulative. The labor-intensive procedure adds substantial
cost to transplant, as well as the potential for increased
transplant-related morbidity from delayed engraft-
ment. This has kept the practice from widespread
acceptance. From available literature, patients that
seem to benefit the most from the practice are those
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who are beyond the first remission at the time of trans-
plant. However, this is a heterogeneous group and this
complicates analysis of data from various centers and
purging agents. It is also unclear if there would be a
benefit of purging marrow obtained in second remis-
sion above that of using stem cells harvested and
stored early in the course of disease (i.e., as soon as fea-
sible once in first remission). In the absence of ran-
domized data, the practice of autograft purging for
leukemia remains investigational at present.

Stem cell in vivo purging
Treatment with chemotherapy, antibodies, or molecu-
larly targeted agents prior to stem cell harvest provides
an ability to perform graft purging in vivo. Given that
relapse following initial remission is universal among
patients with acute leukemia, some form of post-
remission therapy appears necessary to ensure a puri-
fied stem cell harvest. Chemotherapy purging with
high dose cytarabine (HDAC)-containing regimens are
most commonly used to this end, an approach pio-
neered at the City of Hope.25 The number of post-
remission cycles needed for adequate purging is unan-
swered. Additional cytoreduction from multiple cycles
of chemotherapy may produce a “cleaner” harvest, but
whatever benefit is achieved is counterbalanced
against increased regimen-related toxicity, as well as a
decreased ability to adequately collect cells with each
cycle delivered. For this reason, most centers harvest
cells following 1–2 cycles of HDAC-based chemother-
apy. The University of California, San Francisco group
developed a feasible, two-step approach to autologous
transplant based on this work.26 This center used a sin-
gle consolidation cycle of HDAC plus infusional etopo-
side, followed by peripheral stem cell harvest at GCSF-
supported recovery. This approach provided more
than 5 � 106 CD34� cells/kg at collection for more
than 99% of patients so treated. Ninety-one percent of
these patients were subsequently able to receive the
intended stem cell transplant. With a median follow-
up of over 5 years, a disease-free survival of 55% in 133
patients transplanted with unpurged cells was
observed, with a DFS of 74% among those with favor-
able cytogenetics.27

In addition to intensive chemotherapy, a newer
agent that is potentially suitable for in-vivo purging is
gemtuzumab ozogamicin. Gemtuzumab is an anti-
body directed against CD33 that is linked to an
anthracycline-like toxin, calicheamicin. The agent
produces complete responses in approximately one-
third of patients treated at relapse, and is associated
with a favorable toxicity profile compared to reinduc-
tion chemotherapy. However, a number of patients re-
induced with gemtuzumab developed hepatic veno-
occlusive disease during subsequent allogeneic
transplant.28 This has tempered enthusiasm for this
agent in relapsed patients who are expected to proceed
to transplant once in remission. The drug, however,

may not be associated with this toxicity if adminis-
tered during remission, particularly since lower doses
may provide adequate in vivo purging of minimal dis-
ease following stem cell harvest. This approach is cur-
rently being assessed in cooperative group trials.

CLINICAL RESULTS OF AUTOLOGOUS
TRANSPLANTATION FOR ACUTE MYELOID LEUKEMIA
Phase II trials in AML
Numerous phase II trials have demonstrated the effi-
cacy of ASCT as a consolidation therapy for AML in
remission. Trials in second and subsequent remission
generally demonstrate a 20–30% long-term RFS; stud-
ies in first remission show less uniform results, ranging
from 34% to 70% long-term RFS. This likely depends
largely upon quality of pre-transplant in vivo purging
with chemotherapy and pre-treatment cytogenetics.
Given that some studies suggest dramatic efficacy (RFS
of up to 70%), caution must be used in interpreting
these data. Additional factors that might influence
how these results are interpreted include the duration
between initial remission and transplant, baseline dif-
ferences among patients likely to enter innovative tri-
als (generally healthier and younger than historical
controls), and variations in induction, consolidation,
and preparative therapies. Lastly, most relapses follow-
ing ASCT occur within first two years, and therefore
adequate follow up prior to publication is necessary to
avoid premature conclusions of efficacy.

Phase III trials in AML
There have been four large, prospective, randomized
trials comparing the outcome of newly diagnosed
patients with AML treated with post-remission inten-
sive consolidation chemotherapy versus autologous
versus allogeneic transplant and a fifth comparing auto
to allo-BMT (Table 35.3). In all cases, allogeneic trans-
plant was not based upon randomization, but on avail-
ability of a human leukocyte antigen (HLA)-matched
sibling donor. Randomization of remaining patients to
either chemotherapy or autologous transplantation
was performed. With the exception of the US inter-
group study, the other four studies used unpurged mar-
rows as a stem cell source and none used growth factor
support following marrow reinfusion. All studies pre-
sent their results by intention-to-treat analysis.

The AML-8A EORTC-GIMEMA (European
Organization for the Research and Treatment of
Cancer-Gruppo Italiano Mallatie Ematologiche
Maligne dell’Adulto) trial included 941 eligible and
evaluable children and younger adults with newly
diagnosed AML.29 Median age was 33 years (range
11–59). All patients received infusional ara-C at 200
mg/m2 for 7 days plus daunorubicin 45 mg/m2 by
bolus on days 1–3. Those in remission after 1–2 cycles
received a single course of intensive consolidation,
consisting of intermediate dose cytarabine (500–1000
mg/m2 q12h on days 1–4) with amsacrine. Seventeen
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percent of patients received T-cell depleted grafts using
elutriation. Those assigned to autologous transplant
received at least 1 � 108 nucleated cells/kg, without
graft manipulation or purging. Patients assigned to
intensive consolidation chemotherapy received a sec-
ond intensive chemotherapy cycle consisting of high
dose ara-C (2 gm/m2 q12h on days 1–4) with daunoru-
bicin (45 mg/m2 on days 5–7). 

Of the 941 patients enrolled, the complete remis-
sion rate was 66% (623 patients). Due to early relapses,
toxic death, non-lethal toxicity, or refusal of assigned
therapy, 201 patients received no further therapy than
induction or the single post-remission course of inten-
sive chemotherapy. Of the 422 patients who com-
pleted intensive consolidation and proceeded to fur-
ther therapy, approximately one-third (168) of these
patients were found to be eligible for allo-BMT. The
number of patients randomized to autologous trans-
plant was 128 and 126 to intensive chemotherapy.
Seventy-nine patients (19%) did not receive the
intended post-remission therapy for aforementioned
reasons; these patients were roughly equally distrib-
uted among the three groups. Ultimately, 144 patients

received an allograft, 95 patients received an autograft,
and 104 patients received a second cycle of intensive
chemotherapy.

With the obvious exception of age due to the estab-
lished cutoff in the allo-BMT arm, baseline characteris-
tics were well matched among the treatment arms,
including cytogenetic risk groups, FAB classification,
number of cycles needed to achieve CR, and initial
WBC count at diagnosis. Time to hematopoietic recov-
ery was significantly longer in the autologous group.
The time from documented remission to initiation of
assigned therapy was significantly longer in the
autologous and allogeneic arms (14 and 15 months,
respectively) than in the chemotherapy arm (10
months, p � 0.0001). This delay may have accounted
for the decrease in early relapses in the chemotherapy
group (5 vs 12 and 18 in the autologous and allogeneic
arms, respectively). This difference in timing of therapy
may have selected for high-risk disease among those in
the CT group, since patients destined to ultimately
relapse may have been more likely to have received
their assigned therapy prior to this event due to treat-
ment delay in the other arms. Accordingly, this might
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Table 35.3 AML: Phase III trials of autologous transplant versus intensive chemotherapy or allogeneic transplant

Reference Treatment Purging TRM/deaths Number LFS OS 
in CR (%) tx/intended (%) (%)

Zittoun et al. ABMT No 12 95/128 48 56
(GIMEMA/EORTC
AML-8A)29

DA 9 104/126 30 46

AlloBMT 29 144/168 55 59

Harousseau et al. ABMT No NRa 75/86 44 50
(GOELAMS)31

IA/RA NRa 71/78 40 54.5

AlloBMT NRa 73/78 44 52.5

Burnett et al. (MRC MidAC/AB No 12 126/190 54 57
AML10)32 MT

MiDAC 4 186/191 40 45

AlloBMT 19 257/419 50 55

Cassileth et al. (US ABMT 4-HC 14 63/116 37 47
intergroup)33

HDAC 3 99/118 35 54

AlloBMT 25 105/120 43 46

Suciu et al. ASCT No 4 246/441 42 51
(GIMEMA/EORTC (peripheral 
AML-10)30 blood cells)

AlloBMT 17 202/293 52 58

ABMT: autologous bone marrow transplant; alloBMT: allogeneic bone marrow transplant; DA: daunorubicin, ara-C; IA: idarubicin, ara-C;
RA: rubidazone, ara-C; MiDAC: mitoxantrone, intermediate dose ara-C; HDAC: high dose ara-C; ASCT: autologous stem cell transplant.
a NR not reported by intention-to-treat. The toxic death rate for patients who actually underwent autologous transplant, intensive
chemotherapy, and allogeneic transplant on this study were 6.5%, 3%, and 22%, respectively. Unlike patients assigned allogeneic BMT,
patients treated with either intensive chemotherapy or autologous transplant also underwent an additional cycle of intensive chemother-
apy, associated with a 2.5% mortality rate.



underestimate the treatment effect of their post-
consolidation therapy.

The 4-year RFS estimates were 55%, 48%, and 30%
for allotransplant, autotransplant, and chemotherapy,
respectively. These differences in estimated RFS
between the two transplant arms were non-significant.
However, the survival estimates of either were signifi-
cantly better than that of CT (p 
 0.05). Death in first
remission was most likely in those treated with allo-
BMT. Interestingly, the 4-year OS was not statistically
significantly different in any arm, with rates of 59%,
56%, and 46% for allotransplant, autotransplant, and
CT, respectively (p 
 0.43). A high rate of salvage was
seen among patients treated with consolidation CT
who relapsed. Of these patients, 62% (36/58) achieved
a second remission and nearly two-thirds (22/36) of
those achieving a second remission were subsequently
treated with an autologous transplant. While relapses
among those transplanted in first remission were less
frequent, the salvage rate in the autologous and allo-
geneic arms was inferior, at 38% (11/29) and 40%
(8/20), although the authors did not report whether
this finding was of statistically significance. Second
transplants were rarely performed (two in each treat-
ment arm).

Following these results, the EORTC/GIMEMA aban-
doned the use of intensive post-remission chemother-
apy and designed their next study (AML-10) to com-
pare the benefit of autologous BMT/PSCT with that of
allo-BMT in younger patients.30 To minimize bias, this
study also attempted to place transplant in as early a
point in post-remission therapy as possible and ana-
lyzed the data on the basis of allogeneic donor versus
no donor. Patients in the age group of 15–45 years with
newly diagnosed AML were treated with infusional
ara-C (100 mg/m2 d1-7) and three doses of an anthra-
cycline on days 1, 3, and 5. Patients in CR were treated
with one cycle of intermediate dose ara-C (500 mg/m2

q12h d1-6) and those without a histocompatible sib-
ling underwent either bone marrow or peripheral
blood harvest of stem cells. The intended conditioning
regimen for all patients was Bu/Cy (2), although many
patients received Cy/TBI. Approximately one quarter
of patients assigned to allo-BMT received T-cell deple-
tion. Autologous grafts were unmanipulated.

A total of 1136 patients were eligible for study entry.
Of these patients, 822 (74%) entered a CR following
induction and 734 received further therapy and were
eligible for analysis. Of these, 293 had HLA-matched
siblings and were designated “donor” and the remain-
ing 441 were considered to have “no donor”. The two
groups were well balanced for age, FAB subtype, num-
ber of induction cycles. Cytogenetics were unavailable
in approximately 40% of patients in each group, but
their outcome paralleled the group for which cytoge-
netics was known. For those with a known karyotype,
the two groups were well matched except for highest
risk cytogenetics (abnormal 3q, 5, 7, 11q23, t(6;9),

t(9;22), or complex karyotype), which were seen in
14% patients in the no-donor group but 24% in the
donor group (no p value provided). 69% of patients
who had a donor identified actually received an allo-
geneic transplant and 56% of those lacking a donor
received an autograft. The median follow-up was 4
years; during this time, 293 relapses occurred and 66
patients died in CR1. The 4-year DFS was improved
among those patients with a donor versus no donor
(52% vs 42%, respectively, p 
 0.044), although 9
months of follow-up was needed before the survival
curves showed this difference. Despite this decrease in
relapse risk among those with donors, no statistically
significant difference in overall survival was noted (58%
vs 51% for donor vs no donor, respectively, p 
 0.18).

The French Cooperative, Groupes Ouest Est
Leucemies Aigues Myeloblastiques (GOELAM), trial31

was designed to compare the outcome of patients
treated with two cycles of intensive post-remission
therapy with that of one cycle of intensive chemother-
apy followed by autologous transplantation. This
study enrolled patients from the age group of 15 to 50
in remission following either rubidazone or idarubicin
plus infusional ara-C for 1–2 cycles. Those under 40
years of age with an HLA-identical sibling received an
allogeneic transplant. Most of these patients were
treated with one cycle of post-remission amsacrine and
standard dose ara-C (100 mg/m2 SQ) while awaiting
allogeneic transplant. The remaining patients on the
study received one cycle of intensive chemotherapy
using high dose ara-C (3 gm/m2 q12 h d1-4) and idaru-
bicin or rubidazone. These patients were randomized
either to receive a subsequent autologous transplant or
a second cycle of intensive chemotherapy using etopo-
side and amsacrine. Unmanipulated bone marrow was
harvested following the first intensive consolidation
cycle and contained at least 1 � 108 nucleated cells/kg.
The conditioning regimens for the autologous trans-
plant arm was Bu/Cy (4) in all patients. Those receiving
an allogeneic transplant were predominantly condi-
tioned with Cy/TBI, although about one-fourth of
patients received Bu/Cy. No T-cell depletion was per-
formed and most patients received cyclosporine plus
methotrexate as immunosuppression and GVHD pro-
phylaxis. The median follow-up was 62 months.

The median age of enrolled patients was 36 years.
Of the 504 enrolled and evaluable patients, 367 (73%)
achieved a CR, with no statistical difference in the suc-
cess or toxicity of the two induction regimens. Of the
patients in CR, 88 were assigned to allo-BMT and 73
actually received the intended therapy. Of the remain-
ing patients eligible for randomization, only 164 were
able to be randomized, with 86 assigned auto-SCT and
78 assigned CT. The large patient drop out prior to ran-
domization was due to early relapse, poor hematologic
reconstitution, infections, toxic death, patient refusal,
or protocol violations. The time from initial remission
to intended therapy was shortest in those who
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received allogeneic transplants (68 days), followed by
CT (91 days) and autologous transplant (109 days).
Baseline characteristics in terms of cytogenetic groups,
FAB classification, presenting WBC, or number of
cycles required for initial CR were well matched
between groups, with the exception of the cytogenetic
risk profile of the group assigned allo-BMT, which had
a statistically significant lower percentage of patients
with intermediate or unfavorable risk karyotypes (17%
vs 47% in CT arm, p 
 0.001). The 4-year RFS and OS
were 44% and 52.5% for allo-BMT, 44% and 55% for
ABMT, and 40% and 54.5% for CT, with all compar-
isons among groups not statistically significant. The
time to hematopoietic recovery was similar for the
ABMT and CT groups, except for that of time-to-
platelet recovery, which was significantly longer in the
transplant group (110 vs 19 days), likely again related
to the relatively low stem cell dose.

The UK Medical Research Council AML 10 trial32

asked a very different question from the previously
described studies. It examined whether autologous or
allogeneic transplant improved outcome in patients
who had otherwise completed a full course of inten-
sive post-remission chemotherapy. In this study, newly
diagnosed children and young adults (age less than 56
years) were randomly assigned to either daunorubicin,
ara-C, and etoposide (ADE) or daunorubicin, ara-C,
and thioguanine (DAT) for two cycles, with those in
CR proceeding to one cycle of standard-dose ara-C
(200 mg/m2 CI d1-5) based consolidation. Patients
with HLA-identical siblings were eligible to receive an
allogeneic BMT following an additional cycle of inter-
mediate dose ara-C (1 gm/m2 d1-3) plus mitoxantrone
(MiDAC). The remainder underwent bone marrow
harvest of at least 1 � 108 nucleated cells followed by
MiDAC consolidation. Following this cycle, patients
were randomized to receive either an unpurged autol-
ogous transplant or no further therapy. If patients
relapsed in the observation group, reinduction was
attempted and those salvaged were consolidated with
autologous cells from the prior harvest. The myeloab-
lative preparative regimen was Cy/TBI for both allo-
geneic and autologous transplants and patients
received immunosuppression and GVHD prophylaxis
based upon institutional preferences.

Of the 1857 patients enrolled on this trial, 81%
(1509) entered CR. Number of patients in CR found to
have HLA-matched sibling donors was 370, leaving
1131 patients eligible for randomization. However, the
majority (620) of these patients were not randomized,
with most choosing not to receive treatment after the
fourth cycle of chemotherapy (481), and some choos-
ing autologous transplant (79). Only 25% of those ini-
tially entering remission (381) were randomized to
either autologous BMT (n 
 190) or no further therapy
(n 
 191) following four cycles of chemotherapy. Of
the patients randomized to autologous transplant, 126
received the intended therapy (66%). The median

bone marrow harvest dose was 2.18 � 108 mononu-
clear cells/kg. Patients randomized to autologous BMT
showed a significant reduction in relapse risk as com-
pared to those assigned no further therapy (37% vs
58%, p 
 0.0007). There was no evidence for a
weighted risk reduction based on age or cytogenetic
risk group. Relapse following autologous transplant
was associated with a notably poorer risk of achieving
a second CR than among patients who had received no
further therapy (34% vs 59%). No difference in sur-
vival was seen between autologous transplant and
those who received no further therapy (57% vs 45%, 
p 
 0.2). Most relapses in the auto-BMT group
occurred within 2 years, while there was an increase in
relapses after 2 years in remission among those who
received no further therapy. When survival past 2
years was analyzed separately, a statistically significant
benefit for autologous BMT was seen. A subsequent
analysis based upon allogeneic donor versus no-donor
status showed a statistically significant decrease in
relapse risk at 7 years based on the presence of a donor
(36% vs 52%, p 
 0.0001), but only a trend toward
improved survival (56% vs 50%, p 
 0.1) was noted. 

In addition to the small number of patients who
were eligible for randomization, a criticism of this
study is that the total post-remission dose of ara-C is
relatively low in comparison to other randomized
studies of consolidation therapy. Patients treated with
MACE and MiDAC received a total of 4 gm/m2 of ara-C.
By contrast, those treated on the EORTC/GIMEMA
study received a total of 20 gm/m2, patients on the
GOELAM trial received 24 gm/m2, those on the US
intergroup study received 36 gm/m2,33 and, finally,
those treated on the initial CALGB study that estab-
lished the benefits of dose escalating post-remission
ara-C received an impressive 72 gm/m2 over their four
consolidation cycles.6 The UK MRC-AML10 is the only
study of the four phase III trials comparing intensive
chemotherapy with autologous or allogeneic trans-
plant to show a significant survival benefit of autolo-
gous transplant compared with intensive chemother-
apy. In this context, one must question if the
post-remission therapeutic intensity of the chemother-
apy arm was adequate to draw any firm conclusions
regarding its efficacy.

The Eastern Cooperative Oncology Group-led
North American Intergroup trial33 enrolled patients
with newly diagnosed AML between the age groups of
16 and 55. Subjects received induction therapy with
1–2 cycles of idarubicin and infusional ara-C (3�7) fol-
lowed by intensification with identical agents (2�5).
Patients with HLA-compatible siblings were assigned
to allo-BMT using Bu/Cy (4) conditioning and all oth-
ers were randomized to receive either a single cycle of
high dose ara-C (3 gm/m2 q12 h d1-6) or ABMT using
Bu/Cy (4) conditioning and perfosfamide (4-HC, 4-
hydroperoxycyclophosphamide) purging. The CR rate
for the 740 evaluable patients enrolled was 70% (518).
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Of these enrolled patients 120 were assigned to allo-
BMT; 116 and 120 patients were randomized to ABMT
and HDAC consolidation, respectively. Ultimately 105,
63, and 99 patients went on to receive their assigned
allotransplant, autotransplant, or HDAC consolidation,
respectively. With a median follow-up of 4 years, DFS
was not significantly different at 43%, 37%, and 35%,
respectively. OS was slightly better in the HDAC arm, at
54%, than either tha allo- or auto-BMT arms at 46% and
47%, respectively (p 
 0.05). The 100-day mortality
after post-remission therapy was 3% in the HDAC arm,
14% in the auto-BMT arm, and 21% in the allo-BMT
arm. The median time-to-platelet recovery was 64 days
in the autoBMT arm versus 24 days in the alloBMT arm.
Subsequent studies by the same cooperative group
using unpurged peripheral blood stem cells have shown
comparable efficacy with transplant-related mortality of
0% (n 
 32), suggesting that the use of bone marrow
source and purging may have accounted for some of the
surprisingly high mortality rate in this arm.34

Correlation of cytogenetic risk group with response
to autologous transplant in AML
A benefit of the five randomized comparisons of post-
remission therapy was the enrollment and categoriza-
tion of more than 4000 patients with AML in the US,
UK, and Western Europe. Several publications have
reinforced the concept that pre-treatment karyotype is
among the strongest predictors of outcome for newly
diagnosed patients. Classifications of favorable, inde-
terminate/intermediate, and poor-risk (see Methods of
SCT) were applied fairly uniformly to the various stud-
ies. Regardless of the differences in treatment algo-
rithms on the individual trials, the three risk groups
showed remarkably similar long-term outcome from
study to study, validating this prognostic model.
Subgroup analyses of the various treatment arms
ensued to determine if a particular post-remission
approach (CT, ABMT, or alloBMT) was best suited to
particular risk groups. 

The MRC-AML 10, US-intergroup, and EORTC/
GIMEMA AML-10 studies all included detailed analyses
based upon cytogenetic risk groups.30–36 In both the US
intergroup and EORTC/GIMEMA study, patients with
poor-risk cytogenetics had a dismal leukemia-free and
overall survival when treated with intensive chemother-
apy or autoBMT. When analyzed on a donor versus no-
donor basis, the difference in overall survival was
improved among those with donors, and this met statisti-
cal significance in both studies (p 
 0.043 and p 
 0.035,
respectively). By contrast, the MRC study showed no sta-
tistically significant benefit to any arm. Patients with
indeterminate/intermediate cytogenetic risk showed no
consistent benefit to any post-remission strategy in any
of the studies. The results in the favorable cytogenetics
group varied most from study to study. In each study,
however, the allograft arm had an inferior overall sur-
vival, and this met statistical significance in the MRC

study. In the US intergroup study, autografted patients
in the favorable risk cytogenetics group had a superior
survival to those treated with chemotherapy or allo-
grafting. However, this study had a surprisingly poor
outcome of those in the favorable risk category who
were treated with high dose ara-C consolidation. Indeed,
in comparison to historical controls9 or even to patients
in the study with indeterminate/intermediate risk cyto-
genetics, the favorable risk group had notably inferior
disease free and overall survival.

The benefit of autologous BMT for acute promyelo-
cytic leukemia is well established by several trials. FAB
M3 disease was allowed on all of the randomized phase
III studies listed above except for the EORTC/GIMEMA
AML10, which began accrual following the widespread
availability of all-trans retinoic acid in induction regi-
mens. Given the superb results of ATRA-based
chemotherapy regimens (OS of approximately 70%), it
is felt that historical results of autologous transplant or
allogeneic transplant in CR1 do not improve upon this
performance. Given the increased toxicity associated
with these regimens, transplantation in CR1 is not jus-
tified. Most patients with M3 AML do not receive
transplantation unless they relapse and subsequently
achieve a second remission with reinduction
chemotherapy. Several studies have looked at the out-
come of transplants for second remission APL, and the
outcome of autologous transplant in this setting is
excellent. Meloni et al. showed that achieving a mole-
cular remission by RT-PCR for PML-RARa fusion was a
strong predictor of survival following unpurged auto-
graft in CR2. Although the group studied was small,
the difference in relapse rate among those with RT-PCR
negative harvests (1/9) as compared to those with
detectable minimal residual disease harvests (7/7) was
impressive.37 A larger, retrospective report of the
European Acute Promyelocytic Group38 documented
the outcome of patients with relapsed APL who under-
went successful salvage. Patients who subsequently
underwent autologous transplant had a superior over-
all survival compared to those who received an allo-
geneic transplant or chemotherapy alone (60 vs 52 vs
40%, respectively, p 
 0.04). A potential limitation of
these data is the absence of arsenic for salvage, which
is currently considered the standard of care and might
obviate the need for subsequent transplantation.

Autologous BMT for AML: Conclusions
Adult patients with AML in first CR currently have
three effective post-remission therapies. Five large,
randomized trials have failed to establish clear superi-
ority of one approach over another, although available
data suggest that patients with high risk cytogenetics
may be best benefited by allografting, when feasible.
Autologous transplant for AML in first complete remis-
sion seems to provide comparable leukemia-free and
overall survival to allogeneic transplant for patients with
standard or favorable risk cytogenetics. In comparison

Part I ■ LEUKEMIA328



to intensive chemotherapy, autologous transplant may
provide superior initial antileukemic therapy, particu-
larly among those with favorable cytogenetics, but has
not clearly been shown to offer a survival benefit. This
is likely due to the high salvage rate among those
treated with intensive chemotherapy, many of whom
may receive subsequent myeloablative therapy in sec-
ond remission. Quality of life scores among patients
treated with autologous transplant are typically supe-
rior to those of patients who underwent allogeneic
transplant but inferior to those of patients treated with
intensive chemotherapy, particularly regarding
impaired fertility and libido.39 The choice of post-
remission therapy remains largely an individual one,
based on cytogenetics and other risk stratification,
availability of histocompatible sibling donors, as well
as physician and patient preference.

The benefits of ABMT for patients with AML in sec-
ond and subsequent remissions are clear, particularly
for those without HLA-compatible donors and patients
with acute promyelocytic leukemia, given the low like-
lihood of conventional chemotherapy to be curative.
Because of the efficacy of all-trans retinoic acid plus
anthracycline-based chemotherapy at inducing remis-
sion and preventing relapse with comparably low tox-
icity, autologous transplant should no longer be
offered to patients with acute promyelocytic leukemia
in first CR. However, ABMT in second remission
should be considered the standard of care for patients
without RT-PCR evidence of PML-RAR fusion. There
remains a strong need for innovative phase I and
phase II trials to develop novel therapies in AML.

AUTOLOGOUS STEM CELL
TRANSPLANTATION FOR ACUTE 
LYMPHOBLASTIC LEUKEMIA

RATIONALE
Acute lymphoblastic leukemia (ALL) is an uncommon
disease in adults. It is initially very responsive to
chemotherapy and the vast majority enters remission.
However, relapse is common and the ultimate long-
term survival rate hovers at approximately 20–30%.
Poor prognostic factors include very young or old age,
high WBC count at diagnosis, the presence of the
Philadelphia chromosome (Ph�), and slow initial
response to therapy (Table 35.4).40

The chance for long-term RFS after relapse without
transplant is very limited. It seems paramount to ade-
quately achieve initial leukemic control due to low
response rate to salvage and lack of durability of subse-
quent remissions, regardless of consolidation strategy.

PURGING
In vitro HSC purging is well studied in ALL, due to the
well-known antigens that characterize this disease and
the ability to raise monoclonal antibodies (mAbs)

against these antigens, mAbs against anti-CD 9, 10, 19,
20 have been most commonly used in B-cell ALL41 and
anti-CD5, and anti-CD7 for T-cell ALL.42 Similar anti-
bodies have been combined with immunotoxins or
magnetic beads. 4-HC has also been used as a purging
agent. In vitro laboratory studies demonstrate signifi-
cant reduction in contaminating tumor cells, but, as
with other purging techniques, there has not been sub-
stantial clinical evidence to demonstrate the efficacy
of this procedure. Most recently, CD34 selection
columns have been used to positively screen and select
pluripotent HSCs and to passively purge pure contam-
inating leukemia cells. The limited degree of selection
of these devices, and the possibility of CD34 expres-
sion on leukemic blasts, make this approach less
promising. In vivo purging with mobilizing chemother-
apy prior to blood stem cell collection is also under
investigation in ALL.

The development of imatinib is increasing interest
in autografting in Ph� ALL. The drug is being investi-
gated as an in vivo purging agent, as well as post-auto-
graft maintenance therapy. Already, several groups—
notably MD Anderson and the German Multicenter
ALL cooperative group—have reported feasibility of
incorporating imatinib into standard regimens such as
Hyper-CVAD43 and BFM-style inductions. In the latter
group, greater molecular responses at the time of stem
cell harvest were noted when imatinib was started
within two weeks of initiation of chemotherapy and
no planned treatment breaks occur up to the time of
stem cell mobilization.44 The ECOG/MRC ALL study
has recently amended its treatment protocol to incor-
porate 4 weeks of imatinib as in vivo purging prior to
stem cell harvest, as well as maintenance post trans-
plant for all Ph� patients. As is true with the agent in
CML, longer follow-up of clinical trials is necessary to
see if the often impressive early hematologic and cyto-
genetic responses to imatinib are paired with clinically
meaningful outcomes such as improved LFS and OS.

There are case reports showing successful use of rit-
uximab for CD20� ALL as in vivo purging but no large
series or trials to support its use.45,46 Unfortunately, the
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Table 35.4 Risk stratification of acute 
lymphoblastic leukemia

High risk

Time to CR �4 wks

t(9;22) (BCR-ABL) or t(4;11), t(1;19), �8, �7

WBC �100,000 (for precursor-B ALL)

Age �30

Favorable risk

Time to CR �4 weeks

No high risk cytogenetics 

Precursor-T ALL or precursor-B ALL with WBC �30,000

Age �30



antigen is only rarely expressed among precursor B-ALL,
making its use in autologous transplant only suitable
to a minority of patients. Due to frequent expression
in Burkitt (FAB L3 ALL) leukemia, it may be an attrac-
tive choice in the small number of patients with this
disease who require autografting.

A final antibody that may ultimately prove relevant
as an in vitro purging agent is the anti-CD52 mAb
(Campath 1H). CD-52 is expressed in the majority of
pre-B ALL, and alemtuzumab is well tolerated as an
injectible chemotherapy in the treatment of B-cell
malignancies. The drug is already being used as an
immunomodulatory agent in allogeneic transplanta-
tion due to its in vivo T-cell depletion ability without
the typical side effects of reduced stem cell dose from
graft manipulation. Whether the drug will develop a
role in autologous transplantation remains to be seen,
but it has been employed successfully in small series.22

HIGH DOSE REGIMENS
Common regimens for ALL include cytoxan and TBI,
with or without the addition of etoposide. Traditionally,
the TBI is fractionated, sometimes with an increased
dose of 1200–1400 cGy, particularly in the pediatric
population. No one regimen has been demonstrated to
be superior to another. Rapid engraftment is typically
seen.

CLINICAL RESULTS OF PHASE II TRIALS OF
AUTOLOGOUS TRANSPLANTATION FOR ACUTE
LYMPHOBLASTIC LEUKEMIA
Numerous small phase II trials have been conducted of
ABMT for ALL, in first or second remission, or with
refractory disease. OS has generally ranged between
5% and 20% for relapsed leukemia and 2-year DFS was
30–60%, when transplant is conducted in first CR.
Interpretation of these trials suffers from the likely
selection bias inherent in phase II trials and the vary-
ing pre-transplant regimens and prognostic factors for
the patients studied.

CLINICAL RESULTS OF PHASE III TRIALS OF
AUTOLOGOUS TRANSPLANTATION FOR ACUTE
LYMPHOBLASTIC LEUKEMIA
The Leucemie Aigues Lymphblastiques de l’Adulte
(LALA) 94 trial47 was a follow-up to the LALA 87 trial,
which randomized patients with newly diagnosed ALL
in remission to standard chemotherapy, autologous
transplant, or allogeneic transplant. This study
showed no difference in outcome between post-remis-
sion therapies in ALL among standard risk disease, but
clear superiority of allogeneic transplant among those
with high-risk disease.48 Autologous transplant
showed a trend toward improved outcome in compar-
ison to standard chemotherapy, but was inferior to
alloBMT among high risk patients. The LALA 94 trial
further examined the role of intensified consolidation
and risk-directed post-remission therapy in a large

multicenter trial. Following a standard, four-drug
induction, patients were stratified into one of four risk
categories. Those with standard risk ALL (defined by
WBC � 30K, time to CR � 4 weeks, absence of high
risk cytogenetics, absence of CNS disease at presenta-
tion, and typical immunophenotype with absent
myeloid markers) were randomized to either standard
or intensive consolidation followed by 2 years of con-
solidation/maintenance. High risk patients (albeit Ph�

and without CNS disease) all received intensive con-
solidation and those who lacked histocompatible
donors were randomized to receive either an autolo-
gous transplant or standard consolidation/mainte-
nance. High risk patients with HLA-matched siblings
received an allogeneic BMT. All Ph� patients received
intensive consolidation and were assigned to allo-
geneic or autologous transplant, depending on avail-
ability of an HLA-matched donor (sibling or unre-
lated). Lastly, patients with CNS disease received triple
intrathecal therapy, whole brain radiation, and inten-
sive consolidation followed by either allogeneic or
autologous transplant, depending on donor status. All
transplants used Cy/TBI conditioning, except for
patients who were Ph�, who also received high dose
etoposide. Autografts were unpurged except in rare
cases.

Over 8 years, the LALA94 study enrolled 1000
patients, of which 922 were evaluable; 771 (84%)
achieved CR; 706 received subsequent therapy and
were risk-stratified. Of the high risk patients, 82 had a
sibling donor and were assigned to transplant. The
remaining 129 were randomized to chemotherapy ver-
sus autologous transplant. Of those randomized to
autograft, 87% actually received the intended therapy.
Seventy-eight Ph� patients were assigned to allo-BMT,
while 65 had no donor. 18 patients with CNS disease
had matched-family donors, while 30 were assigned to
autograft. In all three risk groups where autologous
transplant and/or standard chemotherapy was com-
pared to allo-BMT there was a statistically superior
DFS, 3-year survival, and 5-year survival favoring the
allogeneic arm. In the comparison between autologous
transplant and standard consolidation among high
risk patients, there was a trend among autografted
patients toward improved median LFS (15 vs 11
months, p 
 0.08), 3-year survival (39 vs 24%, no p
value given), and 5-year survival (25 vs 15%, no p
value given). A notable difference in the two groups
was the pattern of relapse, specifically the absence of
late relapses among those autografted. By contrast, the
chemotherapy-treated group had a continuous pattern
of relapse over time.

The largest prospective, randomized trial to assess
the utility of post-remission strategies in ALL is the
ECOG 2993/MRC UKALL XII study, which randomizes
newly diagnosed patients with ALL to either standard
chemotherapy or an autologous PSC transplant.
Patients under age 55 with an HLA-matched sibling are
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given an allo-BMT and those with Ph� disease may
receive a matched, unrelated donor transplant. The
conditioning regimen for all transplants is TBI/VP16.
The study uses a two-month, modified BFM induction
followed by high dose methotrexate and asparaginase
intensification. After intensification, patients receive
either a transplant or four cycles of consolidation fol-
lowed by 18 months of maintenance therapy. Interim
results have been presented in an abstract form.49 To
date, over 1500 patients have been enrolled for this
study worldwide, including more than 550 patients
who received transplants as consolidation therapy.
The CR rate is 93% among those with Ph� disease and
84% in the Ph� subgroup. The trial shows substantial
improvement in the 5-year OS among those treated
with allogeneic transplant as compared to autograft
(55% vs 39%, p � 0.05). The effect was robust regard-
less of age, donor source (sibling or unrelated), or cyto-
genetics. No comparative data among the randomized
arms have been disclosed to date as the study contin-
ues to accrue patients. The survival of patients after
relapse was dismal, with only 13 patients (6%) alive at
5 years after relapse, regardless of subsequent therapy.

CONCLUSIONS
The results of the ECOG 2993/MRC UKALL XII may
ultimately define a role for autologous transplant in
the management of adult ALL. At present, there is no
clear group for which it should be considered a stan-
dard of care. Available data recommend allogeneic
transplant in CR1 for all patients with ALL, though the
data seem to be more robust among high risk patients.
Outside clinical trials, autologous transplantation
should be reserved for patients with poor prognostic
factors in first remission who are not candidates for
allogeneic SCT, or patients in second and subsequent
remission.

AUTOLOGOUS SCT FOR CHRONIC 
MYELOGENOUS LEUKEMIA

HISTORY
CML has traditionally been the most common indica-
tion for allogeneic transplantation and the curative
potential of allo-BMT in this disease is well established.
The majority of preparative regimens used for leukemia
were developed to treat this disease. It was also the
model for adoptive immunotherapy in the form of
graft-versus-tumor that established the practice of
donor lymphocyte infusion. The development of ima-
tinib has substantially decreased the number of
patients who are treated with stem cell transplants, but
it remains the standard bearer for patients treated with
curative intent.

Autologous transplant plays a less established role
in CML management than allogeneic BMT. However,
given the lack of potential histocompatible donors for

many patients, as well as the tendency for the disease
to present after the age of 50 years, autologous trans-
plant has enjoyed a fair amount of interest in terms of
offering the potential benefits of myeloablative ther-
apy to more patients with CML. This is particularly
true for advanced phase disease, for which there are no
effective therapies outside of transplant. The initial
reports of autologous transplant in CML used stem
cells frozen from chronic phase to rescue patients
treated with myeloablaative chemotherapy at a time of
blast crisis. A second chronic phase ensued in many
patients, but relapses typically occurred in less than 1
year.50 Due to persistence of leukemia following
autologous transplantation, attempts using a number
of in vitro purging agents ensued, none of which con-
sistently provided protection against relapse.
Ultimately the development of imatinib may have
rekindled interest in harvesting of PCR negative stem
cells for use in future because of imatinib failure. Given
the low toxicity of the drug, however, there is little
interest in autologous transplant as initial therapy.

RATIONALE
CML derives from disordered proliferation of a Ph�

clone that arises from an early hematopoietic stem
cell. Marrows of patients with CML may contain
chimerism between malignant Ph� and non-malig-
nant Ph-cells. The results of chemotherapy, interferon,
or imatinib to induce cytogenetic responses, as well as
the ability to grow CFU of Ph� cells from cultured CML
marrow, demonstrates this point. Collecting stem cells
purified for Ph� clones has been the elusive goal of
studies of autologous transplant for CML. To this end,
a number of purging approaches have been investi-
gated. However, data regarding syngeneic transplanta-
tion show a high relapse rate and suggest that graft
versus leukemia may be equivalent to—if not more
important than—myeloablation and infusion of a
tumor-free graft.13

PHASE I AND II TRIALS OF ABMT IN CHRONIC
MYELOGENOUS LEUKEMIA
Most autologous transplant trials in CML consist of
small series of patients at single institutions (Table
35.5).There are no randomized data to compare the
merits of autologous transplant against any other ther-
apy for CML. By far, most series instead attempt to
define a novel method of isolating Ph� cells for har-
vest, typically via purging of Ph� clones. Among the
agents used in attempts to purge Ph� cells in vitro have
been chemicals such as 4-HC,51 mafosfamide,52 inter-
feron gamma.53 Other approaches included differenti-
ation agents, such as GM-CSF54 or extended culture to
purify for Ph� clones. In small series, all of these
approaches were seen to have transient significant
activity, frequently leading to engraftment with com-
plete cytogenetic responses. However, relapse across
these studies, was near universal, typically after only a
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few months of remission. It is unclear if survival
among treated patients would exceed that expected by
the natural history of this chronic disease.

Autografts for CML have been one of the first places
that gene-directed therapy with antisense oligodeoxynu-
cleotides (AS-ODN) have been employed. Two pilot stud-
ies deserve note. Not surprisingly, AS-ODN directed
against BCR-ABL were the first target to be tested in
CML. Eight patients in transformation to advanced dis-
ease were subjected to autologous transplantation using
marrow that had had antisense against BCR-ABL incu-
bating for 24–72 hours prior to cyropreservation. Two
patients had a complete cytogenetic response by FISH.
The remainder had minimal or no response. Toxicity
was negligible. Another oligodeoxynucleotide target
protein has been the c-myb proto-oncogene,55 which
is felt to play an essential role in both hematopoiesis
and leukemogenesis. Because leukemia cells show
enhanced reliance upon myb’s ability to transactivate
a number of important growth regulatory genes
important in CML, myb inhibition is an attractive
therapeutic target in this disease. Twenty-four patients
underwent bone marrow harvest with incubation of
their marrow for either 24 or 72 hours in AS-ODN tar-
geted against c-myb. After conditioning with busulfan
with or without cytoxan, the purged marrow cells were
reinfused. Myb and RNA transcript numbers decreased
appreciably in approximately half of patients. Two
patients achieved a complete cytogenetic response and
three more had major cytogenetic responses. However,
unlike the AS-ODN targeted against BCR-ABL, signifi-
cant delayed engraftment was seen among all those
treated with 72-hour incubation, requiring back up
marrow infusion in a number of patients.

Imatinib has been utilized both prior to harvesting
and following autologous transplantation.56,57 Given
its impressive success in upfront CML therapy, the
number of autologous stem cell transplants that have
been performed for this disease has plummeted.

However, imatinib has only transient activity in
advanced phase disease.58 A role for imatinib in com-
bination with autografting may ultimately be estab-
lished among patients initially presenting with
advanced phase disease who are either poor candidates
for allogeneic transplant or lack suitable donors.
Several groups have shown that Ph� stem cell collec-
tion is feasible among patients treated with complete
cytogenetic responses to imatinib who are mobilized
with GCSF.59

Because approximately one quarter of patients treated
with imatinib will achieve more than 3 log reduction or
even molecular clearance of BCR-ABL, these patients
could be considered ideal candidates for harvesting of
stem cells, either for immediate use or during disease
progression period on imatinib. At present, one remain-
ing question is: for whom would this approach be war-
ranted? Patients with negative quantitative PCR studies
for BCR-ABL would initially seem to be attractive candi-
dates, since these patients are most likely to be able to
mobilize BCR-ABL negative harvests as measured by
PCR. Yet disease progression models consider such
patients to be at the lowest risk of progression, with cur-
rent estimates ranging as low as less than 1% risk of pro-
gression/year.60 Those for whom disease control is sub-
optimal and progression is probable are unlikely to
produce uncontaminated grafts even with imatinib.

CONCLUSION
Allogeneic transplant remains the only proven cure for
CML and should be strongly considered in young,
highly motivated patients with HLA-identical siblings.
Current disease models also suggest that survival is
extended by imatinib, and therefore an initial thera-
peutic trial of the agent is also reasonable. Autologous
BMT is rarely performed for CML due to the pre-
dictability of response to imatinib and the low level of
toxicity. As data regarding imatinib resistance have
come to prominence, novel approaches to treat resistant
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Table 35.5 Selected trials of autologous transplantation for chronic myeloid leukemia

References Purging Number CR PR Graft failure
treated

Carlo-Stella et al.52 Mafosfamide 10 6 1

McGlave et al.53 IFN-� 44 10 12

Barnett et al.32 Long-term culture 22 13 3 5

Coutinho et al. (1997) Long-term culture 9 4 3 2

DeFabritis et al. (1998) Bcr-abl antisense 8 2 0 0

Luger et al.55 c-myb antisense 25 2 3 5

Reiffers et al.12 Unpurged 49 10 5

Simonsson et al. (1996) In vivo 30 13 10

Carella et al. (1996) In vivo 30 16 10 0

Verfaillie et al. (1998) In vivo 47 4 9 1

Rapoport et al. (2004) Post-transplant co- 9 4 (3 negative 0

stimulated T-cell infusion BCR-ABL RT-PCR)



disease are sought. Here it is possible that autologous
transplant may return to prominence as the cohort
currently being treated with imatinib ages and resis-
tance becomes more common over time. A growing
number of second-generation abl kinase inhibitors
have been developed to treat this looming threat.

15. Kastan MB, Schlaffer E, et al.: Direct demonstration of
elevated aldehyde dehydrogenase in human hematopoi-
etic progenitor cells. Blood 75(10):1947–1950, 1990.

16. Miller CB, Zehnbauer BA, et al.: Correlation of occult
clonogenic leukemia drug sensitivity with relapse after
autologous bone marrow transplantation. Blood
78(4):1125–1131, 1991.

17. Gorin NC, Labopin M, et al.: Importance of marrow
dose on posttransplant outcome in acute leukemia:
models derived from patients autografted with mafos-
famide-purged marrow at a single institution. Exp
Hematol 27(12):1822–1830, 1999.

18. Miller CB, Rowlings PA, et al.: The effect of graft purging
with 4-hydroperoxycyclophosphamide in autologous
bone marrow transplantation for acute myelogenous
leukemia. Exp Hematol 29(11):1336–1346, 2001.

19. Lemoli RM, Gasparetto C, et al.: Autologous bone mar-
row transplantation in acute myelogenous leukemia: in
vitro treatment with myeloid-specific monoclonal anti-
bodies and drugs in combination. Blood 77(8):1829–1836,
1991.

20. Selvaggi KJ, Wilson JW, et al.: Improved outcome for
high-risk acute myeloid leukemia patients using autolo-
gous bone marrow transplantation and monoclonal anti-
body-purged bone marrow. Blood 83(6):1698–1705, 1994.

21. De Rosa L, Montuoro A, et al.: Progenitor cells purging:
negative selection. Int J Artif Organs 16(Suppl 5):102–107,
1993.

22. Mehta J, Powles R, et al.: Autologous transplantation
with CD52 monoclonal antibody-purged marrow for
acute lymphoblastic leukemia: long-term follow-up.
Leuk Lymphoma 25(5–6):479–486, 1997.

23. Beaujean F, Bernaudin F, et al.: Successful engraftment
after autologous transplantation of 10-day cultured bone
marrow activated by interleukin 2 in patients with acute
lymphoblastic leukemia. Bone Marrow Transplant 15(5):
691–696, 1995.

24. Balzarotti M, Grisanti S, et al.: Ex vivo manipulation of
hematopoietic stem cells for transplantation: the poten-
tial role of amifostine. Semin Oncol 26(2 Suppl 7):66–71,
1999.

25. Stein AS, O’Donnell MR, et al.: In vivo purging with
high-dose cytarabine followed by high-dose chemora-
diotherapy and reinfusion of unpurged bone marrow for
adult acute myelogenous leukemia in first complete
remission. J Clin Oncol 14(8):2206–2216, 1996.

26. Linker CA, Ries CA, et al.: Autologous stem cell trans-
plantation for acute myeloid leukemia in first remission.
Biol Blood Marrow Transplant 6(1):50–57, 2000.

27. Linker CA: Autologous stem cell transplantation for
acute myeloid leukemia. Bone Marrow Transplant
31(9):731–738, 2003.
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Given the lack of durable responses in most ABMT
series, it is unlikely that autologous transplant will
gain much prominence in the future of this disease
unless more effective purging or adoptive immunother-
apy is able to be incorporated into autologous regi-
mens.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is an uncommon
malignancy in adults, with an incidence rate of 0.3–0.8
cases/105 individuals between the ages of 20 and 50. In
comparison, acute myeloid leukemia (AML) occurs in
1.2–2.4/105 individuals between the ages of 20 and 50.1

Nevertheless, AML and ALL represent the two most
common indications for allogeneic stem cell transplan-
tation worldwide, as reported to the International Bone
Marrow Transplant Registry in 2002, accounting for
over 7000 reported transplants worldwide.2

Modest advances in the therapy for ALL and AML
have been made in the last decade; but despite these
advances, long-term outcomes for these diseases, par-
ticularly in adults, remain poor, as less than half of
these patients achieve a durable remission.3,4 This
chapter discusses the established and emerging role of
allogeneic stem cell transplantation as therapy for the
acute leukemias.

ALLOGENEIC STEM CELL 
TRANSPLANTATION FOR ALL

TRANSPLANTATION IN FIRST COMPLETE REMISSION
ALL has a relatively poor prognosis in adults with
long-term survival in only 30–40% of newly diagnosed
individuals.5 Traditional risk factors defining “high-
risk” disease include advanced age, very elevated WBC
at presentation, immunophenotype (Pro-B cell ALL),
the presence of adverse cytogenetic changes (i.e.,
t(9:22) and t(4:11)), and a delay in the time to achieve
a first remission.5 Newer prognostic factors include the
presence of minimal residual disease detected by sensi-
tive molecular techniques and gene-expression profile

hierarchical clustering and expression analysis.4 As
outcome in high-risk disease is significantly worse
than for standard risk disease (most notably for
adverse cytogenetic changes), many analyses on
cohorts of high-risk patients transplanted in first
remission have been performed.

Single center data on transplantation for ALL are
extremely heterogeneous. One report of an experience
treating 39 adults with high-risk features in first remis-
sion, with a uniform conditioning regimen of total
body irradiation and etoposide, yielded a relapse rate
of only 15%, with an event-free survival of 64% at 10
years.6 However, a review of 99 patients from six trials,
all with Ph� ALL transplanted in first remission using
fully matched, sibling or unrelated donors demon-
strated disease-free survival of 0–86%.7 Numerous
other single-arm studies have reported similarly het-
erogeneous outcomes.8

True randomized evidence supporting the role of allo-
geneic transplantation for ALL in first complete remis-
sion is lacking. An attempt to address this question has
been addressed with studies of biologic assignment,
where patients with histocompatible donors are
assigned to allogeneic transplantation, while those
patients without suitable donors are randomized to
autologous transplantation or conventional chemother-
apy. Table 36.1 summarizes the results from the pub-
lished comparative trials. The GOELAM used a biologic
assignment strategy and assigned allogeneic transplan-
tation or consolidative chemotherapy followed by autol-
ogous transplantation to 156 patients younger than 50
years, all with high-risk ALL. Transplant-related mortal-
ity was only 15% and at 6 years, disease-free survival was
greater in the allogeneic transplant arm (75 vs 46%, p 


0.0027; Figure 36.1).10 The LALA group used a similar
strategy and assigned allogeneic transplant to Ph�

patients with a sibling donor and compared outcomes
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Table 36.1 Trials of biologic randomization in ALL, since 1990

Trial, (year of Entry criteria and 
publication) methodology Comparison N Survival Relapse Survival by risk Comments

EORTC ALL-3, Age 15–50 AlloBMT vs 6 yr DFS      OS No differences when Only 69% of AlloBMT group underwent
(2004)9 Standard and high –risk AutoBMT + 68 38.2%         41.2% 38.2% stratified by risk transplantation.

Ph- chemotherapy AutoBMT and chemotherapy arms 
Biologic randomization 116 36.8%        38.8% 56.3% analyzed together
2nd randomization for no p 
 0.69 p 
 0.95 p 
 0.01
donor group

GOELAL02, (2004)10 Age 15–50 AlloBMT vs 6 yr DFS      OS 9 patients aged 50–59 assigned AutoBMT
High -risk AutoSCT 41 75%            75% 12% not included in these data.
Biologic randomization 115 33%            40% 56% 2nd randomization after AutoBMT to

p 
 0.0027 p 
 0.0001 Interferon.
p � 0.001

Gupta et al. (2004)11 Age 16–54 AlloBMT vs 3 yr DFS      OS High risk Patients not enrolled prospectively
Standard and high risk chemotherapy 48 37%            43% 40% 34 vs. 17%, p 
 NS Ph+ patients were offered URD 
Retrospective review of 39 44%            60% 61% (includes Ph+ patients) transplantation and are not included 
Biologic randomization p 
 NS p 
 NS p 
 0.007 Standard risk in this analysis

54 vs. 64%, p 
 NS

LALA 94, (2002)12 Age 15–55 AlloBMT vs URD 3 yr OS Physician preference influenced whether 
Ph� only AlloBMT � 46 37% 50% URD search was performed for patients 
Biologic randomization AutoPBSCT 14 12% 90% without sibling donors.
with physician preference 43 p 
 0.02 p � 0.01 Survival predicted by minimal residual 

disease after intensification chemotherapy.

MRC UKALL, Age 14–60 AlloBMT vs 5 yr DFS High risk Abstract publication to date
XII/ECOG E2993 Ph� reported AutoBMT � 170 54% 23% 44 vs. 26%, p 
 0.3
(2001)13 Biologic randomization chemotherapy 264 34% 61% Standard risk

2nd randomization for no p 
 0.04 p 
 0.001 66 vs. 45%, p 
 .06
donor group



Trial, (year of Entry criteria and 
publication) methodology Comparison N Survival Relapse Survival by risk Comments

LALA 87, (2000)14-16 Age 15–40 AlloBMT vs 10 yr OS High risk Induction chemotherapy less intense  
Standard and high risk chemotherapy 116 46% 44 vs 11%, p 
 0.009 than current regimens
Biologic randomization 141 31% Standard risk

p 
 0.04 49 vs. 43%, p 
 NS

Suzuki et al. (1997)17 Age 15–44 AlloBMT vs 10 yr DFS
Biologic randomization chemotherapy 13 52% 

16 30% 
p 
 NS

Attal et al. (1995)18 Age 15–55 AlloBMT vs 3 yr DFS Second randomization to IL-2 after 
Biologic randomization AutoBMT 43 68% 12% AutoBMT only, which did not alter 
2nd randomization for no  77 26% 62% results
donor group p � 0.001

Blaise et al. (1990)19 Age �15 AlloBMT vs 3 yr DFS      OS Purged autologous grafts given and
High risk only AutoBMT 25 71%             71% 9% T cell depletion used in some AlloBMT 
Comparative cohort 22 40%             62% 57% patients
analysis, Biologic assignment p 
 NS p 
 NS p � 0.01



with a group that received autologous and unrelated
donor transplantation. Overall survival was 37% in the
transplant arm in comparison with 12% in the
chemotherapy cohort.12 The prior LALA randomized
trial also demonstrated an advantage to transplant in
first remission among high-risk patients.14 Preliminary
results from the MRC UKALL/ECOG co-operative study
suggest that even for standard risk ALL, allogeneic trans-
plant in  first remission may be beneficial (54 vs 34% 5
year OS, p 
 0.04).13 In contrast, recent studies published
by the EORTC9 and Gupta et al.,11 demonstrated that
transplantation in first remission did not increase sur-
vival in either high-risk or standard risk cohorts.
Interestingly, all of the trials found similar outcomes in
patients receiving autologous SCT and chemotherapy,
suggesting that autologous transplantation does not
improve survival in ALL.

All of the biologic assignment studies have agreed
that the relapse rate after allogeneic transplantation is
lower than after autologous transplantation or consol-
idative chemotherapy. However, transplant-related mor-
bidity and mortality offsets survival gains through
reduction in relapse rates. Nonetheless, the results of
these large studies have made allogeneic transplantation
from an HLA-matched sibling the therapy of choice for
patients with high-risk ALL in  first remission.

There has been reluctance to offer unrelated donor
stem cell transplantation in first remission, even to
patients with high-risk ALL, because of anticipated
higher rates of treatment-related mortality when unre-
lated donors are used. However, with high resolution
HLA typing and improvements in immunosuppression
and antibiotic management, morbidity and mortality
after unrelated transplantation for ALL is not greatly
increased in comparison with related donor transplanta-
tion. Therefore there is now interest in offering unre-
lated donor transplantation in first remission to patients
without suitable related donors in whom transplant is
indicated. A retrospective review conducted through the
National Marrow Donor Program evaluated matched, or

single-antigen mismatched, unrelated transplantation
for high-risk ALL in first remission.20 In this study, over-
all survival at 4 years was 32%, which is similar to the
sibling transplantation results reported above. In
another retrospective study comparing outcomes for
patients in first remission and beyond who underwent
transplantation, no difference in outcome for patients
receiving related and unrelated donor transplants was
noted (42 vs 45% 5 year DFS).21 Similarly, a retrospective
cohort analysis suggested that outcomes after matched,
unrelated transplant in first remission were similar to, or
better than, outcomes after autologous transplantation
(51 vs 44% 3 year OS).22

For patients with standard risk leukemia, the biologic
assignment studies do not conclusively support routine
transplantation at this time, although the results of the
MRC UKALL/ECOG study are promising. While biologic
assignment and intention-to-treat analysis are the most
appropriate methodology for policy development on the
issue of the role of transplant in first remission,23 for the
individual patient, the results of these studies may be
inappropriate to help guide therapy. Reported very rarely,
as-treated analyses are more helpful in the situation in
deciding on the role of transplantation, once a remission
has been attained, a suitable donor is identified, and the
patient is deemed to be a suitable transplant candidate.
Two other factors need to be considered for patients with
standard risk ALL. With the widespread use of intensive
and continuous chemotherapy regimens as primary ther-
apy for ALL, it is possible that the achievement of second
remission after relapse will become less likely, as tumors
may develop resistance to chemotherapy. This may actu-
ally worsen outcomes for transplantation for relapsed
disease24 and make a strategy of salvage transplant for
relapsed disease less likely to be successful. Second, the
morbidity and mortality after transplantation while in
remission continues to decline. Taken together, a strategy
to maximize long-term survival among standard-risk ALL
patients may include allogeneic transplantation from an
HLA-identical sibling in first remission.
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Figure 36.1 (a) Overall 
survival and (b) Relapse from
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TRANSPLANTATION FOR ADVANCED ALL
Allogeneic transplantation is the therapy of choice in
relapsed ALL, as durable remissions with chemotherapy
alone are rare in adults. Transplantation in untreated
first relapse and second remission yield roughly equiva-
lent results; however, long-term remission rates are sig-
nificantly lower when compared to transplantation in
first remission. In a retrospective analysis of 182 adults
will ALL, 5 year overall survival after transplantation in
second or greater remission (n 
 46) and relapse (n 


95) were 23% and 9%, respectively, in comparison with
43% for patients transplanted in first remission.25 In a
retrospective review of 147 patients transplanted for
advanced ALL (the majority with matched, related
donors), overall survival was less than 10% among 79
patients with a pre-B phenotype.26

Only a minority of patients with advanced ALL will
have suitable matched, related donors. Since the out-
come of relapsed or refractory ALL is so poor with
chemotherapy alone, unrelated or alternative donor
transplantation is warranted in this setting. In a study
of 63 patients in second or greater remission or with
refractory ALL, overall survival was 17% for patients in
remission and 5% for patients with refractory dis-
ease;20 however, survival for patients in second remis-
sion was greater (36% at 5 years) in another study facil-
itated by the NMDP that included patients of all risk
types transplanted in second remission.27 In this
study, unrelated transplantation was not statistically
better than autologous transplantation in second
remission (36 vs 27%, p 
 0.11), but a Cox multivari-
able regression analysis demonstrated an improve-
ment in long-term survival in patients receiving allo-
geneic transplantation who survived 6 months after
transplantation. Again, lower relapse rates after allo-
geneic transplantation were offset by the mortality of
the transplant procedure itself. In a matched-pair
analysis of matched, unrelated donor transplantation
in comparison with autologous transplantation, the
EBMT demonstrated similar survival outcomes (39 vs
31%, p 
 0.19).28

In summary, transplantation for advanced ALL
should be performed whenever feasible. Despite trends
toward improved outcomes with unrelated donor
transplantation over autologous transplantation, no
single comparative trial has demonstrated convincing
evidence of superiority. Since outcomes after unrelated
allogeneic transplantation have been improving as
HLA matching techniques improve, it is likely that
allogeneic transplantation, rather than autologous
transplantation, will become the strategy of choice to
reduce relapse with advanced disease.

ALLOGENEIC TRANSPLANTATION IN 
COMBINATION WITH IMATINIB
Imatinib mesylate (formerly known as STI-571,
Gleevec,™ Novartis AG) is a potent, reversible
inhibitor of bcr/abl tyrosine kinase activity.29 When

added to induction chemotherapy, this drug has been
shown to increase remission rates among Ph+ ALL
patients.30,31 Similarly, this drug may be effective for
relapsed Ph� ALL.32 By increasing remission rates
among newly diagnosed Ph� ALL patients, the long-
term success of allogeneic transplantation may be
improved, as disease status at the time of transplanta-
tion is a powerful predictor of long-term survival.25

Furthermore, imatinib use may increase the window of
opportunity for patients with newly diagnosed or
relapsed disease to find suitable allogeneic donors by
prolonging remission time. Imatinib has been given to
newly diagnosed, refractory or relapsed patients prior
to allogeneic transplantation.33–36 At this time, all that
can be concluded from this experience is that imatinib
therapy prior to transplantation does not impair
engraftment of transplanted hematopoietic progenitor
cells.33 Since the number of patients reported at this
time is limited, estimates of the long-term impact of
imatinib use prior to transplantation are difficult to
predict. Whether empiric imatinib after transplanta-
tion will be effective as a preventative strategy against
relapse is also unpredictable.

NONMYELOABLATIVE TRANSPLANTATION
Transplantation with nonmyeloablative or reduced-
intensity conditioning regimens eliminates much of
the morbidity and mortality associated with high-dose
transplantation.37,38 As such, this approach has been
used widely in older individuals, in individuals with
comorbid illnesses, and in those who have undergone
prior high-dose therapy approaches. Without high-
dose chemoradiotherapy, this approach to transplan-
tation relies exclusively on the development of a
potent graft-versus-leukemia (GVL) reaction. While
GVL reactions are prominent in some hematologic
malignancies, they may be less pronounced in aggres-
sive lymphoid malignancies, such as ALL. However,
after ablative transplantation, the presence of GVHD
has been shown to be protective against relapse, invok-
ing the power of a potent GVL response.26,39–41

No single study has prospectively accrued sufficient
subjects to make reliable conclusions on the role of
nonmyeloablative transplant for ALL; however, inves-
tigators from four large trials42–46 have pooled their
results and reported outcomes on 27 patients.47 The
median age of the patients was 50 years, and most had
advanced disease (only four were in first remission while
12 were chemorefractory or in relapse at the time of
transplant) or adverse cytogenetic features (Philadelphia
chromosome in 11). In this study, multiple conditioning
regimens, GVHD prophylaxis regimens, stem cell donor
types, and stem cell sources were used. Despite this,
donor-derived hematopoiesis occurred in all patients,
with a 63% incidence of Grade II–IV acute GVHD and
a 72% rate of chronic GVHD among evaluable
patients. Treatment-related mortality was 23%. Eight
of 27 patients are alive without disease at a median of
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816 days from transplantation (range 381–1375 days),
which is considered a promising result, given the oth-
erwise poor prognosis of these patients without trans-
plantation. In this study, a correlation between the
incidence of acute GVHD and protection from relapse
was noted (hazard rate for relapse prevention 3.3, p 


0.05), invoking an active GVL reaction.
A more uniform cohort of 22 high-risk ALL patients

enrolled in a multicenter German trial has been
reported.48 The majority of these patients received a
fludarabine-busulfan conditioning regimen followed
by an infusion of peripheral blood stem cells (PBSC)
from matched related (13), unrelated (8), and mis-
matched related (1) donors. Despite similar rates of
acute GVHD as reported in the pooled analysis, the
overall survival in this cohort was 18% at a median
follow-up of 16.5 months for survivors (range 5–30
months). In summary, at the present time, there
remains insufficient data to routinely recommend
nonmyeloablative transplant outside of a clinical
trial.

OTHER ISSUES IN TRANSPLANTATION FOR ALL
Stem cell source and preparative regimen
There is no preparative regimen that yields superior
results when used prior to transplant for ALL. Many
centers employ regimens that include etoposide; how-
ever, this agent has not been shown to improve trans-
plant outcomes among adults. The IBMTR has ana-
lyzed the outcomes in 298 patients who received
HLA-matched sibling transplants for ALL in first or sec-
ond remission. Long-term survival was superior in
patients who received � 13 Gy of TBI, but no differ-
ences were noted when cyclophosphamide and etopo-
side use were compared.49 Regarding stem cell source,
no randomized trial has directly compared PBSC with
bone marrow for ALL transplantation  because of the
rarity of this disease and large sample size that a clini-
cal trial would need to demonstrate differences. While
superior disease-free survival has been demonstrated
with PBSC transplantation over stem cell transplanta-
tion using HLA-identical sibling donors, particularly
with advanced malignancies, subgroup analyses in
ALL are too small to demonstrate differences.50 A sin-
gle retrospective analysis of 102 ALL patients who
received an unrelated stem cell transplant demon-
strated inferior survival among PBSC patients despite
no differences in grade II–IV acute GVHD or chronic
GVHD incidence.51 In this study, PBSC patients were
less likely to receive TBI as conditioning (p 
 0.06),
which may have influenced outcome.49 Although used
infrequently, umbilical cord transplantation has been
attempted in adults with advanced ALL. The advan-
tage of cord blood transplantation is the rapid access
to stem cells and the potential for less GVHD than
with other unrelated stem cell products. Too few trans-
plants for ALL have been performed to make conclu-
sive comments on the role of cord blood transplanta-

tion; however, the relative lack of GVHD could be
associated with a high risk of relapse.

Therapy of relapse: DLI and imatinib
ALL in relapse after transplantation is rarely salvaged
by donor lymphocyte infusion. This observation is
consistent but confusing, since there does appear to be
a measurable GVL response in primary transplanta-
tion. Less than 20% of patients will achieve a remis-
sion to DLI alone52,53; however, this number may be
increased with concomitant chemotherapy. Despite
this, remissions are rarely durable. Imatinib has been
used as therapy for relapse after transplantation of
ALL54; however, the majority of the reported experi-
ence in relapsed Ph� malignancies is in chronic
myeloid leukemia (CML)55,56 or the lymphoblastic
phase of CML.57,58 The combination of imatinib and
DLI may prove to an important therapeutic modality
for relapsed ALL. Attempts at second transplantation
have been made with reasonable success, with long-
term survival in up to 30% of patients.59

ALLOGENEIC STEM CELL
TRANSPLANTATION FOR AML

TRANSPLANTATION IN FIRST COMPLETE REMISSION
There have been at least 12 prospective trials that have
used a biologic randomization strategy to assign allo-
geneic stem cell transplant or consolidative
chemotherapy (with or without autologous stem cell
transplantation) for patients with AML in first remis-
sion (Table 36.2). Several recurring themes have
emerged as a result of this vast experience involving
over 3600 patients. First, it is clear that a profound
GVL effect exists, as relapse rates after allogeneic trans-
plantation are uniformly lower after allogeneic trans-
plant in comparison with nonallogeneic postremis-
sion strategies. Second, allogeneic transplantation
continues to be a risky medical procedure, as mortality
while in remission is markedly higher in the allogeneic
transplant arms of the prospective trials. Third, the
risks of reduced relapse rates but higher treatment-
related mortality have led to modest gains in disease-
free and overall survival in the more recent compara-
tive trials of allogeneic stem cell transplantation.

The decision to undertake allogeneic stem cell trans-
plantation while in first complete remission is usually
based on risk stratification according to cytogenetics.74

The greatest controversy on the role of transplantation
for AML in first complete remission has focused on the
group of patients with intermediate risk cytogenetics,
where long-term remissions without transplantation
occur in less than 40% of affected individuals. The
EORTC/GIMEMA AML-10 trial compared 293 patients
with AML in first remission with an HLA-identical sib-
ling to 441 patients in whom a suitable HLA-matched
family member donor was not available.62 Subjects
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without a suitable stem cell donor were assigned to
autologous stem cell transplantation, although only
56% of these subjects underwent the procedure. Up to
40% of the patients in both arms had no cytogenetic
information available, but approximately 35% of the
remaining patients were classified as having intermedi-
ate risk cytogenetics. Overall, the 4 year disease-free
survival in the transplant group, in an intent-to-treat
fashion, was superior to the nontransplant group (52.2
vs 42.2%, p 
 0.044; Figure 36.2); however, in subgroup
analysis, the intermediate risk group alone did not
show a trend toward improved survival. The favorable
differences in outcome were more prominent in the
younger age groups, suggesting that the combination
of a relative decrease in treatment-related mortality
associated with young age and the gains in relapse pre-
vention was sufficient to generate a clinical benefit.
The prior EORTC/GIMEMA AML 8A trial was unable to
demonstrate a difference between allogeneic and
autologous transplantation strategies, although in this
trial, both forms of transplantation were superior to
chemotherapy alone as postremission consolidation
therapy.66

The MRC AML 10 trial compared the outcomes of
419 patients in remission and assigned to allogeneic
transplant on the basis of an available HLA-identical
sibling with 868 patients with no sibling donor, all of
whom were assigned autologous transplantation.64

Disease-free survival was prolonged in the transplanta-
tion group in comparison with the nontransplant
cohort (50 vs 42% at 7 years, p 
 0.001; Figure 36.3).
Overall survival was marginally, but not statistically,
better (56 vs 50%, p 
 0.1). Although this trial was
designed to decide whether allogeneic transplantation
was superior to autologous transplantation, only 23%
of the no-donor arm actually underwent autologous
transplantation, making the interpretation of these
results questionable. Nonetheless, in the intermediate-
risk subgroup, allogeneic transplantation was associ-
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ated with an improvement in disease-free survival 
(50 vs 39%, p 
 0.004; Figure 36.3) and overall survival
(54 vs 44%, p 
 0.02).64

For patients with intermediate cytogenetic risk AML
in first complete remission, consolidation with allo-
geneic transplantation is superior antileukemic ther-
apy in comparison with chemotherapy or autologous
transplantation. While no trial has focused uniquely
on patients with intermediate risk cytogenetics, this
group represented the majority of patients studied in
most of the trials, and as such, the best estimate of the
effect in this majority subgroup is the overall effect of
the trial, as long as significant heterogeneity among
the subgroups is absent.75 The three largest trials
demonstrated a reduction in relapse rates after allo-
geneic transplant of 21–26% and an absolute
improvement in disease-free or overall survival of
8–13%.62,64,66,67 Many other trials have been performed
that addressed this question (Table 36.2), and three
additional small trials have been able to demonstrate
the statistical superiority of allogeneic transplantation
over consolidation chemotherapy or autologous trans-
plantation,70,72,73 while the other trials were too small
and underpowered to demonstrate differences,60,63,71

or no differences were noted.68,69

The favorable cytogenetic changes in AML (t(8;21),
t(15;17), inv(16), t(16;16), and del(16q)) comprise a
distinct minority of favorable-outcome adult AML
cases. Only a few trials have accrued sufficient num-
bers of favorable-risk subjects to properly examine the
role of transplantation for AML with favorable cytoge-
netics. The SWOG/ECOG Intergroup trial included
121 patients with favorable cytogenetics, 84% of
whom achieved a complete remission to induction
chemotherapy and were subsequently assigned to
allogeneic stem cell transplant if an HLA-identical
sibling was available (n 
 19) or randomized to
autologous transplantation (n 
 26) or chemother-
apy (n 
 22).68,76 Thirty one additional patients were

Figure 36.2 Disease-free sur-
vival from ORTC/GIMEMA
AML-10 trial



not treated on study. The outcome of allogeneic trans-
plantation and autologous transplantation (5 year OS
63% and 71%, respectively) was superior to the result
for chemotherapy alone (5 year OS 35%), which is sig-
nificantly lower than in other reported series of favor-
able risk AML.74,77,78 The EORTC/GIMEMA trial, which
studied 123 patients with favorable risk cytogenetic
profiles did not demonstrate a difference in outcomes
among patients (68.1 vs 73.9% 4 year DFS)62 although
patients with favorable cytogenetic changes benefited
most from transplantation.76 Nonetheless, consolida-
tive chemotherapy remains the most commonly
applied consolidation strategy for favorable-risk
patients.

Patients with unfavorable cytogenetics have a very
poor prognosis, despite similar rates of remission after
induction chemotherapy compared with other AML
cytogenetic risk groups. For this reason, transplanta-
tion in first remission is widely accepted as standard
therapy, wherever a suitable donor is identified. The

biologic assignment studies have confirmed that allo-
geneic transplantation is a superior therapy in com-
parison with consolidative chemotherapy or autolo-
gous transplantation. The EORTC/GIMEMA trial even
suggested that with an increasingly unfavorable prog-
nosis prior to transplantation, the greater the benefits
that can be achieved with transplant therapy.62 The
prognosis of unfavorable cytogenetic risk AML is poor
enough that unrelated allogeneic stem cell transplan-
tation is generally undertaken in first remission, when
a suitable HLA-matched sibling donor is unavailable.
Since matched, related transplantation is not yet the
accepted standard for either intermediate or favorable
cytogenetic risk AML in first remission, unrelated
donor transplantation cannot be routinely recom-
mended.

TRANSPLANTATION FOR ADVANCED AML
Once relapsed, AML carries a poor prognosis, with very
few long-term remissions induced by chemotherapy
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Table 36.2 Trials of biologic assignment in AML, since 1990

Trial (year of Entry criteria and 
publication) methodology Comparison N Survival Relapse Survival by risk Comments

CETLAM (2004)60 Age �50 AlloSCT vs 4 yr OS Uniform induction, consolidation 
Intermediate, adverse AutoSCT 28 48% chemeotherapy regimen PBSC and BM used, 
cytogenetics Biologic 36 60% T depleted in majority  
randomization p 
 NS Multiple GVHD regimens 

As treated analyses presented

Heil et al. (2004)61 Age �60 AlloPBSCT vs 5 yr DFS Intermediate cytogenetic risk patients also
Adverse cytogenetics AutoPBSCT 25 37% included, but outcomes comparing 
Biologic randomization 20 45% transplant strategies are not reported As

p 
 NS treated analysis, nonactuarial statistics

EORTC/GIMEMA Age 15–45 AlloSCT vs 4 yr DFS 4 yr OS Unknown cytogenetics unknown in ∼40%
AML-10 (2003)62 All cytogenetic risk groups AutoSCT 293 52.2% 30.4% Favorable: Only 56% of AutoSCT group and 69% of AlloSCT 

Biologic randomization 441 42.2% 52.5% 68.1 vs 73.9% group underwent transplant after achieving CR 
p 
 0.044 p � 0.001 Intermediate: Age was predictor of disease-free outcome at 

53.4 vs 54.3% 4 years:
Adverse (pooled) Age  15–25: 64.0 vs 50.8%,    Hazard : 0.65
50.2 vs 29.4% (0.41–1.04),

26–35: 61.9 vs 49.6%           0.69 (0.46–1.02)
36–45: 53.4 vs 51.6%         0.97 (0.7–1.33)

Cox model suggests: Worse prognosis associated 
with most gain from AlloSCT

Hellenic Cooperative Age �50 AlloSCT vs 3 yr OS As-treated analysis
Group (2003)63 All cytogenetic groups AutoPBSCT vs 15 73% Favorable risk cytogenetics with no sibling assigned

Biologic randomization chemotherapy 19 58 chemo. Chemotherapy group received only 2 
2nd randomization of no  15 46 cycles of HiDAC
donor group. p 
 0.41 Intermediate risk alloSCT group significantly 

younger than autoPBSCT or chemotherapy group

MRC AML 10 Age �55 AlloBMT vs 7 yr DFS      OS 7 yr OS Patient accrual between 1985 and 1995
(2002)64,65 All cytogenetic groups AutoBMT 419 50%         56% 36 Favorable Cytogenetics unknown in 13%

Biologic randomization 868 42%         50% 52% 63 vs 77% Only 61% of AlloBMT group and 23% of 
p 
 0.001 p 
 0.1 p � 0.001 Intermediate AutoBMT underwent transplant

56 vs 45% (p �0.05) Intermediate risk patients benefited from AlloBMT
Adverse
21 vs 24%

EORTC/GIMEMA Age 10–45 AlloBMT vs 6 yr DFS       OS 6 yr OS Uniform induction and consolidation therapy
8A (1998)66,67 All cytogenetic groups AutoBMT � 295 46%        51% 42 Favorable: Randomization after CR1 attained

Biologic randomization chemotherapy 61 vs 56%, p 
 NS Only 61% of AlloBMT group underwent 
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Trial, (year of Entry criteria and 
publication) methodology Comparison N Survival Relapse Survival by risk Comments

2nd randomization 377 33%       43% 63% Intermediate: transplant DFS improved, but not OS,
of no donor group. p 
 0.01 p 
 0.24 p < 0.001 46 vs 38%, p 
 NS even when adjusted in Cox model

Adverse
28 vs 22%, p 
 NS

Intergroup (1998)68 Age 16–55 AlloBMT vs 4 yr DFS     OS Purged autotransplantation performed
All cytogenetic groups AutoBMT vs 113 43%        46% 29 Only 54% of AutoBMT group underwent
Biologic randomization chemotherapy 116 35%        43% 48 transplantation Chemotherapy better than 
2nd randomization of no 117 35%        52% 61 autoBMT (p 
 0.05) and AlloBMT (p 
 0.04)
donor group No difference between AlloBMT and AutoBMT

GOELAM (1997)69 Age 15–40 AlloBMT vs 4 yr DFS     OS 4 yr OS Uniform induction and consolidation therapy
Biologic randomization AutoBMT + 88 44%           53% 37% Favorable: AutoBMT and chemotherapy arms analyzed
(donor vs. no donor) chemotherapy 134 38%           53% N/A 71.5 vs 66.5% p 
 NS together
2nd randomization of no  . p 
 NS p 
 NS Intermediate:
donor group. 40.5 vs 56.5% p 
 NS
All cytogenetic groups Adverse (pooled)

41 vs 30%, p 
 NS

BGMT 87 (1996)70 Age 15–45 AlloBMT vs 3 yr DFS     OS Uniform induction and consolidation therapy.
All cytogenetic groups AutoBMT � 36 66.5%        65% 24.1% Study performed to confirm BGMT 87
Biologic randomization ChemoRx 60 42.4%        50.9% 56%
2nd randomization of no  p � 0.05 p 
 NS p � 0.009
donor group.

Mitus et al. (1995)71 Age �65 AlloBMT vs 5 yr DFS Nonuniform treatment, including T cell depletion
All cytogenetic groups AutoBMT 31 56% 20%
Biologic randomization 53 45% 50%

p 
 NS

Ferrant et al. Age �55 AlloBMT vs 4 yr DFS Uniform induction, consolidation therapy
(1991)72 All cytogenetic groups AutoBMT 24 53% 41% Identical conditioning therapy for AlloBMT and

Biologic randomization 72 16% 78% AutoBMT 
p 
 0.003 p 
 0.01 Only 44% assigned AutoBMT underwent 

transplantation

HOVON (1990)73 Age 15–60 AlloBMT vs 3 yr DFS     OS Treatment administered between 1984 and 1987
Biologic randomization AutoBMT 21 51        66% 34 T cell depletion used uniformly

32 35         37% 60% As treated analysis
p 
 0.12 p 
 0.05 p 
 0.03
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alone.79 Patients with favorable prognostic features,
including a longer duration of first remission79,80 and
favorable cytogenetic features at presentation,81 have
more favorable outcomes. The CALGB tested autolo-
gous transplantation in a cohort of 50 individuals
with AML in second remission. With a short follow-
up, 25% of patients remain in remission.82 While
other small series exist, because of short follow-up,
autologous transplantation cannot be routinely rec-
ommended for patients in second or subsequent
remission. Allogeneic stem cell transplantation is the
recommended therapy for second or subsequent
remission AML. The French Bone Marrow Transplant
Group (SFGM) retrospectively reviewed the outcomes
in 310 patients with relapsed AML who underwent
transplantation. The 5-year probability of survival was
35% in patients who underwent transplant in second
or subsequent complete remission. This was signifi-
cantly better than the outcomes for patients trans-
planted in untreated or refractory relapse (14% and
11%, respectively).83 Overall, patients with sibling
donors fared better than patients with unrelated
donors (p 
 0.001), mainly due to differences in trans-
plant-related mortality. While transplantation in
untreated relapse is certainly feasible,84 recent analy-
ses suggest that reinduction chemotherapy may have
some value, if only to help determine prognosis with
transplantation.

Despite anthracycline-based induction chemother-
apy, up to 30% of patients with newly diagnosed AML
will not achieve a complete remission. The long-term
prognosis for these patients with primary refractory
AML is extraordinarily grim, with essentially no long-
term survivors in the absence of allogeneic stem cell
therapy. Salvage transplantation can result in long-
term remissions in approximately 10–30% of individu-
als when family members or unrelated volunteers are
used as donors.83,85–87 In this setting, the use of unre-
lated donors and adverse cytogenetics negatively
impact  long-term survival.86 The timing and number
of chemotherapy cycles prior to transplantation for
refractory AML is likely critical, as patients exposed to
multiple rounds of chemotherapy and infectious com-
plications of prolonged neutropenia have a higher
incidence of transplant-related morbidity and mortal-
ity. Achieving a remission after primary induction fail-
ure does not appear to influence long-term outcome86

and so multiple attempts to induce a remission are
likely detrimental.

NONMYELOABLATIVE TRANSPLANTATION
Similar to the situation in ALL, nonmyeloablative
transplantation for AML has been shown to reduce
transplant-related morbidity and mortality, mainly by
reducing the incidence of serious complications in the
immediate posttransplant period. Here as well, the
GVL reaction is an important component of therapy.
The Spanish Group for Hematopoietic Transplantation

demonstrated a significant improvement in outcome
for patients who developed grade II–IV acute GVHD in
comparison with patients who experienced no GVHD
after nonmyeloablative transplantation (13 vs 58%
disease progression at 1 year, p 
 0.008).88

The use of transplantation for patients with AML in
first remission has been demonstrated to be safe.
Feinstein et al. transplanted 18 patients with AML in
first remission and demonstrated that nonrelapse mor-
tality was only 17% at 1 year. The majority of treat-
ment failures in this cohort were related to disease
relapse, which was responsible for 70% of the deaths
in this trial.89 Nonmyeloablative transplantation has
been used as consolidation therapy for patients in sec-
ond remission, for relapsed disease after failed autolo-
gous transplantation or prior high-dose allogeneic
stem cell transplantation and for patients with refrac-
tory leukemia. In these settings, the most important
predictors of long-term outcome include cytogenetics
and remission status at the time of transplantation.

To explore the utility of nonmyeloablative trans-
plantation in a cohort of individuals traditionally
considered eligible for ablative transplantation
approaches, Ruiz-Arguelles et al. transplanted 24
young patients (median age 35 years) with AML,
using nonmyeloablative conditioning.90 The median
survival of this cohort exceeds 7 years and has not
been reached and progression-free survival at 2 years
is 66%. Transplant-related toxicity was very minor,
and the majority of transplants occurred in an outpa-
tient setting. Similarly, Alyea et al. compared the
results of ablative and nonmyeloablative condition-
ing in a cohort of individuals above the age of 50, the
majority of whom had AML. No differences in out-
come were noted; however, interestingly, it appeared
that patients �50 years did better with ablative regi-
mens.91 While results from larger series need to con-
firm these findings, the combination of reduced
treatment-related morbidity and mortality with an
active GVL effect may make nonmyeloablative trans-
plantation the therapy of choice for individuals in
first remission with either intermediate or unfavor-
able cytogenetic risks, but is not recommended rou-
tinely at this time.

THERAPY OF RELAPSE AFTER TRANSPLANTATION
Relapse after allogeneic transplantation for AML is not
uncommon and represents a difficult challenge to the
clinician. Rates of response to donor lymphocyte infu-
sions (DLI) are roughly the same for AML as for ALL
and occur in roughly 15–40% of cases.52,92,93 Most of
these responses are short-lived and are often associated
with either acute or chronic GVHD. To be effective
most DLI must be performed in remission.

For patients who do not respond to DLI, the option
of a second allogeneic transplant exists. Using a sec-
ond, matched related donor, 3 year leukemia-free sur-
vival among 125 patients with relapsed AML after a
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is considered incurable with standard chemotherapeu-
tic approaches. Secondary AML is often associated
with adverse cytogenetic features including loss of part
or all of chromosome 7, loss of chromosome 5q,
translocations involving MLL gene at 11q23, or a com-
plex karyotype with multiple cytogenetic aberrations.
As in de novo AML, these cytogenetic changes are
associated with poor prognosis104 and wherever possi-
ble a suitable allogeneic donor should be identified
once secondary AML is diagnosed.105,106 Since many
patients with sAML are of advanced age, the less toxic
approaches of autologous and nonmyeloablative stem
cell transplantation have been used with varying
degrees of success. The EBMT reported outcomes in 173
patients with MDS or secondary AML who underwent
autologous transplantation. The risk of relapse was
55%, which was higher than for allogeneic stem cell
recipients.107 There are currently no long-term studies
supporting the use of autologous transplantation for
sAML. Allogeneic transplantation is the preferred ther-
apeutic modality, leading to long-term remission in
approximately 20–30%, when ablative conditioning is
utilized.105,108

Acute promyelocytic leukemia
Acute promyelocytic leukemia (APL), associated with
the t(15;17) translocation has the most favorable
prognosis of the AMLs, with long-term remission rates
of approximately 80% with ATRA-based induction
strategies.109 Nonetheless, relapses occur and fre-
quently involve the CNS.110 Fortunately, reinduction
with arsenic-based regimens is often successful at
inducing second remissions.111 As consolidative ther-
apy for APL in second remission, both autologous and
allogeneic transplant approaches have been
attempted. Meloni et al. demonstrated the value of
PCR testing for minimal residual disease in a series of
patients who underwent autologous transplantation
for APL in second clinical remission. Patients with
detectable translocations between the PML and RAR �

genes all relapsed, while the in patients without min-
imal residual disease by PCR relapsed rarely.112 In a
series of patients with APL in second clinical remis-
sion who received allogeneic stem cell transplants
from HLA-identical siblings, long-term disease-free
survival was 46%.113 Sustained remissions were noted
even in patients with persistent minimal residual dis-
ease prior to transplantation. This suggests that an
active GVL effect can cure APL, when autologous
transplantation is not indicated. While autologous or
allogeneic transplantation are generally only indi-
cated for patients with APL in first remission when
standard therapy cannot be administered, patients in
second remission benefit from autologous transplan-
tation, when minimal residual disease is undetectable
or allogeneic transplantation when minimal residual
disease persists.

first matched, related transplant was 27%.59 The
majority of these patients received allografts from the
same donor, and the majority had myeloablative con-
ditioning regimens. Factors that predicted survival
included the length of remission from initial trans-
plant, remission status at the time of second trans-
plant, and the age of the recipient.59 Similar findings
were reported from three European studies94–96,
although the transplant-related mortality in the
French study was 68%.96 In this study, chronic GVHD
was associated with a more favorable outcome (hazard
rate 3.2 for overall survival, p 
 0.0005), suggesting
that GVL is required for favorable long-term out-
come.96 These outcomes are only observed if the trans-
plant takes place more than a year after the first trans-
plant. Attempts at transplantation within 1 year are
associated with increased transplant-related mortality.
The use of unrelated donors to harness more potent
GVL effects97 and the use of nonmyeloablative condi-
tioning to reduce transplant-related mortality have
been attempted as well.98

SPECIAL TOPICS IN TRANSPLANTATION FOR AML
Stem cell source
As in ALL, trials have prospectively enrolled patients to
determine if outcomes using PBSC are superior, equiv-
alent, or inferior to stem cell transplantation. The Stem
Cell Trialists group demonstrated in an individual-
patient meta-analysis that for all hematologic malig-
nancies, disease-free outcomes were slightly superior
for PBSC transplantation, although this was not seen
in the AML subgroup. In a large retrospective IBMTR
review, outcome for patients with AML in first remis-
sion was no different for PBSCT in comparison with
BMT (1 year DFS 70% vs 61%, p 
 0.25); however,
patients in second remission benefited significantly
with PBSCT (1 year DFS 77% vs 57%, p 
 0.003).99 This
is in contrast to a large EBMT survey where no differ-
ences were noted,100 and a second EBMT survey where
CD34� rich stem cell transplantation was associated
with improved outcome for patients with AML in first
remission.101

The use of umbilical cord transplantation has been
explored for patients with AML, and until recently was
considered outside a clinical trial only when a sibling
or suitable unrelated donor was not available. Two
recent trials have recently demonstrated that although
there are differences in rates of GVHD and time to
engraftment with cord blood transplantation, long-
term outcomes are similar to unrelated stem cell trans-
plantation.102,103 Whether cord blood transplantation
is equivalent to unrelated PBSC transplantation is
unknown.

Transplantation for secondary AML
Therapy-related AML or AML arising from a myelodys-
plastic syndrome (collectively, secondary AML, sAML)
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CHRONIC MYELOGENOUS LEUKEMIA

Allogeneic stem cell transplantation is the only proven
curative treatment for chronic myelogenous leukemia
(CML). More allogeneic transplants have been per-
formed for CML and more cures achieved than for any
other disease. Paradoxically, while the results of trans-
plantation in CML appear to be improving over the
last several years, the number of allogeneic transplants
for CML has decreased over the same period. This
decrease has occurred as an increasing proportion of
patients are placed on imatinib mesylate (Gleevec) as
initial treatment and as a result of the effectiveness of
this agent.

Important questions remain regarding the appropri-
ate timing of allogeneic transplantation in the treat-
ment of CML. First, which patients should undergo
transplantation shortly after diagnosis? Secondly,
when should patients who initially receive treatment
with imatinib to be considered for transplantation?
Although most clinicians are familiar with recent clin-
ical studies with imatinib, many are less knowledge-
able about the results of recent transplant studies. The
following section details the current status of trans-
plantation in CML.

MYELOABLATIVE ALLOGENEIC
TRANSPLANTATION IN CML

Texts and review articles commonly provide a wide
range of survival and mortality rates in patients with
CML who undergo allogeneic transplantation. 1–5 The
lower range of survival and higher range of mortality
rates generally quoted are derived from studies of
patients who underwent transplantation 20 or more
years ago.6–11 Results have improved with time.6–12

Allogeneic transplantation using myeloablative reg-
imens works through two different mechanisms. The
myeloablative regimen eradicates nearly all malignant
cells in most patients. A retrospective analysis of iden-

tical twins with CML demonstrated a 3-year probabil-
ity of leukemia-free survival of 59%, compared to 61%
for HLA-identical sibling transplants.14 Although the
3-year probability of treatment-related mortality was
only 3% for the twins, their risk of relapse was 40% at
three years, compared to 7% for a cohort of HLA-iden-
tical sibling transplants. The fact that some patients
with CML are cured by syngeneic transplants demon-
strates that myeloablative therapy alone can eradicate
all malignant cells in some patients. The higher relapse
rate indicates a role for allogeneic cells in complete
eradication of disease. Lower relapse rates in patients
who undergo unrelated transplants and in those who
develop graft-versus-host disease15–17 further support
the importance of the allogeneic effect. The sustained
elimination of Ph� cells following infusion of donor
lymphocytes, in patients who relapse following trans-
plantation, is clear demonstration of the potency of
the allogeneic affect.18–20

MATCHED SIBLING TRANSPLANTS

Five-year estimates of leukemia-free survival following
myeloablative transplantation using sibling donors do
not precisely reflect rates of long-term disease-free
survival in chronic phase CML. Extended follow-up
demonstrates that deaths from chronic GVHD and
relapses occur beyond 5 years.21,22 However, donor
lymphocyte infusion (DLI) results in sustained
leukemia-free survival in a substantial proportion of
patients who relapse following transplantation, and
who would be considered treatment failures by con-
ventional analysis. “Current DFS” 23 more accurately
assesses long-term results of allogeneic transplantation
by appropriately recognizing patients who achieve
sustained remission following DLI. With current
approaches, including the use of DLI, approximately
two-thirds of patients with chronic phase CML can be
cured by myeloablative transplantation. Twenty-five
to 30% of patients die from complications of trans-
plantation, and 5% of relapsed disease.
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Along with improvements in supportive care, modifi-
cations in preparative regimens may play an important
role in improving results. Although busulfan has not
been proven statistically superior to total body irradia-
tion (TBI) as preparation for allogeneic transplantation,
some studies report lower rates of transplant-related
mortality and relapse, and higher rates of leukemia-free
survival using busulfan.24–26 Continued refinement of
busulfan-based regimens, including the use of intra-
venous busulfan27,28 and/or pharmacological targeting13

of busulfan, appears to improve results. Radich et al.
reported that 78% of patients transplanted in Seattle
have sustained leukemia-free survival using dose adjust-
ment of busulfan to ensure “targeted” concentrations13

(Figure 37.1).

MYELOABLATIVE TRANSPLANTATION
FROM UNRELATED DONORS

The outcomes in patients receiving unrelated trans-
plants have improved more rapidly than have outcomes
in patients with sibling donors. More sophisticated
techniques for determining HLA compatibility and bet-
ter understanding of the relative importance of match-
ing of specific HLA antigens are largely responsible.
Leukemia-free survival rates with well-matched unre-
lated donors in patients 40 years and younger, undergo-
ing transplantation within a year of diagnosis, appear to
be similar to those obtained with related donors.29–31

Yet, patients without histocompatible sibling donors are
rarely considered for transplantation early in the course
of disease. Although identification of donors and pro-
curement of stem cells can not be accomplished as
quickly as for sibling donors, preliminary studies can be
used to estimate the likelihood of finding a fully
matched donor. In most cases, donor stem cells can be
obtained expeditiously. Appropriate patients without
sibling donors should be offered this potential therapy. 

PROGNOSTIC FACTORS IN ALLOGENEIC
TRANSPLANTATION

Identification of significant prognostic factors repre-
sents an important advance in transplantation in
CML. In some situations, an understanding of these
factors, such as the interval between diagnosis and
transplantation, provides an opportunity to optimize
results. In others it permits a more accurate assessment
of outcome. Prognostic factors can also identify
patients who would be at high risk for complications
of transplantation, and for whom a transplant is not
an appropriate therapy.

AGE
Older age is perceived by many to be among the most
important adverse factors in transplantation. For allo-
geneic transplantation in general, the adverse influence
of older age largely results from the favorable outcome
of pediatric compared to adult patients.32,33 Differences
between younger and older adults are less dramatic. 

Studies using TBI in the preparative regimen for
transplantation in CML have demonstrated a signifi-
cant adverse influence of advancing age.34,35 The
Seattle program described a significant adverse affect
of age in CML using TBI, but not in patients who
receive busulfan13,36,37 (Figure 37.2). Others have simi-
larly failed to identify age as a significant independent
prognostic factor in patients who receive busulfan.38,39

Results from Ohio State have demonstrated that the
influence of age is attributable to other factors, includ-
ing interval from diagnosis to transplantation, which
is generally longer in older patients.39

INTERVAL FROM DIAGNOSIS TO TRANSPLANTATION
The incidence of transplant-related mortality increases
and leukemia-free survival decreases with prolonga-
tion of the interval from diagnosis to transplantation.
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Figure 37.1 Outcomes after transplantation
using a targeted BU/CY regimen. Estimates of
survival, DFS, and relapse at 3 years after trans-
plantation are 86%, 78%, and 8%, respectively



Although most studies have suggested a threshold at
1 or 2 years, at which point patients transplanted
beyond this cutoff fare significantly worse, analysis of
data from Ohio State demonstrates that interval is a
continuous variable. Patients undergoing transplanta-
tion less than 3 months following diagnosis had 5
years of leukemia-free survival in excess of 90% (Figure
37.3).39 Data from Seattle indicate favorable outcomes
in patients who undergo transplantation fewer than 6
months from diagnosis.40

The higher rate of transplant-related mortality asso-
ciated with prolonged intervals between diagnosis and
transplantation likely results from subclinical toxici-
ties due to therapy. Prior busulfan41 and interferon
therapy42,43 are associated with more regimen-related
toxicity than hydroxyurea. The adverse influence of
interferon is not seen with short-term treatment 
(�6 months)44 or when therapy is discontinued at

least 3 months prior to transplantation.45 Preliminary
results of transplantation in patients who took ima-
tinib have not generally indicated an adverse influ-
ence, but data suggesting a possible adverse affect have
been presented.46

PHASE OF DISEASE
The prior discussion refers to patients with chronic
phase disease. Patients with accelerated or blastic
phase disease have substantially worse outcomes with
allogeneic transplantation. Approximately one in
three patients with accelerated phase disease is cured
by allogeneic transplantation.1–6,47 Higher rates of suc-
cess have been reported in some studies; however, the
use of different definitions of accelerated phase disease
complicates interpretation of these data. Only one in
ten patients with blastic phase disease is cured by
transplantation.1–7,47
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Figure 37.2 Effect of age on survival. There are no
statistically significant differences in survival of
patients aged younger than 40 years, 40 to 50 years,
and older than 50 years (p 
 0.55)

Figure 37.3 The probability
of event-free survival for
patients with chronic phase
chronic myelogenous leukemia
undergoing allogeneic trans-
plantation less than 3 months,
3 months to a year, or more
than a year



DONOR SOURCE
Unrelated transplantation is perceived by many clini-
cians to be substantially more dangerous than trans-
plantation using sibling donors. Although overall
sustained LFS is roughly 10% lower using unrelated
donors, according to international registry data,
results in selected patients closely resemble those
achievable with siblings. Patients aged 50 years or
younger, with well-matched donors, who undergo
transplantation within a year of diagnosis, have sus-
tained survival rates of approximately 70%.29

The difference in outcome between siblings and
matched unrelated donors is closely related to the
degree of HLA incompatibility between donor and
recipient (Figure 37.4). Patients with chronic phase
CML within 2 years of diagnosis, mismatched at a single
HLA-A, B, C, DRB1, or DQB1 allele have a significantly
worse outcome than their counterparts with no mis-
match. A single mismatch of an HLA-C allele or anti-
gen, an occurrence largely unrecognized historically
because of the failure to prospectively match
donor–recipient pairs at this site, confers a signifi-
cantly increased risk of mortality.49

Multiple mismatches further increase transplant
risk. Those involving HLA-DQB increase mortality
compared to those not involving HLA-DQB.49 These
findings emphasize the necessity of performance of
and appropriate analysis of molecular typing of HLA
alleles for donor selection.

MARROW VERSUS PERIPHERAL BLOOD

The use of peripheral blood cells have been associ-
ated with more rapid engraftment and less severe
regimen-related toxicities, compared to marrow, in
several studies.50–54 An increased incidence of
chronic GVHD with peripheral blood cells has offset

this advantage, and most studies indicate similar
overall outcomes.

APPROACH TO PATIENTS

The Gratwohl score estimates transplant outcome
using age, disease, stage, interval from diagnosis to
transplant, type of donor, and donor–recipient gen-
ders.35 IBMTR data have confirmed the value of this
model.55

Newly diagnosed patients should be provided with
extensive information on imatinib and on transplan-
tation. Most patients who understand well the two
approaches will determine their own initial treatment.
Physicians must be certain that patients are well
informed. Many do not understand the significant
influence of treatment delay on transplant outcome,
the ease with which the potential for unrelated donor
matches can be determined, nor even that molecular
evidence of disease is present in patients who respond
well to imatinib. 

For patients who receive imatinib as initial therapy,
response to treatment is predictive of outcome. Patients
who achieve a major cytogenetic remission have a pro-
longed survival. Those who achieve complete cytoge-
netic remission enjoy the greatest survival advan-
tage.56,57 Quantitative assays demonstrate that patients
who achieve complete cytogenetic remission with
imatinib are more than twice as likely as those achiev-
ing complete remission with interferon plus cytara-
bine to have 3 log reductions in Bcr-Abl transcript lev-
els.58 All patients who achieve this level of reduction
are free from progression at 2 years.58,59 These patients
should continue imatinib until they demonstrate pro-
gressive disease.

At many centers, patients who fail to achieve sub-
stantial reductions in Bcr-Abl positive cells within
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Figure 37.4 No deaths occurred beyond 
12 years in any group. Among low-risk patients,
12 in the matched group and four in the mis-
matched group have follow-up beyond 12 years
and are indicated as censored observation at 
12 years



3–4 months, or a cytogenetic remission by 6 months,
are considered for allogeneic transplantation without
further delay. For patients who achieve cytogenetic
remission, but later have progressive increase in the
proportion of Bcr-Abl positive cells, transplantation is
similarly considered without delay.

MANAGING RELAPSE

Relapse of CML occurs in approximately 10% of
patients who undergo myeloablative allogeneic trans-
plantation for chronic phase disease, and in more than
50% of patients with blastic phase disease. Higher
relapse rates occur in identical twins and in T-cell
depleted transplants, and lower relapse rates occur in
patients developing GVHD. These data led to the use
of donor lymphocyte infusions to treat patients who
relapsed following allogeneic transplantation.19,20 A
majority of patients who recur achieve sustained mol-
ecular remissions with appropriately administered
DLI. Escalating dose schedules of DLI reduce the fre-
quency of GVHD and marrow aplasia, and improve
the effectiveness of this procedure.20

Molecular testing for Bcr-Abl transcripts can be used
to identify patients who are likely to relapse. Detection
of Bcr-Abl transcripts 6 to 12 months following trans-
plantation is highly predictive of subsequent relapse,
whereas detection less than 3 months or more than 18
months from transplantation is less predictive.

Quantification of Bcr-Abl offers more reliable predic-
tion of hematologic relapse. Patients with persistently
high levels of transcripts or with increasing Bcr-Abl
transcripts are highly likely to relapse.

REDUCED-INTENSITY STEM CELL
TRANSPLANTATION 

The desire to reduce transplant-related mortality, the
effectiveness of donor lymphocyte infusions, and evi-
dence in canine models that low doses of TBI provide
sufficient immunosuppression to permit engraftment
of histocompatible donor hematopoietic cells60,61 led
to the development and application of reduced inten-
sity regimens in CML.62–64 Although treatment was ini-
tially restricted to patients whose age or co-morbidities
placed them at high risk for complications, present
studies are designed to evaluate their effectiveness in a
broader range of patients.

Reduced-intensity regimens result in less acute toxi-
city and reduced regimen-related morbidity and mor-
tality.62–66 However, the incidence of severe GVHD
may be similar to that seen with myeloablative regi-
mens.65–67 Graft rejection68,69 and relapse occur more
frequently,65,66,68–70 while infectious complications
occur at a similar rate.66,68,71 These regimens permit
allogeneic transplantation of individuals who would

not be considered good candidates for myeloablative
transplantation. Their widespread application requires
further investigation.

AUTOLOGOUS TRANSPLANTATION

Autografting using Ph-negative stem cells harvested
during recovery from induction chemotherapy may
result in short-term cytogenetic remission and pro-
long survival modestly.72,73 However, Ph-positive
hematopoiesis generally recurs quickly.

Several ongoing studies collect mobilized stem cells
from patients who are not candidates for allogeneic
transplantation and who achieve cytogenetic remis-
sions with imatinib. When patients progress, auto-
transplantation is carried out. Such studies require suf-
ficient accrual and follow-up to render meaningful
results.74

SUMMARY 

Multiple areas of controversy surround the appropriate
timing of transplantation in individuals with CML.
Although the discussion focuses on transplantation as
initial therapy, timing of transplantation in patients
who first receive imatinib is equally important and
more frequently encountered.

Age and the availability of a sibling donor are the
two variables most commonly used to determine can-
didacy for transplantation as initial therapy. Older age
does not appear to be a significant adverse factor 
for allogeneic transplantation when busulfan-based
preparative regimens are used. Results with well-
matched unrelated donors are similar to those achieved
with sibling donors. The ability to assess preliminary
results, estimate the probability of finding a suitable
donor, and perform allogeneic transplantation quickly,
has made early transplantation with unrelated donors a
reasonable possibility in a sizable number of patients. 

In patients who receive imatinib as initial treat-
ment, monitoring Bcr-Abl transcript levels or, at the
least, monitoring of marrow cytogenetics to evaluate
initial response and early evidence of progression are
vital to provide appropriate care. The effectiveness of
reduced-intensity transplants, particularly in patients
with progressive disease, has not been firmly estab-
lished. Reduced-intensity transplantation and auto-
grafting should be performed only on appropriate clin-
ical trials.

CHRONIC LYMPHOCYTIC LEUKEMIA

Chronic lymphocytic leukemia (CLL), the most com-
mon leukemia in the Western hemisphere, remains
incurable with standard therapies. The increasing use

Chapter 37 ■ Transplantation in Chronic Leukemia 359



of genetic risk stratification factors, such as cytogenetic
abnormalities,00–00 zeta-associated protein 70 (ZAP-
70),00–00 and immunoglobulin heavy chain variable
region (IgVH) mutational status00–00 allows physicians
to identify high-risk patients who likely will fare
poorly with standard chemotherapy. CLL patients
with unmutated IgVH have a much poorer prognosis
than patients with mutated CLL00–00 and comprise a
target population for whom SCT should be considered.
However, despite considerable interest in the use of
SCT for CLL, the long-term survival benefit of SCT
remains unclear in this disease. Autologous SCT has
failed to demonstrate a durable long-term survival
benefit, whereas myeloablative allogeneic SCT is asso-
ciated with significant treatment-related mortality
(TRM). Non-myeloablative allogeneic SCT has demon-
strated promise, but long-term follow-up is lacking.
The role of SCT in CLL has been extensively
reviewed00–00; therefore, this section will focus on
selected topics.

AUTOLOGOUS SCT

Studies of autologous SCT in CLL have produced
mixed results, due to patient selection and the variable
use of purging techniques. Disease-free survival (DFS)
has ranged from 25% to 69%, with similar discrepancies
in overall survival (OS).00–00 Until recently, the best
results (63–69% 4-year DFS, 85–94% 4-year OS) were
achieved using purged SCT in patients with relatively
early disease.00–00 However, a British MRC study
recently reported that autologous SCT using unpurged
stem cells achieved 5-year DFS and OS rates of 78%
and 52%, respectively, in 65 patients.00–00 Sixteen of
20 evaluable patients achieved molecular remission by
PCR examination of IgVH gene rearrangement. The
benefit of stem cell purging has not been demon-
strated by randomized studies, and this recent British
study showed that excellent results can be obtained
without purging.00–00 Therefore, the use of stem cell
purging should remain experimental.

The utility of autologous SCT in high-risk patients
with unmutated IgVH has been examined. A retrospec-
tive German study of 58 CLL patients (20 mutated, 38
unmutated) showed that unmutated IgVH remained an
adverse prognostic factor despite autologous SCT.00–00

Median time to clinical relapse was 37 months in the
unmutated group, whereas only one mutated patient
relapsed 4 years post-SCT; the 2-year probability of
relapse was 19% and 0%, respectively, for unmutated
and mutated patients. Nonetheless, unmutated
patients still enjoyed a 2-year OS of 89%. A similar
study examined 325 consecutive CLL patients enrolled
on clinical studies at the University of Heidelberg.00–00

Forty-four patients who underwent autologous SCT
were matched with 44 similar patients who received
chemotherapy without SCT. Unmutated IgVH was

seen in 66% of both cohorts. Median survival from
diagnosis for unmutated patients was 139 months for
SCT, versus 73 months for chemotherapy, with a haz-
ard ratio (HR) of 0.31 (p 
 0.02). These studies demon-
strate that, while patients with genetic risk factors,
such as unmutated IgVH, still do poorly compared to
good- or intermediate-risk patients who undergo
autologous SCT, autologous SCT still confers benefit
onto high-risk CLL patients. Thus, an autologous SCT
as part of a clinical trial should be considered for poor-
risk CLL patients who are unable to undergo allogeneic
SCT. 

Despite the promising results of these studies, the
utility of autologous SCT in CLL is limited by several
factors. Firstly, patients with CLL often have signifi-
cant marrow and blood involvement that may result
in contamination of the stem cell product despite
cytoreductive therapy00–00 Secondly, the predominant
chemotherapeutic agent in CLL, fludarabine, is pro-
foundly myelosuppressive and may hamper collec-
tion of an adequate number of autologous stem cells.
For example, peripheral stem cell mobilization was
unsuccessful in 33% of patients in the MRC study.
00–00 Thirdly, the high-dose conditioning regimens
used in autologous SCT are associated with a signifi-
cant risk of secondary myelodysplasia (MDS) or AML;
8% of patients in the MRC study developed
MDS/AML. 00–00 Finally, extensive studies in follicle
center lymphoma00–00 and multiple myeloma00–00

have not demonstrated that autologous SCT is cura-
tive in hematologic malignancies that are incurable
with standard chemotherapy. In particular, this last
factor has dampened enthusiasm for further studies
of autologous SCT for CLL, particularly for patients
who have an HLA-identical sibling donor. Given the
limitations of autologous SCT, the major focus of
clinical research in SCT for CLL has shifted to allo-
geneic SCT.

MYELOABLATIVE ALLOGENEIC SCT

Allogeneic SCT offers several theoretical advantages
over autologous SCT in CLL. First, contamination of
the stem cell source and inadequate stem cell collec-
tion are not obstacles for allogeneic SCT. Secondly, the
use of an allogeneic donor allows for an immunologi-
cal graft-versus-leukemia (GVL) effect. Although GVL
is not as pronounced in allogeneic SCT for CLL as it is
for CML, studies have demonstrated that this
immunological effect is still important.00–00 Limited
data suggest that TBI-containing conditioning regi-
mens are superior to busulphan and cytotan (BuCy) in
CLL. A small study of 25 patients by the Seattle group
revealed a 100-day TRM of 57% for BuCy (n 
 7), com-
pared to 17% for TBI regimens (n 
 18). Five-year actu-
arial survival was 56% for 14 patients transplanted
with TBI regimens from 1992 to 1999.00–00 An MD

Part I ■ LEUKEMIA360



Anderson study of Cy/TBI in 28 CLL patients observed
a 100-day TRM of 11%. Five-year PFS and OS were 78%
and 78%, respectively, for chemo-sensitive patients,
compared to 26% and 31% for refractory patients.00–00

Thus, TBI-containing myeloablative regimens offer the
potential of long-term survival with acceptable TRM.
Although results are superior for chemo-sensitive
patients, myeloablative allogeneic SCT benefits a sub-
stantial minority of refractory patients.

Although prospective studies of myeloablative allo-
geneic SCT for CLL have been limited by small sample
size and inadequate follow-up, large, retrospective
multi-center registry analyses have examined the use
of allogeneic SCT in large numbers of CLL patients.00–00

A retrospective EBMT study of 135 patients showed a
54% 3-year OS and 40% 100-day TRM.00–00 Similar
findings were reported by the IBMTR, with a 45% 3-
year OS and 30% 100-day TRM in 242 patients. 00–00

Although patients in these analyses were relatively
young (median age 45 and 47), with a median of only
two prior therapies, the high TRM may be explained in
part by the late stage of the disease in many of these
patients. Median time from diagnosis to SCT was 41
and 46 months in the two studies, respectively,00–00

and 37% of patients in the EBMT study were chemo-
refractory entering transplant.00–00 Although there are
no randomized studies, a retrospective comparison
showed a 3-year DFS of 57% for allogeneic SCT, versus
24% for purged autologous SCT.00–00

Thus, myeloablative allogeneic SCT may offer supe-
rior DFS in CLL, compared to autologous SCT.
Although 3-year DFS after allogeneic SCT is approxi-
mately 50%,00–00 longer follow-up is needed to deter-
mine if this disease remission proves durable over
time. However, the advantage in markedly decreased
relapse rates with allogeneic SCT is offset by a higher
TRM,00–00 decreasing enthusiasm for this treatment
modality in CLL, which is often an indolent disease.
Limited data indicate that Bu/Cy may be particularly
toxic in this population; in contrast, TBI regimens
appear to induce acceptable TRM.00–00 In order to pre-
serve the immunological GVL effect while reducing
TRM, the focus of clinical SCT research in CLL has
turned to non-myeloablative allogeneic SCT in recent
years (discussed below). However, the ability of mye-
loablative allogeneic SCT to achieve DFS in a signifi-
cant minority of chemo-refractory patients indicates
that a full allogeneic SCT should be considered for this
group of patients. Cy/TBI or a similar TBI regimen
should be considered for any CLL patient undergoing
full alloegeneic SCT.

NON-MYELOABLATIVE ALLOGENEIC SCT

The major focus of clinical transplant research in CLL
has shifted to non-myeloablative allogeneic SCT.
Ideally, the GVL effect of allogeneic SCT can be har-

nessed, while reducing TRM from acute GVHD, acute
infection and organ toxicity associated with myeloabla-
tive SCT. Although many reports of non-myeloablative
SCT have included CLL with other indolent lympho-
proliferative diseases, such as follicle center lymphoma,
several studies have specifically examined CLL.00–00

Fludarabine, busulfan, and ATG were administered to
30 German CLL patients; the stem cell source was a
matched related (n 
 15) or unrelated (n 
 15) donor.00–00

Grade 2–4 acute GVHD was observed in 56% patients,
while 75% developed chronic GVHD.00–00 Responses
were seen in 93% patients, with 40% achieving CR. Of
note, it took up to 2 years for patients to achieve CR,
suggesting a GVL effect. All patients achieved a molecu-
lar CR by PCR, but only six patients were in continued
molecular CR after a median follow-up of two years.
Two-year TRM, PFS, and OS were 15%, 67%, and 72%,
respectively.00–00

The EBMT retrospectively examined 77 CLL patients
who received a variety of non-myeloablative condition-
ing regimens, followed by allogeneic SCT. 00–00 Median
follow-up was 18 months. Complete chimerism and
best response were achieved a median of 3 months post-
SCT. One-year TRM was 18%, and the 2-year probability
of relapse was 31%. Two-year DFS and OS were 56% and
72%, respectively. Nineteen patients received donor
lymphocyte infusion (DLI) for relapse or incomplete
donor chimerism, but only seven responded to DLI
(37%). Unfortunately, the interpretation of this study
was compromised by the heterogeneity of conditioning
regimens, and the use of ATG or Campath-1H for T-cell
depletion in 40% of patients.

A recent, small German study indicated that non-
myeloablative allogeneic SCT may be superior to
autologous SCT in obtaining clinical and molecular
remissions in high-risk CLL patients with unmutated
IgVH, due to a GVL effect. Seven of nine patients
(78%) became negative by PCR for allele-specific IgVH
after day � 100 post-SCT; attainment of molecular CR
occurred after DLI or development of chronic GVHD.
In contrast, only six of 26 control CLL patients (23%)
achieved a PCR-negative state after autologous SCT.
00–00 Thus, an immunological GVL effect appears to be
important in CLL and may confer a long-term survival
advantage for allogeneic over autologous SCT, given
sufficient time. Finally, the MD Anderson adminis-
tered fludarabine and cyclophosphamide to 17
patients, 10 of whom also received rituximab, fol-
lowed by allogeneic SCT. 00–00 Ten patients subse-
quently received DLI for persistent CLL; 7 achieved a
CR, and 2 a PR. Of the 17 patients, 12 achieved a CR
and 4 a PR, for an overall response rate of 94%.
Interestingly, OS was 100% for patients who received
rituximab with conditioning, compared to 14% for
patients who did not. Although these results were
intriguing, this was a small study, and it is unclear how
rituximab may augment or facilitate the GVL effect of
allogeneic SCT in CLL.
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SUMMARY

Despite advances in chemotherapy for CLL, this dis-
ease remains incurable by standard therapies. Thus,
SCT should be considered, especially for younger
patients and patients with high-risk genetic features
who likely will do poorly with chemotherapy. Non-
myeloablative allogeneic SCT is the most promising
transplant modality in CLL, and is the focus of most
clinical transplant studies in CLL. Short-term DFS of
50–75% has been obtained with acceptable TRM, and
molecular responses have been obtained with the
onset of GVHD or the therapeutic use of DLI. However,
long-term follow-up is lacking, and it is unclear

whether the DFS observed during 2 years will prove
durable over time. Myeloablative allogeneic SCTs
should be considered for patients with bulky or refrac-
tory disease; a TBI-containing regimen should be used
to reduce TRM. Finally, autologous SCT should be con-
sidered for high-risk CLL patients who do not have an
allogeneic option. Although autologous SCT has not
proven curative in CLL, it still confers a survival
advantage on patients with unmutated IgVH.
However, it is necessary to limit the number of prior
therapies, particularly fludarabine-based regimens,
given that insufficient stem cells are collected from a
third or more of CLL patients being considered for
autologous SCT.
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38Chapter 38
MYELODYSPLASTIC SYNDROMES:
MOLECULAR BIOLOGY, PATHOLOGY,
AND CYTOGENETICS
Rami Komrokji and John M Bennett

1Section 1
MYELODYSPLASTIC
SYNDROMES

INTRODUCTION

The myelodysplastic syndrome (MDS) is a heteroge-
neous group of clonal neoplastic stem cell disorders.
The disease is characterized clinically by bone mar-
row failure with peripheral cytopenias and a ten-
dency to progress to acute myeloid leukemia (AML).
Pathologically, dysplastic morphologic features in the
peripheral blood and bone marrow gives the disease its
misnomer as myelodysplastic syndrome, although it is
truely neoplastic.1

The recognition and classification of MDS have
evolved over the years as we learn more about the dis-
ease. The description of refractory anemia early in the
past century was followed by the observation of progres-
sion to leukemia. MDS was then recognized as a primary
bone marrow failure disorder. The French-American-
British classification (FAB) and its revision addressed the
heterogeneity in the subtypes and noted the variability
in progression to AML.2,3 The new World Health
Organization (WHO) classification refined the FAB clas-
sification in an attempt to better predict outcome by
using more homogenous and distinct subgroups.4

MDS is predominantly a disease of the older adults,
probably reflecting the requirement of multiple and
prolonged leukemogens for the disease to develop.
MDS may be more common than chronic lymphocytic

leukemia (CLL). The estimated incidence is 4/100,000
US citizens per year and it increases with age.5 Majority
of patients will succumb to the disease, more so
because of infections and their complications rather
than AML evolution.6 Only one third of patients will
eventually progress to AML, a process that may result
from accumulating further DNA damage, as well as
from clonal evolution.

PATHOGENESIS MODEL

The occurrence of MDS is best viewed in the framework
of a multi-hit theory. Hereditary and multiple environ-
mental factors result in a neoplastic stem cell clone.7

The MDS clone is characterized by altered gene func-
tions; the gene alterations result either from single-gene
mutations, chromosomal abnormalities (mostly dele-
tions), or gene silencing. Many of those altered genes
are suppressor genes that function in a recessive man-
ner. Various gene alterations of MDS clone result in an
intrinsic increase in the susceptibility of the clone to
apoptosis. MDS clone is also recognized by the immune
system leading, in some cases, to clonal T-cell prolifera-
tion that leads to release of various cytokines, including
TNF alpha.8–10 The cytokines cause the apoptosis of the
MDS clone and of normal hematopoietic cells.11 This
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intrinsic and immune-mediated susceptibility to apop-
tosis are the hallmarks of early MDS pathogenesis,
explaining the clinical findings of peripheral cytopenias
despite a hypercellular bone marrow.12

EVIDENCE OF CLONALITY

The neoplastic MDS clone arises from a pluripotent stem
cell. The evidence of clonality was originally demon-
strated through G6PD mosaicism.13 Subsequently, cyto-
genetic studies revealed two clones with and without
trisomy eight in patients with sideroblastic anemia.14

Clonality is also supported by restriction fragment
length polymorphisms (RFLPs) of X-chromosome
genes and by the use of fluorescence in-situ
hybridization (FISH).15 The assay is based on differ-
ences in X chromosome inactivation patterns
between normal and neoplastic tissues of female
patients. In a polyclonal cell population, the mater-
nal X chromosome is active in half the cells and inac-
tive in the other half, while in a monoclonal cell pop-
ulation, the maternal X chromosome is either active
or inactive in all the cells. This difference in the pat-
tern of X chromosome inactivation between normal
and neoplastic cell populations can be demonstrated,
in females heterozygous for a particular RFLP, by a
Southern blot analysis using X-linked DNA probes
with restriction enzymes capable of differentially
cleaving the material from the paternal X chromo-
some on one hand, and the active from the inactive X
chromosome on the other. Several studies have also
shown evidence of clonality in lymphoid lineages as
well, suggesting that the MDS clone arises from early
pluripotent stem cells capable of myeloid and lym-
phoid differentiation.16,17 Karyotypic evolution and
complex karyotypic changes may occur with progres-
sion of MDS and transformation to AML.

GENE ALTERATIONS

Loss or gain of gene function can result from single-
gene mutations, chromosomal translocations (unbal-
anced or balanced), and epigenetic alterations, such as
silencing of gene expression by hypermethylation.
The net result is either gain of an oncogene function or
loss of tumor-suppressor gene function. Tumor-sup-
pressor gene function in a recessive fashion that
requires loss of both alleles.18 Haploinsufficiency (loss
of a single gene copy) can result in reduction of the
gene products and a predisposition to malignancies.19

The RAS gene family is the most studied in MDS.
Ten to forty percent of patients with MDS have RAS
mutations. The most common mutation is a single
base change at codon 12 of the N-RAS family. The
resultant mutated N-RAS protein retains an active GTP
form, promoting continuous signaling to the nucleus.
N-RAS mutations carry a higher risk of AML transfor-
mation and portend a worse prognosis. 

Other gene mutations described in MDS include P53
tumor suppression gene (5–10% of cases);20 FLT3 onco-
gene receptor tyrosine kinase (5% of cases);21 P15 ink4b,
a tumor suppressor gene that is transcriptionaly
repressed through promoter silencing by hypermethyla-
tion (can be present in up to 50% of high-grade MDS).22

The abnormality is seen with the 7q- syndrome and is
associated with shorter survival.23 Microsatellite insta-
bility (MSI) resulting from defective mismatch repair
genes (MMR) has been described particularly in therapy
related MDS (t-MDS).24 Table 38.1 lists a few of the
described genes that are altered in MDS.

Certain co-existing gene mutations may increase
the individual susceptibility to develop MDS; the
NQO1 gene mutation increases the risk for t-MDS in
both the homozygotic and heterozygotic states. NQO1
is a quinone oxireductase required for detoxifying ben-
zene derivatives.25,26
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Gene Abnormality Significance in MDS Function

BCL-2 Overexpression High risk MDS Anti-apoptosis

CSF1R/FMS Mutation High risk MDS Encodes macrophage CSF

GCSFR Mutation Congenital neutropenia Encodes G-CSF receptor
and progression to MDS/AML

FLT 3 Internal tandem High risk MDS, Encodes tyrosine kinase 
duplication progression to AML receptor

MDR1 Expressed Drug resistance Transmembrane efflux pump

MPL Overexpressed High risk MDS Encodes thrombopoeitin receptor

NF1 Mutation Pediatric MDS Tumor suppressor gene

NRAS Mutation Early MDS Cell signaling pahtway

P15 ink4b Hypermethylation High risk MDS Cycline-dependent kinase inhibitor

P53 Mutation Early and high risk Arrests cell cycle to allow 

MDS, poor prognosis DNA damage repair

Telomerase Increase activity High risk MDS Maintain telomere length

Table 38.1 Altered genes in MDS
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MICROARRAY ANALYSIS IN MDS

The introduction of microarray analysis revolutionized
the analysis of gene profiles. Not only can thousands of
genes be analyzed together, but the technique also
identifies gene profiles, “molecular signatures” that can
help refine the disease, categorize its subtypes, better
predict outcomes, and hopefully tailor therapies. 

Microarray analysis studies in MDS identified new
important genes, profiles that may help distinguish
MDS from AML, as well as low risk from high risk MDS.
In one study, investigators were able to discriminate
between healthy control bone marrow samples and
samples from MDS patients using the expression profile
of 11 selected genes representing different gene classes.
The gene expression profile was also able to discrimi-
nate between low risk and high risk MDS. The retinoic
acid induced gene (RAI3), radiation-inducible immedi-
ate early response gene (IEX1), and the stress-induced
phosphoprotein 1 (STIP1) gene were among the genes
down-regulated in low risk MDS reflecting that the
CD34 MDS, stem cells may lack the defensive proteins
and thus be more susceptible to damage.27 In another
study, researchers were able to distinguish between AML
blasts and MDS blasts by using gene profiles. Delta-like
gene (Dlk), Tec gene, and inositol 1,4,5-triphosphate
receptor type 1 gene were among those highly specific
for MDS. The Dlk 1 gene, for example, may be an
important gene in cell proliferation and may allow stro-
mal cells to support stem cells.28 Gene sets identified for
early stage MDS included the PIASy gene (PIAS family
are a group of signaling proteins), which functions as a
tumor-suppressor gene. As MDS progresses and trans-
forms to AML, those gene expressions are decreased.29

CYTOGENETICS

Chromosomal abnormalities are described in 40–70%
of all MDS cases.30 Chromosomal abnormalities usu-
ally consist of an unbalanced loss, deletion, or translo-
cation. It may be surprising to find a normal karyotype
in 30–60% of a clonal disease; however, this could be
explained by technical failures, as well as karyotypic
evolution over time. A normal karyotype does, how-
ever, carry a better prognosis, similar to the 5q- syn-
drome, 20q-, or loss of chromosome Y. A complex
karyotype is defined as the presence of three or more
different cytogenetic abnormalities. It occurs in
10–20% of primary MDS and in up to 90% of therapy-
related MDS. Table 38.2 lists the most common chro-
mosomal abnormalities in primary and therapy related
MDS.31 More cytogenetic abnormalities occur in high
risk MDS and therapy related MDS. The reported fre-
quency of cytogenetic abnormalities under the new
WHO classification are: refractory anemia 25%; refrac-
tory anemia with ring sideroblasts 10%; refractory

cytopenia with multi-lineage dysplasia 50%; and
refractory anemia with excess blasts type I & II
30–50%.32 Cytogenentic abnormalities do not corre-
late with WHO subtypes, except for the 5q- syndrome,
which represents a separate entity, and isodicentric X
chromosome associated with ring sideroblasts.31

LOSS OF CHROMOSOME 5/del(5q)
Loss of chromosome 5 or interstitial deletion of its
long arm is one of the most common chromosomal
abnormalities described in primary and therapy-
related MDS (see Table 38.2). This abnormality is asso-
ciated with previous exposure to carcinogens, includ-
ing benzene, alkylating agents, and radiation.33 This
�5/del(5q) abnormality is distinguished from the 5q-
syndrome. The 5q- syndrome is associated with a
macrocytic anemia and often thrombocytosis. It
occurs more commonly in upper middle age females,
and carries the best prognosis of MDS subtypes. The
deletion in the 5q- syndrome breakpoint, which
involves band 5q33, contains a different myeloid
tumor-suppressor gene from the 5q31 band that is
commonly involved in -5/del (5q).31

LOSS OF CHROMOSOME 7/Del(7q)
Monosomy 7 or deletion of the long arm of chromo-
some 7 is well described in therapy-related MDS and pri-
mary MDS (see Table 38.2). The breakpoint 7q22 is more
commonly associated with MDS cases. A monosomy 7
syndrome entity is described in the pediatric literature,
and is common in juvenile myelomonocytic leukemia
(JMML). Interestingly, �7/del(7q) is the most common
abnormality described in patients with hereditary pre-
dispositions to MDS, such as Fanconi anemia.31,34

Loss of 7q is associated with AML1 gene mutations.
Monosomy 7 or deletion of the long arm of chromo-
some 7 is associated with a poor outcome in children
and adults.

TRISOMY 8
Trisomy 8 is described in different hematological
malignancies including MDS. Its significance is not
well understood.31,34

Cytogenetic Primary MDS Therapy-related
abnormality MDS 
All over 40–70% 80–90%

–5/ del (5q) 10–20% 90% –5 or –7

–7/ del (7q) 5–10%

�8 10% 10%

–Y 10%

17 p– 7%

del(20q) 5%

t(11q23) 5–6% 3%

Complex karyotype 10–20% 90%

Table 38.2 Cytogenetic abnormalities in MDS



LOSS OF Y CHROMOSOME 
Loss of chromsome Y is described in patients with
hematological and non-hematological diseases, and by
itself does not represent diagnostic evidence of a
hematological process.35 Once present, however, in
MDS it may carry a favorable prognosis.

LOSS OF THE SHORT ARM OF CHROMOSOME 17
17p syndrome is associated morphologically with the
classical pseudo-Pelger-Huët hypolobulation. The p53
gene is located on 17p13.1 and is often involved in
this syndrome.31

DELETION OF THE LONG ARM OF CHROMOSOME 20 
Del (20q) carries a favorable prognosis as an isolated
abnormality. It is more often seen in early MDS.
Prominent erythrocytic and megakaryocytic dysplasia
is often seen. Mature granulocytes from the peripheral
blood may lack the abnormality, suggesting an
increased propensity for apoptosis in the clone carry-
ing this abnormality.31,34 Isochromosome 20q with
loss of interstitial material i (20q-) was described
recently in six MDS patients out of a registry of 998.
This was seen more commonly in older patients,
whose MDS behaved different clinically from the 20q-
syndrome, with its rapid progression and shorter sur-
vival. The i (20q-) could represent a further evolution
of the 20q karyotype, thus predicting disease progres-
sion.36

11q23 SYNDROME
Translocations involving 11q23 are classically
described in therapy-related MDS secondary to topoi-
somerase II class drugs.37,38 The MLL (mixed lineage
leukemia) gene is located on 11q23, and in acute
leukemia usually portends a poor prognosis. The exact
involvement of the MLL gene in primary MDS is not
well defined.34

OTHER CHROMOSOMAL ABNORMALITIES
t(5;12)(q33;p13) occurs in 2–3% of CMML cases. The
translocation results in a fusion oncogene TEL/
PDGFßR. TEL is a transcription factor gene located on
chromosome 12p13.1. It is involved in angiogenesis
and hematopoesis. TEL fuses to the transmembrane
and cytoplasmic domains of PDGFR, replacing the lig-
and-binding site, and leads to autoactivation of the
PDGFR.39,40 CMML patients with this translocation
may benefit from therapy with imatinib mesylate as
well as other tyrosine kinase inhibitors.40–42 Other
translocations reported in CMML includes: t(5;17)
(q33;p13) (Rabaptin-5/PDGFßR),43 t(5;7)(q33; p11.2)
(HIP1/PDGFßR),44 and t(5;10)(q33;q21) (H4-D10S170/
PDGFßR).43 Cytogenetic abnormalities are seen in
20–30% of CMML cases.45

t(3,21) is described in t-MDS/AML. EAP (Epstein-
Barr virus small RNAs associated protein) at 3q26 fuses

to the RUNX1 gene (AML gene) on 21q22 leading to
truncation of RUNX1 and loss of its function. Two
other genes described on 3q26 include EVI1 (ecotropic
virus infection site) and MDS/EVI1 (MDS associated
sequences). The MDS/EVI1 gene fuses to RUNX1, lead-
ing to a different EVI1 protein.31 Patients with MDS
who have EVII abnormalities may benefit from ther-
apy with arsenic trioxide.

The Philadelphia chromosome t(9,22) has been
described in MDS. Ph�MDS patients had a median
survival of 13 months in one review.46 Translocations
seen in AML, such as t(8,21) or inv(16), have also been
described in MDS.

CYTOGENETICS AND PROGNOSIS OVERVIEW
The international prognostic scoring system (IPSS) is
one of the best available systems to predict prognosis
and AML evolution in MDS. The IPSS was developed
by the international MDS risk analysis workshop. Data
were pooled from seven previous studies that used
independent risk-based prognostic systems. In a multi-
variate analysis age, gender, cytogenetics, cytopenias,
and bone marrow blasts were significant independent
prognostic variables.47

According to cytogenetics, patients were placed into
three categories: a good prognosis group with normal
cytogenetics, �Y, del(5q), and del(20q); a poor prog-
nosis group, including patients with three or more
cytogenetic anomalies or chromosome 7 anomalies;
and other anomalies, classified in the intermediate
group. The median survival in years for good, interme-
diate, and poor prognosis groups were 3.8, 2.4, and 0.8
years, respectively. The time to 25% AML evolution
was 5.6, 1.6, and 0.9 years, respectively.47,48

APOPTOSIS IN MDS

Apoptosis may carry the explanation for the paradox-
ical observation of peripheral cytopenias and a
normo- or hypercellular bone marrow in MDS.49,12

Evidence of apoptosis in MDS is supported by various
techniques. Apoptosis was first observed by electron
microscopic examination of the bone marrow in MDS
patients. Evidence of apoptosis was also shown by bio-
chemical techniques, in situ methods, and flow cyto-
metric studies.12

Apoptosis seems to be greater in the early stages of
MDS and decreases as MDS progresses and transforms
to AML. Flow cytometric studies revealed that the pro-
portion of CD34� cells in G1-DNA phase is higher in
early MDS. Also, the ratio of c-Myc (a pro-apoptotic
gene) to BCL 2 (an anti-apoptotic gene) decreases as
MDS progresses to AML.50 It is controversial whether
apoptosis is restricted to CD34� progenitors, or
whether it also includes mature cells.12

Several mechanisms can explain the observation of
excessive apoptosis in MDS. The MDS clone itself may
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carry an intrinsic liability for apoptosis due to altered
gene functions and expression; however, there is a lack
of correlation between cytogenetic abnormalities and
apoptosis, suggesting that the phenomenon is not
only restricted to the MDS clone.51,52 Increased apop-
tosis in MDS could also be secondary to inhibitory
cytokines (mainly TNF-�) that can induce apoptosis
and may affect both the MDS clone and normal
cells.53,54 Increased expression of FAS ligand (CD 95
cell surface protein) in MDS bone marrow cells could
also be one of the mechanisms contributing to apop-
tosis.55 Other potential mechanisms include cell cycle
abnormalities and mithochondrial abnormalities lead-
ing to increased apoptosis. Mutations of mitochondr-
ial DNA may also impair iron metabolism, contribut-
ing to sideroblastic anemia.12

MICROENVIRONMENT IN MDS

The hematopoietic microenvironment refers to the
fibroblasts, adipose cells, macrophages, endothelial cells,
and the supportive matrix of the bone marrow.56

Though still somewhat controversial, there is growing
evidence that abnormalities of the supporting stroma
affect its ability to effectively support normal
hematopoiesis in MDS.56–59

Using in vitro studies, abnormalities of the hematopoi-
etic microenvironment in patients with MDS were
demonstrated.60 Adherent cell layers were developed in
long-term bone marrow cultures (LTMC) from MDS
patients and normal marrows. The adherent cell layer
consisted of a mixture of cells, mostly fibroblasts and
macrophages. Morphologically, the adherent cell layer
appeared to be normal in MDS, however, it produced
more IL-6 and TNF compared to normal bone marrow.
The adherent cell layers were then separated into
macrophage, and fibroblast-enriched cell layers, both
of which demonstrated increased apoptosis. The
macrophage-enriched cell layer produced significantly
higher TNF-�, while the fibroblast-enriched layer pro-
duced significantly higher IL-6 than normal marrows. A
dysfunctional stroma may also contribute to the patho-
genesis of MDS. Reports of donor cell leukemia or MDS
after allogeneic stem cell transplant may represent sup-
porting evidence for the role of the microenvironment
and stroma in disease pathogenesis.61

PATHOLOGY

Pathological dysplastic features are the hallmark of
MDS. The diagnosis of MDS requires careful examina-
tion of the peripheral blood, bone marrow aspirate, and
core biopsy. MDS is a diagnosis of exclusion, and no sin-
gle dysplastic or morphological feature is pathogno-
monic. The pathological examination should provide
information regarding the presence of dysplasia, the cell

lines involved, the percentage of bone marrow blasts,
and the presence and percentage of ring sideroblasts. 

The French-American-British (FAB) system served as
the gold standard classification for MDS for more than
20 years.2,3 The new WHO classification was built on the
FAB classification system with further attempts to refine
the classification.4 Table (38.3) summarizes the WHO
subtypes and the required criteria for the diagnosis of
each. Briefly, the major changes in the WHO classifica-
tion include the introduction of multi-lineage dysplasia
(defined as more than 10% dysplastic progeny of two or
more cell lines and less than 5% blasts) and preservation
of the subtypes refractory anemia and refractory anemia
with ring sideroblasts to uni-lineage dysplasia and less
than 10% dysplasia in either the myeloid or the
megakaryocytic cell lines. Refractory anemia with excess
blasts is subdivided into type I (5-9% blasts) and type II
(10-19%) blasts. Refractory anemia with excess blasts in
transformation is eliminated and the threshold for diag-
nosis of AML is lowered to 20% blasts instead of 30%
blasts. Chronic myelomonocytic leukemia is moved to a
separate category (myelodysplastic/myeloproliferative
disorders) along with atypical chronic myelogenous
leukemia (CML) and JMML. Finally, the 5q- syndrome is
recognized as a distinct entity due to its unique clinical
presentation and favorable outcome.32,62,48.

The recommendations for the diagnosis of MDS are
the same in the WHO and FAB classifications.32

Peripheral blood and a bone marrow aspirate and
biopsy should be examined. Cytogenetics should be
tested when feasible. The standard stains
(Romanowsky, hematoxylin and eosin) should be
done, in addition to the Prussian blue stain for iron
and the reticulin stain for fibrosis. Silver stains may
reveal sideroblasts in cases of iron deficiency anemia.63

To determine the percentage of blasts, a 500-cell differ-
ential should be performed on the bone marrow and a
200-cell differentiation on the peripheral blood.

The dysplastic features in the bone marrow and
peripheral blood include:
Dyserythropoietic features: In the bone marrow these
include multinuclearity, nuclear fragments, mega-
loblastoid changes, cytoplasmic abnormalities, and
increased erythroblasts (Figure 38.1(a) and (b)). In the
peripheral blood manifestations may include poikilo-
cytosis, anisocytosis, nucleated red blood cells, and
basophilic stippling.
Dysgranulopoietic features: These include hypolobula-
tion, nuclear sticks, ring-shaped nuclei, and hypogran-
ulation. The classical pseudo-Pelger-Huët neutrophils
should be seen in more than 10% of the peripheral
neutrophils (Figure 38.1(a)).
Dysmegakaryocytopoietic features: These include
micromegakaryocytes, large mononuclear forms, and
multiple small nuclei (Figure 38,1(c)).
Abnormal sideroblasts: These are defined by five or more
iron granules. When the granules encircle one third or
more of the nucleus in iron stained smears, the term
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“ringed sideroblast” is applied (Figure 38.1(d)). Ring
sideroblast MDS subtypes have more than 15% ring
sideroblasts and less than 5% blasts.

In addition to the aspirate, the bone marrow biopsy
may give helpful information. A bone marrow biopsy
allows for a better assessment of cellularity. MDS bone
marrow is typically normo or hypercellular;64 however,
hypoplastic MDS, an entity that resembles aplastic
anemia, could be challenging to differentiate from
aplastic anemia or hypocellular AML.65 A bone marrow
biopsy can also help assess the degree of fibrosis, as in
50% of MDS cases some degree of fibrosis may be seen
on reticulin stains.66,67 Dysmegakaryocytes may be eas-
ier to identify on a bone marrow biopsy. Finally, identi-
fication of abnormal localization of immature precur-
sors (ALIP) may carry a poor prognosis. ALIP are defined
as the presence of three or more foci of immature cells—
myeloblasts or promyelocytes—displaced from the
paratrabecular area to the intertrabecular areas.68

Cytochemical and immunocytochemical stains
could be an adjunct in the diagnosis of MDS in identify-
ing its subtypes. Peroxidase and Sudan Black stains are
helpful in distinguishing the myeloid origin of the
blasts, though peroxidase can decrease over the course of
MDS.69 Esterase and double esterase stain can help dis-
tinguish dysplastic granulocytes from early mono-
cytes.70 Staining megakaryocytes for GP IIb/IIIa using
alkaline phosphatase anti-alkaline phosphatase (APAAP)

can help distinguish small dysplastic megakaryocytes
that could be mistaken for lymphocytes.71 Flow cytome-
try can detect immunophenotypic abnormalities in
cases when combined morphology and cytogenetics are
nondiagnostic.72 Immunophenotypic myeloid dysplasia
features include hypogranular neutrophils based on
orthogonal scatter, CD64 negativity, and low CD11b,
CD16, and CD13 expression. Erythroid immunopheno-
typic dysplasia includes decreased CD71 (transferrin
receptor) expression on glycophorin A� precursors.
Megakaryocytic lineage dysplasia is, however, difficult to
recognize currently immunophenotypically. 

SUMMARY

The myelodysplastic syndromes are heterogeneous
clonal stem cell disorders characterized by dysplastic
pathological features, clinical peripheral cytopenias,
and a tendency to progress to AML. 

The pathogenesis of MDS includes clonal gene func-
tion alterations due to single-gene alteration, chromo-
somal abnormalities or epigenetic phenomenon.
Apoptosis can explain the paradoxical observation of
peripheral cytopenias and normo- or hypercellular
bone marrow. Different mechanisms, such as abnor-
mal cytokines production and intrinsic clonal suscep-
tibility lead to excessive apoptosis. Alterations in the
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Percentage of 
Category MDS cases Peripheral blood Bone marrow

Refractory anemia 5–10% Anemia Erythroid dysplasia
(RA) �1% blasts � 10 % myeloid or megakaryocytic dysplasia

� 1 � 109 monocytes � 5% blasts
� 15% sideroblasts 

Refractory anemia 10–15% Anemia Erythroid dysplasia
with ring sideroblasts � 1% blasts � 10 % myeloid or megakaryocytic dysplasia
(RARS) � 1�109 monocytes � 5% blasts

� 15% sideroblasts

Refractory cytopenia 24% Bi-or  pancytopenia Dysplasia in > 10% of the cells in two or 
with multilineage dysplasia � 1% blasts more cell lines
(RCMD) � 1 � 109 monocytes � 5% blasts in BM

� 15% sideroblasts

Refractory anemia with 15% Bi-or  pancytopenia Dysplasia in � 10% of the cells in two or
multilineage dysplasia � 1% blasts more cell lines
and ring sideroblasts � 1 � 109 monocytes � 5% blasts in BM
(RCMD-RS) � 15% sideroblasts

Refractory anemia with 40% Cytopenia Uni or multilineage dysplasia
excess blasts type I and II Type I: 1–5% blasts Type I 5–9% blasts
(RAEB-1 & RAEB II) Type II: 6–19% blasts Type II 10–19% blasts

5q syndrome ? Normal or elevated Normal or increased megakaryocytes
platelets � 5% blasts
� 5% blasts

MDS unclassified ? Cytopenia Unilineage dyplasia of myeloid
( MDS-U) � 1% blasts or megakaryocytic line

� 5% blasts

Table 38.3 The WHO classification of MDS and required criteria for diagnosis
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immune system and bone marrow microenvironment
clearly contribute to the development of MDS. 

Pathologically, dysplasia is the hallmark of the dis-
ease. A careful pathological exam of the peripheral
blood and bone marrow aspirate, and biopsy is neces-
sary for diagnosis and better classification. MDS
remains a diagnosis of exclusion. Cytogenetic testing
using conventional analysis as well as molecular meth-
ods, such as fluorescence in-situ hybridization should
be done when feasible. The clinician should use the
information from pathologic examination and cytoge-

netic testing to better classify the disease, predict the
prognosis, and hopefully tailor the treatment.

In the future, we will continue to explore the mole-
cular biology and different pathogenetic aspects of the
disease to develop a better understanding and to trans-
late the basic science findings into targeted therapies.
The new WHO classification may allow us to classify
the disease into more homogenous classes, to develop
treatments for those subtypes, and to continue refining
the classification, as we understand the biology and
behavior of the disease. 
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ular), and a myeloblast with Auer rods; (b) dysplastic erythroid precursors, bi-nucleated erythroid precursor, and a myeloblast;
(c) mononuclear and micromegakaryocytes; (d) Prussian blue stain of the bone marrow showing a ring sideroblast
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39Chapter 39
CLINICAL FEATURES AND 
MAKING THE DIAGNOSIS OF 
MYELODYSPLASTIC SYNDROMES
Lewis R. Silverman

CLINICAL FEATURES

PHYSICAL: SIGNS, SYMPTOMS, AND EXAM
Although the myelodysplastic syndromes (MDS) have
occasionally been described in children and adoles-
cents, they are primarily encountered in adults in their
sixth decade or older.1,2 In most reports, the median
age is over 65 and there appears to be a male predomi-
nance.2,3 The clinical and laboratory presentation,
although nonspecific in most patients, is dominated
by and often reflects the fact that MDS derives from a
defect involving a multipotent hematopoietic stem
cell affecting one or more cell lineages. 

Symptoms relate primarily to the peripheral blood
cytopenias, with those attributable to anemia being most
common. These may produce signs and symptoms on
their own, or exacerbate those attributable to other pre-
existing comorbid conditions. Most patients present for
medical evaluation because of complaints relating to
these symptoms. These include weakness, fatigue, dysp-
nea, poor exercise tolerance, angina pectoris, pallor, and
signs of cardiac failure relating to the degree of anemia.
Signs and symptoms in association with neutropenia
and thrombocytopenia are encountered less frequently.
These include bacterial infections involving the lungs,
kidneys, bladder, and skin; easy bruising, ecchymosis,
petechiae, epistaxis, gingival bleeding, and hematuria.
Patients with severe thrombocytopenia (i.e., platelets
�20 � 109/L) may manifest life threatening gastrointesti-
nal, pulmonary, gynecologic, or neurologic hemorrhage. 

Physical findings are also nonspecific. The exam
will often reveal signs relating to the underlying
cytopenias. Hepatic and/or splenic enlargement are
reported in 10–40% of patients and are most com-
monly found in chronic myelomonocytic leukemia
(CMML). Lymphadenopathy and skin infiltration are
uncommon,4–9 although the appearance of leukemia
cutis in patients with MDS may herald the transformation
to acute leukemia by weeks or months. Identification of
leukemia cutis may also signal the development of a more

aggressive clinical course, and in one study appeared to be
associated with a poor prognosis.10 Similar to patients
with AML, patients with MDS develop Sweet’s syndrome
(neutrophilic dermatosis).11,12 Other skin findings include
vasculitis and pyoderma gangrenosum.12,13

LABORATORY

Hematologic laboratory findings demonstrate periph-
eral blood cytopenias in one or more cell lines associ-
ated with dysmorphic features. These reflect dysmatura-
tion of one or one or more of the cell lines and are
detailed in Table 39.1. These maturational defects may
be identified not only in the lines with diminished pro-
duction but may also be seen in the lines where bone
marrow production is still conserved. The bone marrow
is most often hypercellular and features morphologic
abnormalities involving one, two, or all of the cell lin-
eages (Table 39.1 and Figures 39.1 and 39.2). The dys-
morphic features are critical to establish the diagnosis,
and both the French–American–British (FAB) and World
Health Organization (WHO) classification systems are
based primarily on these findings (see Chapter 38). A
diagnosis without maturational abnormalities in at
least one cell line would be difficult to support. 

Histologic examination of bone marrow trephine
biopsies by Tricot and colleagues have pointed to
abnormalities of the microenvironment.14 They noted
the presence of clusters of immature precursor cells in
the central intertrabecular region of the marrow,
rather than along the endosteal surfaces. They cited
this as evidence of abnormal localization of immature
precursors (ALIP).14,15 ALIP was detected even before
bone marrow smears revealed an excess of blasts. In a
series of 40 patients, the presence of ALIP correlated
significantly with shortened survival and was associ-
ated with an increased risk of transformation to AML.
These findings were independent of the FAB subtype
and were detected even in patients with refractory 
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Table 39.1 Morphologic and functional cellular abnormalities

Erythrocytes
Morphology

Anisocytosis
Poilkilocytosis
Oval macrocytes
Microcytes
Basophilic stippling
Howell–Jolly bodies
Circulating nucleated red cells
Ringed sideroblasts
Increased stainable iron
Megaloblastoid maturation*
Multinucleated precursors*
Nuclear fragmentation*
Nuclear budding*
Karryohexis*
Defective hemoglobinization*

Leukocytes
Morphology

Pseudo Pelger-Huet Cells
Monocytosis
Defective granule formation (hypogranulation)
Megaloblastoid maturation
Auer rods
Abnormal chromatin clumping
Abnormal nuclear bridging
Increased myeloblasts

Megakaryocytes
Morphology

Circulating megakaryocyte fragments
Giant platelets
Micromegakaryocytes*
Hypolobulated nuclei*
Hyperlobulated nuclei*
Large mononulcear forms*

Erythrocytes
Function

Decrease or loss of blood group antigens
Increased fetal hemoglobin
Aberrant globin chain synthesis
Disordered ferrokinetics

CMML, Chronic myelomonocytic leukemia 
*Bone marrow findings

Enzymes
Increased hexokinase
decreased pyruvate kinase
decreased 2,3 diphophoglycerate mutase
decreased phosphofructokinase
increased adenosine deaminase
increased pyruvate kinase

Leukocytes
Function

Increased leukocyte alkaline phosphatase
Decreased myeloperoxidase
Increased muramidase (CMML)
Loss of granule membrane glycoproteins
Inappropriate surface antigens
Decreased adhesion
Defective chemotaxis
Deficient phagocytosis
Impaired bacteriocidal activity

Megakaryocytes
Function

Defective platelet aggregation
Deficiency in thromboxane A2
Bernard–Soulier-like defect

Immune Deficiencies
Decreased T-cell IL-2 receptors
Decreased IL-2 production
Decreased NK activity
Decreased NK response to gamma inteferon
Decreased gamma interferon production
Decreased response to mitogens
Decreased T4 cells
Immunoglobulin abnormalities
Autoanibodies
Autoimmune phenomenon
Impaired self-recognition

Figure 39.1 Bone marrow smear with marked erythrodys-
poiesis and binucleared erythroid progenitors

Figure 39.2 Bone marrow smear with increased
myeloblasts



anemia. Care must be applied to differentiate true ALIP
from pseudo-ALIP. In the latter case, the clusters of
cells are either of erythroid or megakaryocytic origin
and do not convey the same prognostic information
compared to the former, where the immature cells are
of myeloid origin. The determination of the immature
precursor phenotype by immunohistochemical meth-
ods may be helpful in distinguishing pseudo and true
ALIP, and thus permit identification of specific MDS
subgroups with a poor prognosis.16 ALIP is not, how-
ever, specific to patients with MDS, and therefore not
useful as a diagnostic tool.16

Functional abnormalities can occur in all three cell
lines and range in severity from minor laboratory
defects to those impairments associated with major
clinical manifestations. These functional defects may
exacerbate underlying existing cytopenias (i.e., ane-
mia, neutropenia, and thrombocytopenia) or may pro-
duce a functionally deficient state even when periph-
eral blood counts remain in the normal range. Thus,
patients with normal neutrophil counts may still expe-
rience recurrent bacterial infections reflecting func-
tional neutropenia. Erythroid enzyme defects, aberrant
expression of red cell surface antigens, and abnormali-
ties of hemoglobin production and iron metabolism
have all been described. Some of the changes in
enzyme activity, such as those that occur with pyruvate
kinase, may affect red cell survival.17,18 Impaired activ-
ity of A and H transferase and galactosyltransferase has
resulted in changes in blood types.19,20 Hemoglobin
production is affected with increased fetal hemoglo-
bin, aberrant globin chain synthesis, and disordered
ferrokinetics.21,22 Acquired alpha-thalassemia has been
described secondary to a deletion of the alpha-globin
chain cluster or an inactivating mutation of the tran-
scriptional factor ATRX, resulting in down-regulation
of the alpha-globin chain synthesis.23

The myeloid series often reveals leukopenia with
immature forms and increased numbers of large
unstained cells. Neutropenia is more commonly found
in patients with refractory anemia with excess blasts
(RAEB) and RAEB-T than in patients with refractory
anemia (RA) and refractory anemia with ringed sider-
oblasts (RARS).8 Leukocytosis most often accompanies
CMML, and by definition requires an absolute mono-
cytosis (�1 � 109/L) for diagnosis. Monocytosis may,
however, also be present in the other MDS subtypes.8

Cytoplasmic abnormalities result in cells with hypogran-
ule or defective granule formation, Auer rods, or abnor-
mal azurophilic granules. Histocytochemical studies
reveal cells with increased or decreased levels of leuko-
cyte alkaline phosphatase, decreased myeloperoxidase
staining, and loss of granule membrane glycopro-
teins.24–28 Surface antigen analysis has shown loss of
lineage-specific antigens, with persistent or increased
expression of inappropriate antigens and lineage infi-
delity.29–32 In some instances, the abnormal persistence
of antigens or an increased proportion of cells express-
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ing those antigens was associated with an increased
risk of leukemic transformation and shortened sur-
vival. Abnormal expression of an activated surface
phenotype on monocytes has been demonstrated in
patients within all FAB subtypes, while expression of
activated surface antigens on granulocytes was almost
exclusively seen in patients with excess blasts.33

Impaired granulocyte function includes impaired res-
piratory burst, deficit in chemotaxis and superoxide
release, as well as a defect in neutrophil stimulation
signaling.33,34 Nuclear abnormalities such as pseudo
Pelger-Huet cells and functional abnormalities are fur-
ther outlined in Table 39.1.35

Megakaryocytes can be decreased and their mor-
phology is often bizarre (Table 39.1). Patients with
RAEB and RAEB-T more commonly have thrombocy-
topenia, decreased megakaryocytes, and greater degrees
of dysmegakaryopoiesis.8 Megakaryocyte fragments
and giant thrombocytes may circulate in the periph-
eral blood. Hemorrhagic symptoms in these patients
may be due to thrombocytopenia and functionally
defective platelets. Dysfunction can result from defec-
tive platelet aggregation, deficiencies in thromboxane
A2 activity, or the development of a Bernard–Soulier-
type platelet defect. This latter defect has developed
from a deficiency in the membrane glycoprotein GP
1b-IX complex.36,37

A small percentage of patients present with
hypoplastic bone marrows and cytopenias which mor-
phologically may be difficult to distinguish from aplas-
tic anemia.38 Cytogenetic analysis with or without
interphase FISH may be helpful in establishing a diag-
nosis.

The relationship of MDS to abnormalities of the
immune system is of particular interest given the broad
range of abnormalities described. There is a decrease in
the number of T-cell interleukin-2 (IL-2) receptors, as
well as IL-2 production. The latter is due in part to a
failure of immunoregulatory B cells.39 Natural Killer
(NK) cell activity and responsiveness to alpha-inter-
feron is decreased, as is alpha-interferon production,
while total numbers of NK cells are variable.39 There are
decreases in the number of T cells, responsiveness to
mitogenic stimulation, the total number of cells, and
the T4/T8 ratio.31,40,41 The latter is due predominantly
to a decrease in T4 cells. Overexpression of HLA-DR15
may occur in some patients, and may be a useful pre-
dictive factor for response to immunotherapeutic inter-
ventions.42

Immunoglobulin abnormalities manifest as autoan-
tibodies or a positive direct Coombs’ test.43,44 The rela-
tionship of the disease to the immune abnormalities is
poorly understood. A general dysregulation of the
immune system is prevalent in many patients. Many
patients will present with evidence of associated
autoimmune disorders.13 This may include polyserosi-
tis with frank, nonspecific inflammatory pericarditis
and pleuritis with significant effusions,13 or it may be



associated with other autoimmune diseases, such as
Crohn’s and Behcet’s disease.45,46 Additional autoim-
mune mediated conditions associated with MDS
include relapsing polychondritis, arthritis, polyneu-
ropathy, hemolytic anemia, and immune thrombocy-
topenia. Recent reports have also described glomeru-
lonephritis and nephrotic syndrome.47,48 In some
cases, increased serum lyzozyme (muramidase) in
patients with CMML may be the inciting nephrotoxic
agent. Although the pathophysiologic relationship of
these autoimmune phenomenas and MDS is uncer-
tain, it appears that the prognostic factors relating to
MDS are the primary determinants for outcome, rather
than the autoimmune disease.49 Consistent with this is
the finding of altered antibody repertoires of self-
reactive IgM and IgG in MDS patients, indicating a dis-
turbance in self-recognition mechanisms.50 Whether
some abnormalities relate in part to the number of red
cell transfusions, or whether they are reversible with
effective treatment, is unknown. Given the nature of
the defect in a multipotent stem cell with the potential
to differentiate along multiple pathways,51 the dysreg-
ulation of T and B cells is not  surprising. A report of 20
patients with nontherapy-related MDS and concurrent
lymphoid or plasmacytic malignant neoplasms pro-
vides further evidence to the multipotency of the stem
cell affected, and to the derivative generalized immune
dysregulation.8,43

ESTABLISHING A DIAGNOSIS

The diagnosis of MDS in most patients is readily estab-
lished with standardized testing, which should include
history and physical examination, complete blood
count, and review of the peripheral blood smear. The
findings of cytopenias in the absence of explanation
from biochemical, vitamin deficiency, hemorrhage,
toxin/drug, or infectious etiology should lead to a bone
marrow aspirate and biopsy with routine cytogenetic
evaluation. The diagnosis of MDS is based primarily on
morphologic criteria demonstrating dysmorphic fea-
tures in the peripheral blood and bone marrow precur-
sors (described above and Table 39.1). Although some
of the classification systems include cytogenetic infor-
mation (IE:WHO), they are based primarily on bone
marrow and peripheral blood morphology. A diagno-
sis of MDS cannot be definitively established without
examination of a bone marrow aspirate. Peripheral
blood smears may be suggestive, but not conclusive.
Some in the hematologic community believe a bone
marrow smear alone is adequate for diagnosis. In
some instances a smear is sufficient, however, a bone
marrow biopsy provides complimentary information
on cellularity, infiltrative disease, megakaryocyte mor-
phology, and fibrosis that is often important in com-
pleting the evaluation and is informative for thera-

peutic decisions. Analysis of the marrow population,
using flow cytometric analysis has become standard
for the diagnosis and subtyping in patients with acute
leukemia. It is more routinely being applied to estab-
lish a diagnosis of MDS, as well. Abnormal popula-
tions and skewed antigen expression can be identi-
fied.52–58 However, comparative studies of bone
marrow morphology and flow cytometry results have
not been conducted, and thus one cannot be certain if
used alone whether flow cytometry results can reli-
ably establish a diagnosis and classification of MDS.
Accurate classification according to FAB or WHO cri-
teria must be based, at least in part, on bone marrow
morphology. Thus, flow cytometry should be viewed
as a complementary examination, but not sufficient
to establish the diagnosis and classification. 

DIAGNOSTIC DILEMMAS

Certain patients with MDS may present with unusual
or uncharacteristic features and represent a diagnostic
challenge. These cases usually represent a small but
difficult subset of patients in which to confidently
establish the diagnosis. Patients may present with iso-
lated thrombocytopenia that may antedate the diag-
nosis of MDS by months or years.59 The bone marrow
may reveal increased megakaryocytes, and an
antiplatelet antibody may be identified in the serum.
However, as noted above, this may be seen in conjunc-
tion with MDS, and may not represent a true case of
immune thrombocytopenic purpura (ITP). Often,
treatments typically used for ITP are ineffective. In
these patients, careful examination of peripheral
blood and bone marrow morphology may reveal the
correct diagnosis. As in other patients in whom estab-
lishment of a diagnosis may be problematic, cytoge-
netic analysis may be helpful in leading to the correct
diagnosis of MDS. Finding a cytogenetic abnormality
frequently associated with MDS can often lead to the
appropriate diagnosis. This applies both to these
patients and to others described below. 

Some patients with MDS present with features also
suggestive of a myeloproliferative disorder (MPD), rep-
resenting an “overlap syndrome.”60,61 In these patients,
cytopenias may present simultaneously with elevated
white blood cell or platelet counts. In some patients, an
increased leukocyte count may be accompanied by a
monocytosis. Under current classification systems,
some of these patients will be clearly defined as having
an MPD, while others are still categorized as having
MDS depending on the upper limit of the WBC count
permitted in the classification system (see Chapter 38).
Others may have myelofibrosis with or without marked
splenomegaly and peripheral blood cytopenias,59,61–63

yet also have dysplastic features suggesting MDS. These
patients are more difficult to classify. Those with

Part II ■ MYELODYSPLASTIC SYNDROMES AND MYELOPROLIFERATIVE DISEASES380



Chapter 39 ■ Clinical Features and Making the Diagnosis of Myelodysplastic Syndromes 381

myelofibrosis with markedly enlarged spleens and a
leukoerythroblastic peripheral smear are more likely to
have classical myelofibrosis with myeloid metaplasia,
while patients without significant splenomegaly
and/or the peripheral leukoerythroblastic picture may
be considered to have primary MDS with fibrosis. 

The hypoplastic MDS variant is often indistinguish-
able from aplastic anemia, and may have many features
in common.53,64–67 Those patients with increased expres-
sion of HLA-DR15 and the paroxysmal nocturnal hemo-
globinuria (PNH) phenotype (decreased expression of
CD59), whether having MDS or aplastic anemia, may
respond to immunomodulatory treatments. Cytogenetic
abnormalities, if present, involving chromosomes fre-
quently abnormal in MDS may suggest the diagnosis of
MDS, but does not completely exclude aplastic anemia.68

Finally, there are patients who present with severe
pancytopenia and bone marrow findings that are
nondiagnostic (i.e., minimal if any dysmorphic
changes, no increase in myeloblasts) and without any
cytogenetic abnormalities. Some of these patients

may have MDS and only with continued observation
and testing will a diagnosis be unequivocally estab-
lished. Others may have been exposed to a bone mar-
row insult (toxin, infectious agent, etc.), which may
never be identified, but which may permit eventual
complete or partial marrow recovery over months or
years. In these latter individuals, in the absence of
clear diagnostic evidence, patience, continued obser-
vation, and supportive care may be the best approach
pending a declarative diagnosis. One other considera-
tion for these patients would be an immune-medi-
ated injury to hematopoietic stem cells. The differen-
tial in these patients includes large granular
lymphocytic leukemia, where T-cell receptor and
immunoglobulin gene rearrangement studies may be
informative.69

Thus, MDS represents a disease with protean clinical
and laboratory features. In the majority, with the appro-
priate evaluation, a diagnosis can be readily established,
permitting accurate classification and appropriate ther-
apeutic decisions. 
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INTRODUCTION

Developing a standard treatment algorithm for patients
with myelodysplastic syndrome (MDS) is difficult, due
to the tremendous heterogeneity of the disease and the
limited, variably toxic available therapies. In this chap-
ter, we attempt to place into context the currently avail-
able treatment options for patients with MDS, focusing
on supportive care and low-intensity therapies. In our
summary, we propose a treatment approach to MDS,
based on specific clinical presentations.

MDS patients can be classified according to the
French–American–British (FAB) classification system,1

the World Health Organization classification system,2

and most recently, the International Prognostic
Scoring System (IPSS)3, which integrate a variety of
clinical features. These systems do not take into
account the biological basis of this set of diseases,
which remain ill-defined. The development of targeted
therapies for leukemia and related diseases is depen-
dent on identifying genetic lesions that are critical for
the growth of the malignant cell or for monoclonal
antibody-based therapy, and on identifying cell sur-
face markers that are abundantly expressed on the tar-
get cell. No such critical genetic lesions or cell surface
markers have been identified for the vast majority of
MDS patients; their identification has been hampered
by the lack of an animal model of MDS and by diffi-
culties in isolating “MDS-initiating cells” in the labo-
ratory. Thus, other than the use of imatinib for rare
chronic myelomonocytic leukemia (CMML) patients
with t(5;12), i.e., TEL-PDGFR�-positive CMML, tar-
geted therapies cannot yet be applied to MDS. 

The few recurrent genetic abnormalities identified
in MDS patients, such as point mutations in the AML1
gene, the t(3;5) that generates the NPM-MLF1 fusion
protein, or the t(3;21) (which generates an AML1-EVI-1
fusion), are infrequent. While del(5q), del(7q), del
(20q), and trisomy 8 are the most frequent cytogenetic

abnormalities found in MDS, the gene(s) affected by
these abnormalities have still not been determined.
Given the absence of identified genetic abnormalities
in MDS hematopoietic cells and the heterogeneity of
the disease, studies have also focused on defining the
bone marrow milieu that supports or sustains the
MDS process. Overactive macrophage function (with
increased cytokine secretion), changes in microvessel
density, and abnormalities in the maintenance of
telomeres have been observed in some MDS patients.
Immunologic abnormalities have also been identified
in patients with MDS, and these abnormalities (espe-
cially those also found in aplastic anemia (AA)
patients) have provided the rationale for the testing of
immunomodulatory treatments.

Recent discoveries, such as the lack of circulating
natural killer T cells in these patients, may provide
additional therapeutic options in the future, although
some cellular abnormalities may simply represent
“down-stream” effects of the impaired hematopoiesis
found in MDS, and may not provide insight into new
therapies. Similarly, the excess production of inhibitory
cytokines by macrophages (and other bone marrow
cells) that can suppress hematopoiesis has led to test-
ing of a variety of forms of anticytokine therapy.
Though thus far largely unsuccessful, such approaches
may be used more effectively in the future. A thorough
discussion of the novel therapies being applied to sub-
sets of MDS patients will be covered in Chapter X. 

SUPPORTIVE CARE

Many patients with MDS require close monitoring only
during the early phase of their disease. However, once
patients become symptomatic from cytopenias, the
timely use of supportive care measures can impact sig-
nificantly on their quality of life (QOL). Supportive
care measures generally consist of packed red blood cell
(PRBC) transfusions to treat or prevent the symptoms

385

40Chapter 40
TREATMENT APPROACH TO
EARLY MYELODYSPLASTIC 
SYNDROMES
Virginia M. Klimek and Stephen D. Nimer

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



Part II ■ MYELODYSPLASTIC SYNDROMES AND MYELOPROLIFERATIVE DISEASES386

Chronic PRBC transfusion therapy can result in
iron overload, and prevention of hemochromatosis
should be considered in patients with stable disease.
Liver biopsy is the gold standard for assessing iron
overload, but it may not be feasible in some patients
because of thrombocytopenia or other medical con-
cerns. Superconducting quantum interference device
imaging can quantitate hepatic iron deposition, but
this technology is available at few sites throughout the
world. MRI of the liver or heart can be used to docu-
ment iron overload,6 and despite its limitations, serial
serum ferritin levels can also be used to estimate sys-
temic iron burden. Patients with chronically elevated
ferritin levels (1500–2500 ng/mL or greater), and those
who have received 25–50 units of PRBCs, should be
considered for iron chelation therapy with subcuta-
neous desferrioxamine.7,8 Unfortunately, because of
the cost, discomfort, and time involved in its adminis-
tration, desferrioxamine therapy is frequently refused
or administered irregularly by MDS patients. Oral
chelating agents are being evaluated in Europe
(deferiprone) and in the United States (ICL670), pri-
marily in patients with thalassemia. If shown to be
effective and safe in MDS, oral chelating agents may be
used with or instead of desferrioxamine in the future.

Other risks of transfusion therapy include acute
transfusion reactions, alloimmunization, transfusion-
associated graft-versus-host disease, and rarely, the
transmission of infectious diseases, such as HIV,
hepatitis viruses, or even more rarely West Nile
virus.9,10 These risks, as well as iron overload, can be
lessened with the judicious use of transfusions.
Irradiated blood products should be used for patients
with MDS undergoing intensive therapy or ablative
transplant conditioning to prevent transfusion-associ-
ated graft-versus-host disease. Furthermore, leukocyte
depletion of RBC and platelet transfusions can reduce
the incidence of human leukocyte antigen (HLA)
alloimmunization, transmission of viral infections,
and transfusion reactions.

LOW-INTENSITY THERAPY

Low-intensity therapies include hematopoietic growth
factors (such as recombinant erythropoietin),
immunosuppressive therapy (IST), hypomethylating
agents (5-azacytadine and decitabine, though only in
specific subsets of early MDS patients), and antiangio-
genic/immunomodulatory agents (such as thalido-
mide or lenalidomide). They may be administered as
standard care, when appropriate, or in the context of a
clinical trial. For patients with IPSS low or intermedi-
ate-1 risk disease, these treatments may be used before
or concomitant with supportive care measures, or
when supportive care measures are no longer effective
or interfere significantly with a patient’s QOL (e.g., due
to frequent transfusions, infections). Low-intensity

and physiologic consequences of anemia, antibiotics to
treat or prevent infection, and platelet transfusions to
prevent or treat bleeding. 

The “optimal” hemoglobin concentration for ane-
mic, transfusion-dependent MDS patients has never
been defined. Nonetheless, a commonly used thresh-
old for PRBC transfusions has been a hemoglobin
level of less than 8.0 g/dL. This may be too low for
many patients, as studies in patients with cancer and
chemotherapy-induced anemia suggest that a hemo-
globin level of 11.0–12.0 g/dL may provide optimal
symptom relief.4 During the routine care of MDS
patients, this level may be difficult to achieve or main-
tain because of the frequency and amount of blood
required and the poorer response of MDS bone mar-
row to erythropoietic agents. Therefore, the threshold
for individual MDS patients will vary depending on
the patient’s age, conditioning, level of activity, and
the presence or absence of cardiopulmonary disease.
QOL studies should aid in defining the benefit of
maintaining higher hemoglobin levels in MDS
patients.

Platelet transfusions are used to prevent or treat
bleeding due to severe thrombocytopenia or platelet
dysfunction. Assuming normal platelet function, pro-
phylactic transfusions are generally reserved for patients
with a platelet count of �10,000/	L. Patients with evi-
dence of significant platelet dysfunction should be eval-
uated on a case-by-case basis. Otherwise, thrombocy-
topenic MDS patients who are not bleeding can be
observed if they have no other risk factors for signifi-
cant bleeding. For patients undergoing active therapy
for MDS, it may be desirable to maintain a platelet
count of �20,000/	L during periods of reversible, treat-
ment-related myelosuppression. A diagnosis of immune-
mediated thrombocytopenia (ITP) should be considered
in thrombocytopenic patients, as ITP and other autoim-
mune phenomenas are associated with MDS.5 Potent
thrombopoietic agents, however, are not currently
available. Interleukin-11 has been tested in thrombocy-
topenic MDS patients, but its safety and efficacy has not
been established. A variety of thrombopoietin “mimics”
are currently being evaluated, with some activity being
seen in thrombocytopenic patients.

Supportive care for MDS patients includes manag-
ing infectious complications from neutropenia. Fever
or signs of infection should be assessed promptly in
neutropenic patients and treated with antibiotics.
During brief periods of neutropenia, antibiotic pro-
phylaxis may be appropriate. Granulocyte transfusions
may improve survival in patients with transient neu-
tropenia and severe bacterial or fungal infections that
are not responding to appropriate antibiotics.
However, their efficacy in patients with unremitting
neutropenia is not established. Other supportive care
measures include vaccinating MDS patients (and their
close contacts) against influenza, and considering the
use of pneumococcal vaccines. 



therapy may also be used for higher risk patients who
are elderly or have significant comorbid conditions
that prevent them from receiving higher intensity
therapies, or at times used in preparation for such
high-intensity treatment. 

GROWTH FACTORS
Following the Food and Drug Administration (FDA)
approval of recombinant human erythropoietin
(rHuEPO) therapy for treating anemia in hemodialysis
patients, rHuEPO was given to patients with anemia,
including those with MDS, in a variety of clinical trials.

These studies are summarized in Table 40.1. A meta-
analysis of 17 early, small studies in anemic MDS
patients revealed an overall erythroid response rate of
16%, generally at rHuEPO doses �150 U/kg three
times per week.11 Predictors for a response (a rise in
hemoglobin �2.0 g/dL or becoming PRBC transfusion
independent) included a low serum-erythropoietin
level, nontransfusion-dependent anemia, and a diag-
nosis of refractory anemia (RA) or refractory anemia
with excess blasts (RAEB). Patients with low erythropoi-
etin levels and few or no transfusion requirements had
a response rate �50%. High doses of erythropoietin are
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Table 40.1 Larger trials of rHuEPO (alone or with rHuG-CSF or rHuGM-CSF) to treat anemia in MDS patients

11 Phase II 205 16% ND ND EPO �200 U/L; no
Meta-analysis prior PRBC transfusions
EPO

(Rose, Abels Phase II EPO 115 28% ND ND RA; EPO �100 U/L
et al. 1995) (100 evaluable)

(Terpos, Phase II EPO 292 18% at 8% at 10% at EPO �150 U/L; IPSS
Mougiou (281 evaluable) 12 weeks 12 weeks 12 weeks good risk cytogenetics
et al.2002) 45% at 26 weeks 27% at 18% at

26 weeks 26 weeks

15 Phase III, EPO 87 37% 13% 24% RA; EPO �200 U/L; no
vs. Placebo (75 evaluable -38 (vs. 11%, P 
 0.007) (vs. 0%) (vs. 11%) prior PRBC transfusions

on EPO arm)

(Negrin, Stein Phase II, 55 48% 32% 16% Low EPO level
et al.1996) EPO � G-CSF

(Hellstrom- Phase II, 56 38% 21% 17% EPO level �500 U/Ll; 
Lindberg, EPO � G-CSF (47 evaluable) �2 u PRBC/mos.
Ahlgren et al.
1998)

(Remacha, Phase II, 32 50% 38% 13% Predicitive model
Arrizabalaga EPO � G-CSF (Hellstrom-Lindberg,
et al. 1999) Negrin et al. 1997)

(Mantovani, Phase II, 33 61% at 43% at 18% at Higher pre-tx HGB level
Lentini et al. EPO � G-CSF (28 evaluable at 12 weeks 12 weeks 12 weeks
2000) 12 weeks) 80% at �56% at �25% at 

26 weeks 36 weeks 36 weeks

(Hellstrom- Phase II, 63 42% 28% 13% Predicitive model
Lindberg, EPO � G-CSF (53 evaluable) (Hellstrom-Lindberg,
Gulbrandsen Negrin et al. 1997)
et al. 2003)

(Casadevall, EPO � G-CSF 60 42% vs. 0% 2/24; 8/24 8/24; 7/24 RA and RARS
Durieux vs. supp. care (24 evaluable (p 
 0.01)
et al. 2004) in treatment arm)

(Thompson, EPO � GM-CSF 45 9% ND ND EPO �500 U/L
Gilliland
et al. 2000)

Reference Trial design Number of Overall erythroid Erythroid response Response correlates
patients response rate

Major Minor

EPO, recombinant erythropoietin; G-CSF, recombinant granulocyte colony-stimulating factor; GM-CSF, recombinant granulocyte-macrophage
colony-stimulating factor; PRBC, packed red blood cell transfusions; RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts; Hgb,
hemoglobin (g/DL); ND, not determined.



needed to grow BFU-E and CFU-E from MDS bone
marrows,12 and inappropriately low serum-erythropoi-
etin levels are seen in only approximately one third of
patients with MDS13,14; perhaps these features account
for the low clinical response rates seen. In the only ran-
domized, placebo-controlled, phase III rHuEPO trial,
87 MDS patients with a Hgb �9.0 g/dL were treated
with rHuEPO at a dose of 150 U/kg/day for 8 weeks. An
overall response rate of 36.8% was detected.15 Patients
with RA or refractory anemia with ringed sideroblasts
(RARS) were the most responsive, and nontransfused
patients fared better than those that had been trans-
fused. Although rHuEPO can improve hematocrit lev-
els in relatively low-risk patients with low erythropoi-
etin levels and low transfusion requirements, its
impact on survival and QOL is not well characterized.
Also, most patients in these clinic trials received
rHuEPO three or more times per week. This frequent
self-injection schedule may be too cumbersome or
uncomfortable for most patients, and it is unknown
whether similar results can be achieved in a routine
outpatient setting. 

rHuEPO is well tolerated in patients with anemia,
and although some cases of pure red cell aplasia have
been associated with rHuEPO, these episodes appeared
to be related to packaging and storage problems with a
specific rHuEPO formulation (used primarily in
Europe) that may have increased the immunogenicity
of the drug.16 As transfusion therapy can be associated
with short-term and long-term complications, the use
of rHuEPO in responding anemic MDS patients has
major advantages over transfusion therapy. 

Granulocyte colony-stimulating factor (G-CSF) (and
Granulocyte-macrophage colony-stimulating factor
(GM-CSF) to a lesser extent) increase peripheral blood
neutrophil counts in MDS patients,17 but neither has
proven beneficial for long-term use. The lack of clini-
cal benefit for G-CSF was demonstrated in a random-
ized clinical trial, which showed that prophylactic 
G-CSF did not decrease the incidence of infections or
improve survival compared to standard supportive
care.18 A randomized trial of GM-CSF likewise showed
no significant benefit.19 Nonetheless, MDS patients
may benefit from the short-term use of G-CSF, particu-
larly during an infection-prone period (e.g., periopera-
tively), during the transient neutropenia which follows
induction chemotherapy, or in the setting of antibi-
otic-resistant infection. As G-CSF and GM-CSF can
rarely exacerbate thrombocytopenia,18,20 these agents
should be used with caution in severely thrombocy-
topenic patients.

In vivo and in vitro synergy on erythropoiesis has
been demonstsrated for rHuEPO and G-CSF. Erythroid
response rates of 38–50% have been reported when
these agents are combined21,22 and responses have
been lost and restored with the withdrawal and re-
initiation of G-CSF, supporting their synergism.23

Having RARS (where the response rate is 50%)21,23,24 or

low pretreatment erythropoietin levels (�500 U/L)
and PRBC transfusion dependence of less than 2 units/
month is predictive of an erythroid response to com-
bined rHuEPO/G-CSF.25 A randomized trial comparing
G-CSF plus rHuEPO to supportive care showed that
despite improvements in hematocrit and transfusion
requirements, QOL parameters did not significantly
improve, although the study showing this was likely
underpowered to detect QOL differences.26 No change
in survival has been reported with this treatment;
thus, its use should still be largely investigational.
Because of its toxicity and low response rate, the com-
bination of GM-CSF and rHuEPO is not recommended
for MDS patients.27

IMMUNOMODULATORY DRUGS
Both immunomodulatory therapy and IST have been
tried in patients with MDS. Thalidomide is an
immunomodulatory agent with numerous cytokine-
altering and antiangiogenic effects.28,29 On the basis of
its significant clinical activity in multiple myeloma,30

thalidomide has been given to MDS patients in
attempts to favorably modify the bone marrow
cytokine milieu and possibly impair angiogenesis.
Thalidomide appears to have mostly erythropoietic
activity in MDS, but it is not well tolerated. In one
phase II thalidomide study, 51 of 83 patients were able
to complete 12 weeks of thalidomide therapy, and 15
had an erythroid response31 using the International
Working Group response criteria. While 11 patients
(13%) had a major erythroid response (a hemoglobin
rise of �2 gm/dL or loss of transfusion dependence),
32 patients (38%) were removed from the study or
they withdrew their consent because of excessive toxi-
city, progression of disease, or other medical problems.
Similar results have been obtained in other trials of
thalidomide in MDS, as summarized in Table 40.2.
Although anemia may be significantly improved,
myelosuppression is often seen, and it is difficult to
predict who will respond to thalidomide. While a
North American phase III trial comparing thalidomide
to supportive care has been completed, its outcome
has not yet been reported.

Another “immunomodulatory” agent, CC-5013
(lenalidomide), appears to have greater erythropoietic
activity than does thalidomide in PRBC transfusion-
dependent MDS patients. A phase I/II clinical trial of
lenalidomide in MDS patients was presented at the
2003 American Society of Hematology Annual Meeting.
The 33 enrolled patients had primarily low-risk MDS
by IPSS score (88% were in the Low/Int-1 group) and
all had significant anemia (Hgb level �9g/dL or trans-
fusion dependent). The overall erythroid response rate
was 64%, with a 58% major erythroid response rate.32

Many patients had received, but had not responded to,
thalidomide or rHuEPO therapy. The median increase
in hemoglobin level was 4.4 g/dL in responding
patients, and the time to treatment failure was 19–71�
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weeks (median not reached). In addition, lenalido-
mide induced major cytogenetic responses, including
reversion to a normal karyotype in 10 patients.
Response rates were highest in the RA subtype (82%),
the IPSS Low/Int-1 risk groups (71%), in patients who
never received rHuEPO (100%), and in patients with
the 5q� cytogenetic abnormality (91% or 10/11
patients). Lenalidomide was well tolerated, with dose-
dependent myelosuppression (neutropenia, thrombo-
cytopenia) being the most common adverse event.
Results from two recently completed, mutlicenter
phase II trials, evaluating lenalidomide for 5q�-
patients and for non-5q� MDS patients, will likely be
reported in 2005. The apparent sensitivity of patients
with the 5q� cytogenetic anomaly to lenalidomide is
unexplained, as is the mechanism of action of
lenalidomide or thalidomide.

ATG AND CYCLOSPORINE
While ISTs, such as antithymocyte globulin (ATG) and
cyclosporine, have remarkably altered the clinical
course of patients with AA, these drugs have been of
limited benefit in MDS patients. While patients with
AA can be cured with IST, the response to IST in MDS
patients is neither curative nor sustained beyond a
year in most cases.33 In one study, 16 of 42 patients
with RA, RARS, or RAEB who were treated with 4 days

of ATG became transfusion independent. The highest
response rate was seen in RA patients (61%), whereas
none of the patients with RARS responded.34 Most
responding patients had hypocellular marrows, and
responses to ATG in both MDS and AA patients seems
to be associated with expression of the HLA DR15,35

even though patients with other HLA types also
respond. Predictive models can help determine which
factors in MDS patients are more likely to predict for
response to ATG therapy, such as having RA, normal
cytogenetics, pancytopenia, or a hypocellular bone mar-
row. Cyclosporine alone has also produced responses
in MDS patients.36,37

OTHER THERAPIES: AMIFOSTINE OR 
ARSENIC TRIOXIDE
Amifostine, an organic thiophosphate with antioxi-
dant activity, was evaluated in the mid to late 1990s
in MDS patients. Hematologic improvements were
seen in 84% (5/18 patients) in the first amifostine
trial,38 but this response rate could not be confirmed
in subsequent small phase II studies.39–41 In general,
responses were brief, and some responses were lost
by the time the subsequent cycle of amifostine was
due to be administered. Combinations of amifostine
with other agents have also shown only modest
activity.42
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Table 40.2 Phase II trials of thalidomide for the treatment of anemia in MDS

(Raza, Meyer 83 FAB-RA-36 100–400 19% 42%
et al. 2001) RARS-13 (n 
 15) (n 
 35)

RAEB-24
RAEBt-6
CMMoL-4

IPSS-Low-21
Int-1-37
Int-2-12
High-13

(Musto,Falcone 25 WHO-Ra-12 100–300 20% 40%
et al. 2002) RAEB-I-4 (n 
 5) (n 
 10)

RAEB-II-4
RARS-5

(Strupp, 34 FAB-R-16 100–500 56% 32%
Germing RARS-6 (n 
 19) (n 
 11)
et al. 2002) RAEB-4

RAEBt-5
CMMoL-3

IPSS-low-4
Inl-1-4
Int-2-9
High-7

Reference Number of MDS subtype Daily dose ITT erythroid Drop out rate
patients treated (mg) response rate (for toxicity,

POD, other)

IWG, international working group; IPSS, International Prognostic Scoring System; WHO, World Health Organization; CR, complete remission; PR, 
partial remission; ITT, intent to treat; POD, progression of disease; RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts; RAEB,
refractory anemia with excess blasts.



Arsenic trioxide, an FDA-approved treatment for
acute promyelocytic leukemia, has also shown modest
activity in MDS patients. Hematologic improvements
were seen in two small early clinical trials,43,44 and sev-
eral patients had major erythroid responses with loss
of transfusion dependence. Myelosuppression and
other toxicities were generally mild to moderate and
manageable, included grade 3 and 4 myelosuppres-
sion. In a study of arsenic trioxide and thalidomide,
trilineage hematologic responses were seen in 2/28
patients, both of whom carried the inv(3)(q21q26.2)
cytogenetic abnormality.45 As our knowledge grows,
the use of therapies without widespread efficacy in
specific subsets of MDS patients (such as those with
inv(3)(q21), if these results are confirmed by others)
may be useful.

DIFFERENTIATING AGENTS
The maturation block evident in patients with MDS
has provided a rationale for more than a decade of
treatments with “differentiation-inducing” agents.
However, none of the clinical trials with such agents
have provided clear evidence of a differentiating effect,
despite the demonstration of in vitro differentiation
effects on leukemia cell lines. The agents studied
include retinoids, vitamin D3 analogs, cytarabine (at
one time thought to induce differentiation at low
doses), phenylbutyrate, and hexamethylene bisac-
etamide. Overall, the results have been generally dis-
appointing.46 Low-dose cytarabine continues to be
used for some MDS patients, perhaps based on a ran-
domized study comparing low-dose cytarabine to sup-
portive care, in which a 35% hematologic response
was seen. However, in that study cytarabine did not
improve survival or delay progression to acute myelo-
cytic leukemia (AML).47 cis-Retinoic acid was also
shown to be no better than supportive care in another
randomized trial.48 A more recent trial reported hema-
tologic improvement in 11/19 patients with the newer
vitamin D3 analog, calcitriol.49

DEMETHYLATING AGENTS
DNA methylation is a normal mechanism of gene
expression regulation, and abnormal DNA methyla-
tion patterns that can interfere with the expression of
genes used for growth, differentiation, and survival are
seen in MDS. It has been known for some time that
hypomethylating drugs can promote in vitro cellular
differentiation,50 and that this occurs at doses much
lower than those needed for maximal cytotoxic effect.
The clinical trials using the DNA demethylating agents
5-azacytidine (azacitidine, Vidaza) and 5-aza-2’-deoxy-
cytidine began decades ago, prior to a full understand-
ing of their demethylating effects. As a result, they
were initially studied as cytidine analogs, using a clas-
sic phase I design to determine their maximally toler-
ated dose in leukemia patients. Subsequent trials in
MDS patients used lower, more tolerable doses, with

the goal of inducing differentiation and minimizing
toxicity, which manifested itself primarily as myelo-
suppression in the earlier, high-dose trials. 

Low-dose 5-azacytidine was first used to treat MDS
by the Cancer and Leukemia Group B (CALGB) in the
1980s. Small studies evaluated 5-azacytidine at a dose
of 75 mg/m2/day by either continuous intravenous
infusion or subcutaneous injection for 7 days each
month and found a 49% or 50% response rate, respec-
tively; both showed a complete remission (CR) rate of
12%.51,52 In a subsequent, multicenter, randomized,
phase III trial, 191 patients with MDS of all subtypes
were randomized to receive either 5-azacytidine given
subcutaneously at a dose of 75 mg/m2/day for 7 days
per month with supportive care, or supportive care
alone.53 Patients on the supportive care arm were per-
mitted to crossover to the 5-azacytidine arm after 
4 months for worsening disease or persistent severe
cytopenias. The overall response rate (CR � PR) on the
5-azacytidine arm was 23% (7% CR), with a median
response duration of 15 months and a median time on
treatment of 9.1 months. Hematologic improvement
was seen in 37% of the patients. Responses were seen
in all MDS subtypes, with a median time to best
response of 93 days. Moreover, the median time to
AML transformation or death was longer for patients
randomized to receive 5-azacytidine (21 months) than
those in the supportive care arm (12 months). A non-
significant difference in median survival was detected
(20 months vs. 14 months, p 
 0.10), but a 6-month
landmark analysis (to eliminate the confounding
effect of the 49 crossover patients) detected an improve-
ment in survival (18 months vs. 11 months, p 
 0.03).
Treatment with 5-azacytidine was also associated with
significant improvements in QOL parameters, includ-
ing fatigue, dyspnea, and psychological well-being.54

5-Azacytidine was approved by the FDA in May 2004
for all MDS subtypes based on this data, but treatment
for the RA or RARS patients was approved only for
those with moderate to severe neutropenia (ANC
�1000/	L), thrombocytopenia (� 50,000/	L), or trans-
fusion-dependent anemia.

The FDA approval of 5-azacytidine represents the
first agent approved for treating patients with MDSs.
The CALGB study of 5-azacytidine took many years to
complete and report, and a confirmatory phase III
study is underway comparing 5-azacytidine to several
conventional therapies (supportive care, low-dose
cytarabine, or intensive, AML-like therapies). The
recent approval of 5-azacytidine in the United States
suggests that this trial will primarily enroll patients in
Europe. As the IPSS was not devised when the first
phase III 5-azacytidine trial was started, this trial may
better define which MDS patients have the highest
likelihood of responding to 5-azacytidine. 

Three large phase II studies of low-dose 5-aza-2’-
deoxycitidine (decitabine) have been conducted in
Europe, and the results recently summarized. Of 169
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MDS patients treated with intravenous doses of 45–50
mg/m2/day for 3 days every 6 weeks (either 50
mg/m2/day by continuous i.v. infusion over 3 days, or
15 mg/m2 every 8 h for 3 days for a total of 9 doses),
20% had a CR, 10% had a partial remission (PR), and
the overall response rate was 49% (including hemato-
logic improvement).55 An early (after one cycle) and
often dramatic rise in the platelet count was fre-
quently seen, and was predictive of a subsequent tri-
lineage response.56 On the basis of these positive
results, a multicenter, phase III study was opened in
the United States and Canada, which  completed
accrual in 2003. A total of 160 patients were random-
ized to receive decitabine 15 mg/m2 every 8 h over 3
days (total 45 mg/m2/day) plus supportive care, or
supportive care alone, with no crossover allowed.
Data from this trial was reported at the 2004 annual
American Society of Hematology meeting with benefit
seen in the IPSS high-risk and Int-2 risk patients, but
not the Int-1 risk patients.57 Among the key questions
are whether decitabine and 5-azacytidine work
equally well in the same types of patients, or whether
some MDS patients would benefit more from one ver-
sus the other drug. In the absence of FDA approval of
decitabine, however, such questions are not yet clini-
cally relevant. An oral formulation of decitabine is in
preclinical trials, and new hypomethylating agents
(e.g., zebularine)58 may also make their way into clin-
ical trials. 

These agents appear to induce hypomethylation
by irreversibly binding and “trapping” DNA methyl-
transferases so that the next round of DNA replica-
tion produces a demethylated base at a site that was
previously methylated. Although it is clear that these

agents have clinical activity in MDS, demethylation
of specific genes (e.g., the CDK inhibitors p15, p16,
p21) has not been definitively correlated with clinical
responses. Therefore, the specific mechanism by
which hypomethylation induces responses in MDS
remains unclear. Identifying biological correlates of
clinical responses will help define the mechanism of
action of these agents, and will identify predictors 
of hematologic responses in this heterogeneous dis-
ease. A common side effect of low-dose decitabine
and 5-azacytidine is some degree of myelosuppres-
sion, which suggests that even at lower does, cytotox-
icity may be important for the clinical responses seen
in MDS. 

Future studies with the demethylating agents 5-aza-
cytidine and decitabine will hopefully improve our
understanding of how these drugs improve the cytope-
nias and bone marrow function in MDS. These agents
will also be combined with other therapies in an attempt
to improve the CR rate and duration, which may include
maintenance therapy. Attractive combinations include
the use of hypomethylating agents with other drugs that
also have an impact on gene regulation, such as all-trans
retinoic acid (ATRA), vitamin D analogs, or histone
deacetylase inhibitors such as SAHA, depsipeptide,
phenylbutyrate, or valproic acid. Mouse models are
finally being developed for MDS (e.g., see Ref. 4) and
they may prove useful for such preclinical studies.

NOVEL AGENTS AND COMBINATIONS
Improvements in our understanding of the pathobiol-
ogy of MDS will help to generate new therapeutic
approaches. As new agents are developed, some will
be appropriate for low-risk patients, and given the
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Table 40.3 Clinical trials of hypomethylating agents in MDS

51 II 43 5-aza 75 mg/m2 CR 12%
CI � 7 days PR/ HI 37%

52 II 67 5-aza 75 mg/m2 CR 12%
subcutaneous � 7 PR/ HI � 35%
days

53 III 191 5-aza CR 7% Median time to 
PR 16% AML or death:
HI 37% 21 months for

5-aza vs. 14 months
for SC (with crossover)

Wijermans I/II 29 DAC 120–150 mg/ CR 28% Median survival 
 46
et al Leukemia m2 C.I. PR/HI 26% weeks (actuar)
1997

Wijermans et al II 66 DAC CR 20%
JCO 2000 PR 4%

HI 24%

Reference Phase   Number  Dose Response Comments
of trial of patients rate

GR, complete remission, PR, partial remission.



paucity of available treatments for MDS, patients
should be referred for appropriate clinical trials when-
ever possible.Low-intensity therapies, such as histone
deacetylase inhibitors, farnesyl transferase inhibitors,
and tyrosine kinase inhibitors, are being tested in
advanced MDS and AML, but may be evaluated in
lower risk MDS as well. In Chapter X, such novel
approaches to treating MDS will be discussed in detail.

HIGH-INTENSITY THERAPY:
CHEMOTHERAPY OR STEM CELL 
TRANSPLANTATION

Intensive chemotherapy treatment for MDS has gen-
erally produced complete remission rates of 40–50%,
which is lower than the response rates seen in the
younger patients with de novo AML. Furthermore,
remission durations are generally brief (5–15 months),
and given the treatment-related mortality of �25–50%
and the time required to recover to baseline function
for survivors of such therapy, the use of AML-like ther-
apies has been limited. Although some patients have
achieved complete hematologic and cytogenetic
remissions, no survival benefit has yet been shown for
intensive chemotherapy. Several new combinations
have been studied for advanced MDS, which include
the topoisomerase I inhibitor topotecan.59,60 These
combinations are unlikely to produce a significant
improvement in survival unless followed by allo-
geneic stem cell transplants. In general, these treat-
ments should be reserved for higher risk patients
enrolled in clinical trials, given the uncertain risk–
benefit ratio.

Allogeneic stem cell transplant is the only poten-
tially curable treatment for MDS. Although it appears
that the associated short-term and long-term risks of
transplant are generally acceptable for high-risk MDS
patients, the optimal timing for transplanting patients

with low-risk disease is not established. Furthermore, it
is not clear how pretransplant therapies or the degree
of pretransplant cytoreduction impacts on the disease-
free survival of MDS patients. 

TREATMENT OPTIONS—OVERVIEW

The choice of therapy, and the decision to undergo
treatment, must be tailored to the individual patient.
In general, the factors that govern these decisions
include patient age, performance status, and medical
comorbidities, as well as the patient’s risk-aversion
profile and the severity of the disease at presentation.
MDSs are not curable without stem cell transplanta-
tion. However, the combination of advanced age and
limited donor availability renders the vast majority of
patients with MDS ineligible for such therapy. Intensive
antileukemic chemotherapy may alter the natural his-
tory of MDS in some patients, but candidates for this
therapy must be selected carefully to avoid excessive
risk in this aging, medically vulnerable population. 

Although supportive care remains a mainstay of
treatment for many patients with low-risk, largely
asymptomatic disease, the ability to impact the natural
history of this disease in symptomatic (and possibly
asymptomatic) patients now and in the future is excit-
ing. Given the current state of the field, and paucity of
curable options, patients with MDS should be treated
on clinical protocols, if at all possible. 

COMPREHENSIVE TREATMENT 
STRATEGY FOR MDS 

The clinical problems that MDS patients experience
can be broken down into three basic categories. While
anemia is the major problem for some patients, others
have potentially life-threatening neutropenia or throm-
bocytopenia. Patients in both categories may be at
high risk for developing AML. These scenarios are dis-
cussed below.

1. Anemia only: These patients often have relatively
good-risk disease, and are most suitable for low-
intensity approaches or supportive care alone.
rHuEPO should be tried for patients with sympto-
matic anemia; it works best in those with little or no
transfusion requirements and relatively low serum
erythropoietin levels. The doses required are higher
than those used to treat chemotherapy-associated
anemia. Patients with RARS, in particular, may ben-
efit from combining G-CSF with rHuEPO, as there
appears to be synergistic effects on erythropoiesis.
Lenalidomide has shown significant activity in
transfusion-dependent patients with a del(5q) cyto-
genetic abnormality, and also in those with a nor-
mal karyotype. Thalidomide has modest stimula-
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Table 40.4 Treatment strategy for patients with MDS

Three clinical issues to consider if predominant problem is

(1) anemia: Consider rHuEPO �/� G-CSF, 5-azacytidine, 
ATG, (ce-5013 if FDA-approved), or Thalidomide 
(in a clinical trial);

(2) severe neutropenia or thrombocytopenia: Consider stem 
cell transplantation early. Alternatively (or pretransplant), 
consider 5-azacytidine (or decitabine, if available), ATG, 
or AML-like regimens;

(3) points 1 or 2 and/or increased blasts (at risk for leukemic 
progression): Consider Stem cell transplant, 5-azacytidine 
(or possibly decitabine).

Considerations for stem cell transplant candidates: 
patients with fewest precent blasts do best; not known if 
pre-stem cell transplant treatment is of benefit.



tory activity on red blood cell production, but its
activity seems inferior to lenalidomide. 5-Azacytidine
has received FDA approval for RBC-transfusion-
dependent patients. Although it has greater side
effects than rHuEPO, its use may forestall the devel-
opment of iron overload and thus may benefit cer-
tain high-risk patient subsets. Heavily transfused
patients are appropriate candidates for investiga-
tional therapies and in rare instances, even stem cell
transplantation. The timing for such treatment
should be determined in consultation with a trans-
plant physician.

2. Neutropenia/thrombocytopenia: Patients with mild to
moderate, uncomplicated neutropenia and/or throm-
bocytopenia can often be observed; however, such
patients should be evaluated on an individual basis.
Patients with life-threatening neutropenia or throm-
bocytopenia warrant active treatment and not simply
supportive care (such as platelet transfusions and
antibiotics), even though some such patients may be
assigned to a “low-risk” IPSS subcategory. 5-
Azacytidine can induce trilineage responses and along
with decitabine (an investigational agent in phase III
testing) can induce rapid and impressive improve-
ments in peripheral blood counts. Patients with
severe cytopenias (even without an increase in bone
marrow (BM) blasts) should be considered for allo-
geneic stem cell transplantation before they have life-
threatening infectious or bleeding complications.
Whether patients with cytopenias and no increase in
BM blasts will have superior outcomes with reduced
intensity stem cell transplantation is not known, but
hopefully will be addressed in future clinical trials.
Patients with severe cytopenias who are not eligible
for a stem cell transplant should receive a series of

low- or high-intensity therapies (e.g., AML-like treat-
ment regimens) in clinical trials whenever possible.

3. Patients at great risk for progressing to AML: Patients
with increased BM blasts and/or poor risk cytogenet-
ics have a high likelihood of transforming to AML,
and AML arising in a patient with MDS has an
extremely poor prognosis. Thus, allogeneic stem cell
transplant should be considered for such poor prog-
nosis MDS patients as soon as possible. Many MDS
patients will not be suitable transplant candidates
based on their performance status, other complicat-
ing medical problems, age, or lack of a suitable
donor. Improvements in unrelated donor transplan-
tation may provide more hope for these patients in
the future. A major risk for these patients post-stem
cell transplant is disease relapse. Whether using 
5-azacytidine, or standard AML induction therapy, to
reduce the BM blast count prior to transplantation
will improve transplant outcomes, is not known. It is
a vitally important question to address. Patients who
are not eligible for a stem cell transplant should be
treated with 5-azacytidine, or with investigational
therapy in the setting of a clinical trial.
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INTRODUCTION

HISTORY
Dramatic disappearance of the marrow and profound
cytopenia seemingly occurring without prodromal
signs have stimulated the research of generations of
physicians and scientists since the initial descriptions
of aplastic anemia (AA) in the last decades of the nine-
teenth century. The almost inevitable fatal outcome of
severe AA made it a subject of research by renowned
hematologists. Later, its illustrative features allowed
insights into stem cell function, regulation of blood
cell production, and the role of immune system in the
regulation of hematopoiesis. Research into the causes
of AA has led to the description of cellular elements of
blood, and later to the introduction of stem cell trans-
plantation as a means of replacing a defective stem cell
compartment. Today, the longer survival of patients
with AA uncovers new instructive aspects of the dis-
ease and provides new therapeutic challenges. These
aspects include the evolution of clonal diseases, such a
myelodysplastic syndromes (MDS) and paroxysmal
nocturnal hemoglobinuria (PNH).

EPIDEMIOLOGY AND DEMOGRAPHICS
AA can occur at any age, but the peak incidence is in
early adulthood. It is not clear whether the often
described second peak in the sixth to seventh decades
of life may be a result of the diagnostic overlap of AA
and MDS that affects older individuals and can mimic
AA, especially if the marrow is hypocellular.1–3 The
incidence of AA in the United States and Europe is
comparable at around 4/106 individuals.4–6 In East
Asia, the incidence of AA appears to be significantly
higher, an early observation made by Dr Dameshek.
This endemic occurrence of AA in the Far East led to
many theories as to how this disease relates to PNH,
also more prevalent in this part of the world, and to
the search for geographically related epidemiologic
factors, such as endemic pathogens. The extensive epi-
demiologic studies performed in Thailand did not
yield specific clues, but disproved speculations as to

the role of hepatitis viruses in the etiology of classic
idiopathic AA.7 AA has been described in Africa and
India, where it may be also more prevalent than in the
West, but exact epidemiologic studies are not avail-
able. In the United States, AA does not appear to show
an ethnic predilection.

PATHOPHYSIOLOGY

STEM CELL FAILURE IN AA 
Direct and indirect stem cell injury
Iatrogenic bone marrow failure induced by chemo-
therapeutic drugs or radiation is perhaps the best
example of a direct injury to hematopoietic stem cells.
While stem cells, due to their dormant nature, may be
more resistant to certain cytotoxic drugs, clearly a
dose–response relationship with the degree of stem
cell damage can be established. Noniatrogenic direct
stem cell injury is less well characterized. If a putative
inciting agent directly destroys stem cells, causing a per-
manent depletion, the clinical presentation of cytope-
nia may be delayed, precluding recognition of the
causative agent. Regardless of the mechanism, direct
stem cell damage is most likely random and can
become obvious when certain critically low stem cell
numbers are reached. None of these viral agents has
been directly implicated in the pathogenesis of idio-
pathic AA. In the case of drugs and chemical agents
most notoriously implicated in the pathogenesis of
AA, the direct toxicity as a mechanism of injury is also
in question. However, the most compelling evidence
exists that the mechanisms of stem cell damage in AA
are indirectly mediated by the cells of the immune sys-
tem (see below).8–10

Quantitative defect
Theoretically, failed blood cell production in AA could
be attributed to a defect restricted to the progenitor cell
compartment and/or involve a stem cell. Low numbers
of hematopoietic progenitors, as measured by colony
assays or by flow cytometry, have been a consistent

397

41Chapter 41
APLASTIC ANEMIA AND 
STEM CELL FAILURE
Jaroslaw P. Maciejewski

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



finding in AA.11–16 Both the more committed as well as
the immature (CD34�c-kit� or CD34�CD38�) progeni-
tor cells are depleted.15 Hematopoietic progenitor cells
from AA show decreased sensitivity to trophic signals,13

and colony formation by AA bone marrow cells
remains unresponsive in vitro and in vivo, even to high
levels of circulating hematopoietic growth factors pre-
sent in most patients.17–19 Unlike in murine models,
measurement of more immature progenitor and stem
cells is not easily accomplished in humans. 

The hematopoietic recovery following successful
immunosuppression demonstrates that some stem cells
must be spared from the pathologic process. Serial stud-
ies were conducted to determine the numbers of stem
cells during the course of disease; a profound defect in
the numbers may persist for a long time upon
hematopoietic recovery, e.g., following successful
immunosuppression.20,21 In most patients, a residual
numeric defect may be permanent despite a full recovery
of the blood counts. Complete reconstitution of the
numbers may be found only in a minority of patients
who sustained a complete remission.20 Nevertheless, ser-
ial studies suggested that at least partial recovery of stem
cells is possible, and a highly depleted stem cell pool can
sustain seemingly normal blood cell counts (Figure 41.1).

Qualitative defect
In multiple studies stromal function has been found
to be unaffected in AA.22–24 The defect of the stem

cells, rather than that of supporting stroma, has been
elegantly demonstrated in experiments in which
CD34� cells from AA patients showed poor growth
on allogeneic normal stromal layers, while normal
CD34� cells planted on the stroma derived from AA
patients showed normal growth properties.19,22

Clinically, stem cell transplantation is a highly suc-
cessful therapy in AA, but stromal elements remain of
host origin following transplantation.25 Damage to
the stem cell compartment in acquired AA is likely
the main cause for the quantitative defect by all mea-
sures used to quantitate early hematopoietic cells.
The number of colony-forming cells or long-term cul-
ture-initiating cells (LTC-IC) assayed from purified
CD34� population derived from AA patients is lower
than that observed with normal CD34� cells.12,21,26 A
decreased proportion of cycling cells has also been
described in AA,11 suggesting that a blockade in cell
cycling may precede apoptosis.27,28 Alternatively, qui-
escent cells are resistant to apoptotic stimuli, and
cycling cells may be selectively inhibited or killed,
effectively turning off all active stem cells. 

Apoptosis, telomere shortening, 
and genetic damage
In AA, an abundance of trophic signals and a relative
lack of efficacy of hematopoietic growth factors argue
against their deficiency as a mechanism of apoptosis.17

However, an increased apoptotic fraction within CD34�
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Figure 41.1 Fate of hematopoietic stem cell compartment in aplastic anemia. Under normal circumstances, within the
stem cell compartment, a certain number of cycling stem cells maintain supplies of committed progenitor cells that produce
mature blood cells. In immune-mediated aplastic anemia, all stages of hematopoietic development are affected but the
decrease of the stem cell numbers is the essential lesion, explaining involvement of all blood cell lineages. After successful
treatment (e.g., with immunosuppression), removal of inhibitory stimuli may allow the remaining stem cells to compensate
their numeric deficiency with increased production of committed progenitor cells, and, as a result, normal or seminormal
blood cell counts can be maintained (right portion). However, a limited regeneration of stem cells may be possible (either
within the compartment itself or through recruitment from the more pluripotent pool) and the normal blood cell production
is restored (left) 



cell populations derived from AA has been demon-
strated.29–31 In addition to proapoptotic cytokines and
growth factors withdrawal, apoptosis in AA may be
mediated by nitric oxide or oxygen radicals secreted by
CD34� cells in paracrine fashion.32,33

Frequent evolution of clonal disease34,35 suggests
that the process leading to the depletion of stem cells
may promote acquisition of stem cell damage, and the
expansion of the dysplastic clone may be the result of
a clonal escape, possibly due to a different susceptibil-
ity to depletion mechanisms between normal and
mutated stem cells. It is also possible that the deple-
tion of normal stem cells may more likely facilitate the
recruitment of a preexisting defective (under normal
circumstances quiescent) stem cell (known as the
oligoclonality theory). Alternatively, some of the pro-
posed proapoptotic signals may serve as potential
DNA-damaging agents. The putative mechanisms may
involve generation of reactive oxygen and nitrogen
species capable of damaging the DNA. 

In true stem cells, self-renewal does not result in
telomere shortening, but upon recruitment and com-
mitment the telomere length progressively declines
with each division.36–38 In general, shorter telomeres,
measured by various methods, were reported in
AA.38–40 While patients with chronic moderate AA
showed short telomeres, in acute severe cytopenia,
shortening of the telomeres may not be evident due to
the blocking of stem cell cycling. Upon recovery, due
to the recruitment of new stem cells, telomeres of the
progeny may provide longer measurements again, or,
if the stem cell number operating at a given time is
small (and normal cell counts maintained), telomere
shortening may be more pronounced. In general,
once a critical telomere length is reached, chromo-
somes may become unstable. Such a mechanism
could explain the evolution of clonal karyotypic
defects in AA, but shortened chromosomes were not
consistently found in AA patients who evolved into
myelodysplasia.

CLASSIFICATION OF AA BASED ON ETIOLOGY 
AND PATHOPHYSIOLOGIC MECHANISMS 
AA may have diverse causes that allow for clinically
useful classification (Table 41.1). While iatrogenic AA
is uncommon, it can be easily recognized. The most
common is the idiopathic form of AA, and most parts
of this chapter deal with this classical AA entity.
Congenital bone marrow failure syndromes can evolve
to AA; they will not be discussed in detail here.

Drug- and chemical-induced AA
Drugs and chemicals have been implicated as etiologic
agents in AA for many decades. Benzene has served as
a model chemical implicated in AA.41–43 Intermittent
exposure may be at least or even more toxic than
chronic exposure. The mechanism of benzene toxicity
is not entirely clear, and several metabolites may be

involved. Consequently, genetic polymorphisms of
the catabolic pathways may constitute predisposition
factors for the development of benzene toxicity. In
addition to direct toxicity comparable to that of some
cytotoxic agents, other mechanisms, including stro-
mal damage or even immune mediated effects, can be
involved. Other aromatic hydrocarbons are also cited
as causes of AA. Similarly, pesticides and insecticides
have often been reported as causes of AA, but the rig-
orous systematic epidemiologic studies are scarce or
showed mixed results. Overall, the proportion or cases
attributable to specific pesticides or aromatic hydrocar-
bons is relatively small, especially given the ubiquitous
nature of these chemicals in the modern world.

Medical drugs have been frequently implicated as
causes of AA.6 Cytotoxic agents may serve as a proto-
type, and a patient’s medical history should make a
diagnosis obvious. Of importance are drugs used for
treatment of unrelated disorders. Chloramphenicol
and AA as well as aminopyridine and agranulocytosis
are the best examples of agents recognized to be associ-
ated with an increased risk of disease.44–46 In general,
drug reactions can be classified into dose-related effects
and idiosyncratic reactions, in which occurrence is rare
and not dose dependent. The list of drugs that have
been implicated in causing AA is long, but all of them
can account only for a fraction of cases (around 15%).
The most comprehensive epidemiologic study per-
formed in Europe identified agents that were associated
with the occurrence of AA, but for most of the cases the
stratified risk estimate was relatively low. The highest risk
was found for some nonsteroidal anti-inflammatory
drugs (NSAIDs) (piroxicam), gold, antithyroid agents,
and allopurinol. Even for chloramphenicol, notori-
ously implicated in AA (at the peak of its usage 30% of
all cases), the increase in the risk is modest (13-fold, or
about 1/20,000). In general, agranulocytosis and mild
pancytopenia are more common drug reactions than
severe AA. The list of commonly implicated agents is
provided in Table 41.2.
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Table 41.1 Classification of aplastic anemia by etiology

Aplastic anemia
Acquired aplastic anemia Inherited aplastic anemia

Idiopathic aplastic anemia Fanconi anemia
Pregnancy Dyskeratosis congenita
Paroxysmal nocturnal Reticular dysgenesis
hemoglobinuria Schwachman anemia

Secondary Genetic primary non-

Drugs hematologic syndromes

Iatrogenic/cytotoxic
Idiosyncratic

Radiation
Iatrogenic
Accidental

Viruses
Pancytopenia of autoimmune 
diseases



Radiation
Bone marrow aplasia is a well-known toxicity of ioniz-
ing radiation. Myeloablation using �-radiation is used
therapeutically as a conditioning regimen for stem cell
transplantation. The bone marrow is affected directly
by �-rays, and secondarily by �- and �-particles.
Certain cell types, such as lymphocytes, are very sensi-
tive and are killed directly, while hematopoietic prog-
enitors require cell division for severe damage; thus,
mitotically active cells are most sensitive. The onset
and severity of pancytopenia is dose dependent.
However, the regeneration capacity of the irradiated
marrow is remarkable, likely due to the presence of
quiescent, more resistant stem cells. While the exact
LD50 dose is not precisely known in humans, 1.5–2 Gy
of whole body radiation can induce marrow aplasia.
The dose of 4.5 Gy (Shields–Warren number) has been
estimated to constitute the LD50.11,47 The estimation
of marrow toxicity is hampered by the toxicity to
other organ systems that may limit survival. At doses
at LD50, bone marrow toxicity limits survival.

Viruses
In many respects, clinical and pathophysiologic fea-
tures of AA suggest a possible infectious etiology. Most
commonly, viruses have been implicated. Over the
years, many of the suggested agents have been excluded
as etiologic factors. The search for AA agents has been
extensive. Hepatitis B and A were proven not to be the
causative agent for typical AA. Similarly, cytomegalovirus
(CMV), although certainly capable of producing bone
marrow suppression under certain clinical circum-
stances, such as following stem cell transplantation, is
not responsible for idiopathic AA. Certain serologic
CMV types have been implicated in transplantation-
refractory AA, but these studies have not found applica-
tion to explain typical AA.48–50 A series of cases clearly

attributable to Epstein–Barr virus (EBV) has been
described, but again, EBV is a rare cause of AA.51 The
best evidence for a viral etiology exists in a specific
hepatitis/AA syndrome, in which severe AA follows
with a 3–6 months latency. So far, a specific agent of this
non-A, non-B, non-C hepatitis has not been found.52

Immune-mediated bone marrow failure in AA
That AA is an immune-mediated disease has been con-
cluded from the successes of immunosuppressive (IS)
therapy. Despite progress in laboratory investigations,
most experimental evidence supporting an autoim-
mune attack in AA remains indirect, and this clinical
observation provides the strongest evidence for an
autoimmune pathophysiology of this disease. The
inciting events for the immune reaction in AA include
viral infections that, through molecular mimicry, lead
to the breach of tolerance toward antigens residing on
hematopoietic stem cells. In addition, cross-reactive
antigens could also be generated by chemical modifi-
cation or conjugation with drugs. Finally, neoantigens
created by transcription of mutated fused genes may
induce an immune reaction with effector cells that are
unable to selectively kill abnormal cells, and mediate
depletion of normal elements as well (Figure 41.2).

Experimental evidence supports an immunologic
mechanism in AA (for review see8–10) (Figure 41.3). A role
for T cells in AA was first suggested by coculture and
depletion experiments, in which inhibition of
hematopoietic colony formation was associated with
this lymphocyte population.53,54 Later, an inverted
CD4/CD8 ratio,27 activated cytotoxic lymphocytes
(CTL) as detected by the expression of HLA-DR55 and
CD25,56 and skewing of the variable �-chain (V�)reper-
toire of the T-cell receptor (TCR) were found, consistent
with expansion of autoimmune T-cell clones.57–65

The damage to the stem cells can be mediated by a
variety of mechanisms, including direct cell-mediated
killing by CTL as well as cytokine-transduced inhibi-
tion (Figure 41.2). In addition to interferon � (IFN�)
and tumor necrosis factor � (TNF�), Fas ligand or TNF-
ralated inhibitory ligand (TRAIL) appears to play an
important role as effector cytokines in the hematopoi-
etic inhibition in AA.29,66–68 Such mechanisms may be
restricted not only to the original targets, but also may
include bystander cells. Ultimately, these factors may
result in apoptosis of stem cells. 

Genetic predisposition and congenital AA
Several rare congenital syndromes can present as AA or
evolve to a clinical picture consistent with AA. Defect
in the DNA repair machinery may lead to stem cell
damage, but the pathophysiologic mechanism leading
to pancytopenia is not clear. In some studies, immune
mechanisms such as excessive production of TNF�

have been implicated.41,42 Fanconi anemia is the most
common differential diagnostic consideration that
should be excluded in all children and younger
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Table 41.2 Drugs most commonly implicated in 
aplastic anemia

Dose-dependent marrow cytopenia
Chemotherapy

Drug that may cause idiosyncratic association but low 
probability
Chloramphenicol
NSAID
Anticonvulsants (e.g., carbamazepine)
Antithyroid
Gold, D-penicilinamine
Sufonamides
Carbonic anhydrase inhibitors

Very rare associations
Antibiotics
Allopurinol
Psychotropic (e.g., phenothiazines)
Cardiovascular drugs
Lithium
Sedatives (e.g., chlorpromazine)
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Figure 41.2 Immune mechanisms in AA.
APC: antigen presenting cell; HSC:
hematopoietic stem cells

patients. Due to the variable presentation of Fanconi
anemia, patients may show initially normal counts,
and AA evolves progressively. Dysmorphic features
and short stature may not be obvious. Dyskeratosis
congenita is another congenital syndrome that may
present with pancytopenia. Classically, leukoplakia
and nail abnormalities are present.

CLINICAL FEATURES OF AA 

PRESENTATION
Most patients with AA present with symptoms of ane-
mia or bleeding due to deficient red blood cell and
platelet production. Infection associated with low neu-
trophil numbers is not a common initial presentation.
Often, AA is uncovered incidentally; patients may
remain asymptomatic for a long time due to the latent
onset of anemia. Consequently, the latency period and
the onset of the disease are difficult to determine. In
some cases, when AA is discovered early, a follow-up
blood examination will reveal progressive worsening
of cytopenia. 

DEFINITION, DIAGNOSIS, AND 
DIFFERENTIAL DIAGNOSIS
Definitions and classification 
According to the useful definition of the AA Working
Party, AA is defined by bone marrow cellularity (usu-
ally �10%) and a decrease in two out of three blood
lineages. Cytopenia secondary to other hematologic
diseases and systemic conditions has to be excluded.
The issue of the requirement of normal cytogenetics is
a subject of some controversy, especially that in a pro-
portion of patients, cytogenetic analysis may not be
informative. Most experts believe that the presence of
karyotypic abnormalities at presentation is consistent

with the diagnosis of MDS, excluding idiopathic AA.
According to the severity classification proposed by
Camitta69 (Table 41.3), patients with moderately
depressed counts have an excellent prognosis even if
untreated, while those with severely affected blood
counts have poor survival in the absence of therapy. 

Differential diagnosis
A large number of conditions may mimic AA in all or
some of its aspects and features, and depending on the
clinical circumstances, some alternate diagnoses have
to be excluded (Figure 41.4). Several systemic diseases
can present with an aplastic bone marrow; bone mar-
row biopsies can be hypocellular in up to 10% of
patients with MDS.1–3 In addition, marrow aplasia can
be encountered in hairy cell leukemia, or be iatro-
genic. Discrimination of AA and MDS may be particu-
larly challenging if hypocellularity precludes proper
morphologic evaluation and cytogenetic examination
is not informative. Clues may be provided by presence
of micromegakaryocytes, myeloid dysplasia, and resid-
ual blasts.

Table 41.3 Classification of aplastic anemia by severity

Aplastic anemia
Severe aplastic anemia Moderate aplastic anemia

Bone marrow cellularity,
10% Depression of at 
least two out of three 
hematopoietic linegages:

ANC,500/uL
Transfusion dependence 
with absolute reticulocyte
count (ARC), 60,000/uL
Platelets count

Decreased bone marrow
cellularity
Depression of at least two 
out of three hematopoietic
lineages not fulfilling the
severity criteria as specified
in the right column
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Figure 41.3 Bone marrow finding in AA. (a) Peripheral blood smear from a patient with aplastic anemia demonstrates
severe pancytopenia with normocytic to slightly macrocytic anemia, neutropenia, and thrombocytopenia (peripheral blood,
Wright–Giemsa stain, original magnification �100). (b) Bone marrow touch imprints may be helpful in excluding mimics of
aplastic anemia, such as hairy cell leukemia, which can result in a dry tap. This low-power image of a touch imprint reflects
the overall hypocellularity encountered in aplastic anemia (bone marrow biopsy touch imprint, Wright–Giemsa stain, origi-
nal magnification �10). (c) Bone marrow biopsy in aplastic anemia illustrates severe panhypoplasia with only rare scattered
lymphocytes and plasma cells (bone marrow core biopsy, hematoxylin–eosin stain, original magnification �40). (d) Because
marrow cellularity may vary geographically within the biopsy, with the area immediately subjacent to the cortex often being
hypocellular, it is essential to obtain an adequately sized core biopsy when evaluating for possible aplastic anemia (bone
marrow core biopsy, hematoxylin–eosin stain, original magnification �10). (e) Hypocellular MDS can mimic aplastic ane-
mia. In this biopsy, mature myeloid elements are reduced, and the presence of occasional mononuclear cells consistent with
blasts (arrow) can be a subtle feature. Marrow aspirate smear (inset) showed 9% myeloid blasts with dysplastic changes in
erythroid precursors (bone marrow core biopsy, hematoxylin–eosin stain, original magnification �40; inset: bone marrow
aspirate, Wright–Giemsa stain, original magnification �100) (courtesy of Dr. Karl Theil, Cleveland Clinic)

Diagnostic procedures 
Diagnostic procedures include blood counts and a
differential, and a bone marrow aspiration and biopsy
(Figure 41.5). A reticulocyte count should always be
obtained to assess severity and establish that anemia
is related to the deficient marrow red blood cell pro-
duction. The marrow exam should include cytoge-
netic evaluation. The presence of even small numbers
of blasts strongly questions the correctness of the AA
diagnosis. The residual erythropoiesis may be mega-

loblastic; overt dysplasia of the myeloid series should
not be seen in typical AA. Megakaryocytes are most
typically absent or severely decreased in number.
Routine flow cytometry of blood is not indicated, but
may be helpful in excluding T-cell lymphoprolifera-
tive syndromes and B-cell malignancies, especially
hairy cell leukemia. Due to a common association
and possible prognostic considerations, the presence
of PNH should be investigated by flow cytometry on
both red blood cells and granulocytes, which provide



a much more sensitive and, unlike erythrocytes,
transfusion-independent assessment of the size of the
PNH clone. In younger patients, Fanconi anemia
should be excluded by diaminobenzidine (DAB) test-
ing. Splenomegaly and lymphadenopathy are atypi-

cal and always herald the presence of an alternative
diagnosis or additional disorder.

DISTINCT CLINICAL ENTITIES
AA/paroxysmal nocturnal hemoglobinuria syndrome
Recent studies using a sensitive flow cytometric
method have demonstrated that a glycosyl phos-
phatidyl inositol (GPI) deficient clone can be present
in up to 1/3 of all patients with AA at presentation.70,71

While in most of these patients PNH clones are tiny in
size, in a significant minority of patients significantly
expanded GPI-deficient PNH clones are present. These
patients, unlike those with a primary hemolytic form
of PNH, may have hypocellular bone marrow and low
reticulocyte count. It has been hypothesized that the
autoimmune attack responsible for the stem cell deple-
tion in AA generates permissive conditions under
which an otherwise dormant PNH clone can
evolve.72,73 The finding of a large proportion of PNH
cells may be a significant feature, as administration of
antithymocyte globulin (ATG) may be associated with
a precipitation of a major hemolytic episode.

AA/hepatitis syndrome 
AA/hepatitis syndrome has been described as a rare but
instructive variant of this disease clearly pointing to a
viral etiology of some cases of AA.52,74 Despite exten-
sive laboratory investigation, such a virus has not been
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found. It appears that the often fulminant hepatitis
initiating the disease is caused by a non-A, non-B, non-
C hepatitis virus. The hepatitis is associated with jaun-
dice and an often pronounced rise in transaminases. It
can result in fulminant liver failure. In patients who
survive the hepatitic phase, transaminases, decrease
and a latency period characterized by a period of a rel-
ative well-being follows. After a variable time period
(often several months), pancytopenia develops with a
clinical picture typical of severe AA. ATG therapy is
effective and can often result in a complete remission.
The time course of the syndrome is highly suggestive
of virally induced hepatitis, which upon clearance of
virus results in induction of cross-reactive T-cell
response directed against hematopoietic stem cells.

Chronic moderate AA
In contrast to severe AA, AA with moderately depressed
counts has a favorable prognosis and often does not
require therapy. The definition of moderate AA is diffi-
cult, as it may represent a transition stage of severe AA.
A sufficient observation period (�3 months) with
chronically and not progressively depressed counts
makes the diagnosis of moderate AA. Over time the
blood counts may decline, with evolution to a severe
AA. It remains unclear whether moderate AA represents
a separate entity, a number of nosologic entities such as
unrecognized congenital bone marrow failure syn-
dromes or a stage/variant of typical AA.

AA in pregnancy 
Pregnancy seems to predispose to AA, but this issue
remains controversial. In fact, one of the first cases of
AA documented in the early writings on this disease
was a young pregnant woman.75 The mechanism that
triggers AA in pregnancy remains unclear, but AA often
resolves with the termination of pregnancy and can
recur during subsequent pregnancies. Even if the initial
presentation of AA was not associated with pregnancy,
women with a recent history of successfully treated AA
should be counseled to not get pregnant. Successful
pregnancies have been described, and in the majority
of case series most of the women had good outcomes.76

The therapy of pregnancy-associated AA depends on
the gestational age of the fetus. The pregnancy of a
women with severe AA may be terminated if it is close
to term. Earlier in pregnancy, supportive measures are
most commonly used. ATG has also been administered
to women with severely depressed counts, especially
low absolute neutrophil count (ANC). Overall, the
prognosis for the mother and baby is good. 

THERAPY

IMMUNOSUPPRESSIVE THERAPY
IS therapy remains the most important primary treat-
ment modality for the major portion of patients

affected by this disease. The most common IS regi-
mens combine equine ATG (at 40 mg/kg/day for 4
days) with cyclosporine A (CsA) (12–15 mg/kg in a
divided dose b.i.d.) given for at least 3 months, but
usually for 6 months (Figure 41.6). Steroids are usu-
ally added to counteract the serum sickness intrinsic
to ATG therapy. Rabbit ATG (3.5 mg/kg/d � 5d) is
likely as effective as horse ATG, but its efficacy has
not been compared in a randomized trial.77 The
response rate to horse ATG ranges from 70 to 80%,
with a 5-year survival of 80–90%.12,78–81 ATG appears
to be superior to CsA,82,83 and the combination of
ATG and CsA provides better results than ATG alone
or CsA alone.84,85 Intense immunosuppression with
ATG/CsA has also been administered with good suc-
cess in elderly patients.86 The addition of granulocyte
colony-stimulating factor (G-CSF) may improve neu-
tropenia, but does not increase survival.87 Patients
who respond have excellent survival, while those who
are refractory have less favorable survival, with counts
at 3 months post-ATG therapy having a good correla-
tion with long-term prognosis. Most patients who are
destined to respond do so by that time, and subsequent
improvement may occur in additional one fourth of
patients. Newer IS regimens may employ other agents,
such as mycofenolate mofetil and, in the context of
CsA toxicity, Dacluzimab Zenapax [anti-IL-2 receptor
(CD25) monoclonal antibody], but the efficacy of these
agents is not known. Refractory patients may be re-
treated with multiple courses of ATG. Repeated ATG
may result in salvage of a significant proportion of
patients. In one study of patients refractory to horse
ATG, rabbit ATG resulted in a 50% response rate and
excellent long-term survival.77 No good prognostic fac-
tors are available with regard to the response to ATG,
with the exception of the presence of HLA-DR15 alleles
and the PNH clone, both of which correlate with good
responsiveness to immunosuppression.88

High-dose cyclophosphamide has been advocated as
an effective first-line therapy alternative to ATG.89 High
response rates were reported to be associated with pre-
vention of relapse, and also with clonal disease.
However, prolonged cytopenia has resulted in an exces-
sive toxicity related to neutropenic complications in a
randomized trial between ATG/CsA and cyclophos-
phamide/CsA, resulting in a termination of the
study.90,91 Long-term follow-up of patients treated with
cyclophosphamide showed that relapse and clonal dis-
ease can occur after this type of therapy.91,92 It seems
that high-dose cyclophosphamide does not constitute
advancement over ATG/CsA, and should be used only
in selected cases or in the context of clinical trials.

OTHER THERAPIES
Hematopoietic growth factors
Hematopoietic growth factors should not be used in
the primary setting. Some patients will show an
improvement of neutropenia with G-CSF, but severe
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neutropenia due to a typical AA is mostly refractory. In
combination with an ATG/CsA regimen, G-CSF can
improve neutropenia (neutrophil response), and
response to this therapy constitutes an early positive
prognostic factor with respect to future response.87

However, no survival advantage has been reported.87

Dose escalation does not appear to be beneficial.93

Anabolic steroids
Anabolic steroids have been widely used as therapy of
AA, prior to the advent of IS therapy.94,95 Currently,

androgens are mostly used as a salvage therapy for
refractory patients. Historically, response rates to
androgens were clearly observed, and were reported to
be 30–60%. The androgens in current use include
oxymethylone and danazol. Danazol has a relatively
low virilizing potential.

STEM CELL TRANSPLANTATION
AA was the first disease treated successfully with
stem cell transplantation. The most common condi-
tioning regimen was established early and includes
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Figure 41.6 Results of
immunosuppression and stem
cell transplantation in aplas-
tic anemia. (a) Allogeneic
stem cell transplantation.
Data are presented from indi-
vidual hospital series in peer-
reviewed publications from
1991 to 1997. The shaded
area represents the 5-year
probability of survival (with
the same confidence inter-
vals) of patients reported to
the International Bone
Marrow Transplant Registry
(IBMTR) during this period.
(b) The continuing influence
of age on survival, as
reflected in IBMTR data. (c)
Comparative probability of
survival after immunosup-
pression and stem cell trans-
plantation. The data are for
patients reported to the
Working Party on Severe
Aplastic Anemia of The
European Group for Blood
and Marrow Transplantation
in the 1980s and 1990s. 
CSA 
 cyclosporine;
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 Fred Hutchinson
Cancer Research Center; 
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 University of
California, Los Angeles
(Adapted with permission
from Ref. 9)



cyclophosphamide and ATG. For graft-versus-host
disease (GvHD) prophylaxis, methotrexate, together
with CsA, appears to produce better results than CsA
alone.96 Improvement in the general care and treat-
ment of GvHD rendered stem cell transplantation a
much safer procedure and made transplantation a
curative treatment option for more patients.

MATCHED SIBLING DONOR TRANSPLANTATION
Allogeneic transplantation is available to only a
minority of patients (around 30%). With the general
improvement in the outcomes of stem cell transplan-
tation, the overall survival (OS) for matched sibling
donor transplantation has been as good as 85–90%
(Figure 41.6).96,97 Even better results were reported in
children, in whom stem cell transplantation appears
to be more effective in improving survival than does
immunosuppression,98 making this procedure a
treatment of choice for children with severe AA and
a matched sibling donor. However, the typical
decrease in the OS is observed with increasing age of
the recipient, making the therapeutic decision for
older patients a challenge. Children and young
adults with a matched sibling donor should be
offered stem cell transplantation as a first therapeutic
option.

UNRELATED ALLOGENIC STEM CELL
TRANSPLANTATION
The survival rates in patients who undergo a matched
unrelated stem cell transplantation of approximately
35% are by far less impressive than those performed
from matched sibling donors.97 In one report from
1996, the OS was around 54%.99 Various methods,
including modified conditioning regimens and T-cell
depletion, have been used to improve results,100,101 but
relatively little progress has been made in comparison
to matched sibling donor transplantation.97 Most
deaths occur due to GvHD, graft failure, and oppor-
tunistic infections. More recent results, and those
obtained in children, are more favorable.102,103

COMPLICATIONS AND LONG-TERM 
PROGNOSIS

In general, patients successfully treated with immuno-
suppression have an excellent prognosis, while nonre-
sponders who cannot undergo stem cell transplantation
have a poor survival. In recent years, the survival of
chronically pancytopenic patients improved, likely due
to advances in supportive care. Conversion of severe AA
into moderate disease appears to be sufficient to signifi-
cantly improve the long-term prognosis. The most
common complications of AA include relapse and evo-
lution of clonal disease. These complications occur in
patients treated with immunosuppression. Recipients of
allogeneic grafts show a different set of long-term com-

plications, including cataracts, thyroid disorders, and
secondary cancers.100

RELAPSE
The relapse rate following IS therapy may be substan-
tial. For ATG/CsA, it may be as high as 35% in 7
years.12,81 In general, relapse has a good prognosis
and survival of relapsed patients is not significantly
shortened.81 Patients with falling blood counts can
receive a trial of CsA. If unsuccessful in rescuing the
counts, a repeated course of ATG should be given.
The response rates are likely comparable to those seen
in the initial course of ATG. In some instances, rabbit
ATG can be used instead of horse ATG, but it is
unclear whether this measure helps to avoid more dra-
matic allergic reactions. High-dose cyclophosphamide
(see above) has been suggested to prevent subsequent
relapses.

EVOLUTION OF CLONAL DISEASE 
With the introduction of IS therapy, the survival of AA
patients who are not treated with stem cell transplan-
tation has improved significantly.9 With long-term
systematic observation, evolution of AA to other
hematologic diseases has been frequently recognized
as a serious late complication. Historically, the devel-
opment of PNH was considered the most common
clonal complication of AA. Although the appearance
of PNH clones is often already observed at first presen-
tation of bone marrow failure,70,71 manifest PNH
develops in a much smaller but significant proportion
of patients. MDS is another common clonal disease
occurring in the context of AA. 

EVOLUTION OF MDS
Theories of MDS evolution in the context 
of the pathophysiology of AA
A fundamental question in the evolution of clonal dis-
ease in AA is whether its pathophysiology is intrinsic
to the natural history of AA, and now only observed,
as patients survive longer, due to effective therapies.
Alternatively, clonal evolution may be secondary to
the treatment of AA, as a complication of IS therapy, or
more recently, due to chronic growth factor adminis-
tration. Theoretically, inhibition of immune surveil-
lance could lead to the uncontrolled outgrowth of
abnormal clones. However, MDS has occurred in AA
treated with androgens only,104,105 arguing against
the theory that the clonal evolution to MDS is a
consequence of immunosuppression. In addition,
patients with primary MDS have been treated with IS
agents and no acceleration of the disease has been
observed.36,106,107 While prolonged G-CSF treatment
was linked by Japanese investigators to the evolution
of monosomy 7,105,108–110 there was no increased risk
observed in a randomized study of ATG and CsA with
and without G-CSF111 or in the analysis of the European
Group for Blood and Marrow Transplantation (EBMT)
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data.112 In a National Institutes of Health (NIH) study,34

many of the AA patients who developed cytogenetic
abnormalities received hematopoietic growth factors,
mainly as support or as salvage therapy after unsuc-
cessful immunosuppression, and refractory disease
itself may be the underlying risk factor for clonal
evolution.

Diagnosis of evolution, its frequency, and timing
The relationship between AA, a disease dominated by an
immune pathophysiology similar to other organ-specific
autoimmune diseases, and MDS, usually viewed as a pre-
malignant process, remains unclear in many clinical and
pathophysiologic aspects. Aberrant differentiation of
hematopoietic precursor cells, increased numbers of
myeloblasts, and marrow hypercellularity are all charac-
teristic of MDS, but persistent bone marrow hypocellu-
larity in AA may preclude reliable morphologic analysis.
Clinical similarities between MDS and AA are most obvi-
ous in the hypocellular form of dysplasia, and clinical
distinction is often not possible.

The development of MDS in the setting of diagnosed
AA has been described in several studies, but these vary
significantly in their design, and especially in case def-
inition,12,109,113–118 exemplifying diverse views with
respect to the criteria required for the diagnosis of both
MDS and AA. In historical studies of AA, patients with
abnormal cytogenetics and hypoplastic marrows at
presentation were often included,119–122 and in some
institutions, abnormal cytogenetic studies are compat-
ible with a primary diagnosis of AA.104,122–124

Most commonly, abnormal cytogenetics was felt to
exclude a diagnosis of AA, regardless of marrow mor-
phology; in a series from the NIH involving 122
patients treated with intensive immunosuppression
consisting of ATG and CsA, all patients showed a nor-
mal karyotype at presentation, and 14 subsequently
developed karyotypic abnormalities, with a risk of
about 21% at 10 years. Only two patients were diag-
nosed as having a late MDS by marrow morphology
alone, with normal chromosomes.119 In an early study
from Seattle, an abnormal karyotype was reported in 7
of 183 AA patients, but only 3 of these developed after
immunosuppression.104 The differences in the diag-
nostic criteria are also obvious, such as  in a recent
analysis by the EBMT AA Working Party, in which
karyotypic abnormalities occurred in 23 of 170
patients, but in 4 cases chromosomal changes were
present at first diagnosis119 and would be classified as
MDS at other institutions. Similarly, in a recent British
series of 13 patients with AA and abnormal cytogenet-
ics, only 2 presented with normal karyotype and later
developed an abnormality.123 In a study of 159 children
with AA from Japan, the authors identified 6 patients
with the diagnosis of “AA with cytogenetic abnormal-
ities.”122 In another cohort compiled of 100 patients
from the GITMO (Gruppo Italiano Trapianto di
Midollo Osseo) and EBMT study involving anti lym-

phocyte globulin (ALG), CsA, prednisone, and G-CSF,
during a median follow-up of 1424 days, 11 patients
developed cytogenetic abnormalities.125 In the interval
of 11 years, 8% of patients enrolled in the randomized
ATG �/� CsA study developed MDS or AML.126

The evolution of an abnormal karyotype has also
been reported in children. In a series of 114 pediatric
patients from Europe, 7 developed chromosomal
abnormalities but the aberrant clone was retrospec-
tively found in 2 at presentation,127 decreasing the true
evolution rate in this study to 5/114. Among 40
Japanese pediatric patients treated with G-CSF and
CsA, 11 showed clonal evolution, mainly to mono-
somy 7.109 Recently, the same group reported on the
development of MDS or AML in 5 of 41 children
treated with immunosuppression for their hepatitis-
associated AA.128

After clonal evolution, marrow morphology was
characterized by a predominance of hypercellularity
(41%) and patchy biopsy cellularity (27%), while
continued hypocellularity was found in 1/3 of the
patients. Frank dysplasia, including changes in
megakaryocyte morphology, was found in 15 of 29
patients, and a left shift in myeloid differentiation
was observed in 12. However, in 9 of 29 patients,
there were no morphologic changes suggestive of
MDS.34 While the entity of AA with cytogenetic
abnormalities may exist, the new appearance of a
karyotypically abnormal clone in the course of AA
warrants the change of current diagnosis of AA to
MDS. In a recent NIH analysis, patients with AA were
followed with periodic cytogenetic analyses of mar-
rows, and evolution of abnormal karyotypes was
identified in 29 patients (a total of 189 patients were
analyzed), allowing for the estimation of the evolu-
tion rate of 14% in 5 years and 20% in 10 years,
respectively.34 While the detection of a new cytoge-
netic abnormality is a stringent diagnostic sign, it
may not reflect the total rate of MDS evolution in
AA. In primary MDS, the proportion of patients with
a normal karyotype is 40–60%, and by analogy, it is
possible that also in post-AA, MDS can evolve with-
out overt chromosomal damage. 

Risk factors
As various types of MDS and clonal abnormalities
may have different underlying pathophysiologies, it
may be difficult to identify specific risk factors for
progression to clonal disease. For example, mono-
somy 7 appears to evolve in primary refractory
patients or those with incomplete responses to
immunosuppression, while trisomy 8 was observed in
patients whose counts improved adequately.34 A sim-
ilar clinical observation was made for the 13q– abnor-
mality.129 In another study, a similar distribution of
clonal evolution between responders and nonrespon-
ders and monosomy 7 was observed in both groups of
patients.127
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Chromosomal abnormalities
The most commonly found cytogenetic abnormalities
following AA were aberrations of chromosome 7 and
trisomy 8. For example, in a study from Seattle, mono-
somy 7 was found in three and trisomy 8 in two of
seven patients with karyotypic abnormalities104 and, in
a Dutch series, in three of five AA patients who evolved
to MDS.114 In a recent report from Japan, a series of 9
patients with 13q� following otherwise typical AA was
reported129; in the NIH experience, 13q� was also
reported in several of the 29 patients who developed an
abnormal karyotype after AA.34 In agreement with the
Japanese report, both patients showed stable counts
and a good response to immunosuppression. In a study
of children in Japan, monosomy 7 occurred at the
highest frequency,130 and in children reported from
Germany and Austria, monosomy 7 was present in two
of seven patients, while trisomy 8 was encountered
once.127 In a long-term update of the NIH ATG/CsA
trial, aberrations of chromosome 7 were present in 10
and trisomy 8 in 2 out of 13 patients.81 All other abnor-
malities appear to occur more randomly, and given the
overall low number of patients reported, it is difficult to
establish individual frequencies.

There are no predictive factors to identify patients
at risk for the clonal evolution of myelodysplasia. In
retrospect, blood counts of patients at the time of the
cytogenetic evolution to trisomy 8 were significantly
higher than those of patients with monosomy 7.
Additionally, even after evolution to trisomy 8, sus-
tained improved blood counts were often dependent
upon continued CsA administration. Patients with
monosomy 7 and those with complex karyotypes usu-
ally (but not always) had a poor response to immuno-
suppression and persistent pancytopenia.34

Although the appearance of a cytogenetic abnor-
mality in a patient with AA is strong evidence of clonal
evolution to MDS, in some studies a high proportion
of apparently transient chromosomal changes would
diminish the diagnostic and prognostic implications
of new cytogenetic findings. Conversion to a normal
karyotype is not a frequent event, and may also be a
function of the frequency of marrow examinations. In
our previously published study,34 such an event was
observed in only 2 of 29 patients, but since publica-
tion of this report another patient reverted (unpub-
lished observation). It is likely that abnormal clones
may be recruited and contribute to blood production
for limited periods of time.

Prognosis
MDS, evolving from AA, and primary MDS differ in the
distribution of specific cytogenetic abnormalities. In
primary MDS, aberration of chromosome 5 is generally
cited as the most frequent abnormality, present in
10–37% of all patients,131–136 but this chromosome is
only rarely affected in AA patients. 20q� and �Y also
are more often abnormal in primary MDS in compari-

son to AA.131,133 Conversely, monosomy 7, most promi-
nent in the late evolution of MDS from AA, occurs in a
minority of primary MDS (6.5–11%).12,131,134–138 Trisomy
8 appears to have a comparable incidence among cyto-
genetic abnormalities evolving from AA and in primary
MDS (6–20%131–138).

Clearly, the diagnosis of MDS in the course of AA
has prognostic significance. Most obvious modifiers
include the presence of blasts, a hypercellular bone
marrow, certain types of defects, and recurrence or per-
sistence of profound cytopenia, all constituting unfa-
vorable prognostic markers. For example, in one
report, AA patients who developed secondary chromo-
somal abnormalities had a mortality rate of about 27%
with a mean follow-up after evolution of 29 months
(from the initial diagnosis, the total observation inter-
val was 70 months). All but two deaths were related to
AML.34 Response to immunosuppression in patients
with aplasia and abnormal karyotypes may be as high
as 50%,122 and certain karyotypic abnormalities (tri-
somy 8, 13q�) may favorably respond to immunosup-
pression. While the low numbers of patients reported
preclude generalization, no individual abnormality
predicted unresponsiveness. However, certain types of
chromosomal defects are less likely to benefit from
immunosuppression, including monosomy 7, com-
plex karyotypes or 5q� syndrome. A stem cell trans-
plantation may be the only therapeutic option for
patients affected.

EVOLUTION OF PAROXYSMAL 
NOCTURNAL HEMOGLOBINURIA
Theories of PNH evolution in the context of AA
The mechanisms of the selective advantage of the
PNH clone has been the subject of intense research,
but no conclusive results have been obtained. The
simplest model to explain how the PIG-A mutation
accounts for the ability of the PNH clone to expand
predicts that PIG-A mutant cells enjoy an intrinsic
growth advantage. Surprisingly, clinical observation
and much experimental data do not support this
hypothesis.73 Most obviously, PNH does not behave
like leukemia. PNH stem cells are capable of produc-
ing mature cells of all lineages and respond to many
physiologic stimuli. PNH progenitor and stem cells
do not accumulate. In same patients, the proportion
of PNH cells remains stable for years,70 suggesting
that GPI-deficient and normal hematopoiesis may
coexist and that PNH cells do not simply displace
normal cells. The presence of PNH cells in normal
adults is also difficult to reconcile with this model,
given the rarity of this disease. The differential sus-
ceptibility to apoptosis of PNH cells has been
reported by several groups,56,139,140 but their results
have not been confirmed by others.141,142 Appropriate
controls with primary cells are difficult in such exper-
iments, while cell lines may not reflect the situation
in vitro.
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Clinical features
A PNH clone can be present in a significant proportion
of patients with AA at presentation, but most patients
harbor small clones without clinical significance. The
presence of PNH clones constitutes a positive prognostic
factor for the response to immunosuppression. The
behavior of the PNH clone in the course of the disease
and following therapy is erratic. In some patients, the
clonal size does not change, while a clinical PNH can

evolve in up to 10% of AA patients over the period of 10
years. Currently, there are no good predictive factors,
and most of the current data are derived from an older
cohort of patients. It remains unclear whether AA
patients who developed PNH did have minor PNH
clones detectable at presentation, or whether their PNH
developed truly de novo. PNH can be a disabling chronic
complication of AA and is associated with hemolysis,
transfusion dependence, and thrombotic complications. 
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ALLOGENEIC STEM CELL 
TRANSPLANTATION FOR 
MYELODYSPLASTIC SYNDROMES

INTRODUCTION
Myelodysplastic syndrome (MDS) is a heterogeneous
group of clonal hematopoietic disorders character-
ized by ineffective hematopoiesis, marrow dysplasia,
and variable rates of transformation to acute myeloid
leukemia predominantly affecting  older patients
(mean age 69 years).1 With the aging of the popula-
tion and increased awareness, the incidence and
prevalence of MDS has been steadily increasing over
the last 20 years.2 In the United States, the estimated
incidence of MDS is between 3.5 and 12.6 per
100,000 new.3 MDS is associated with several sub-
types diagnosed each year. The older FAB classifica-
tion4 of MDS has been replaced by the WHO classifi-
cation.5 The diagnostic subtypes have a significant
bearing both for treatment and on prognosis. The
blast percentage, the cytogenetic findings, and num-
ber of cytopenias at diagnosis are important in prog-
nostication. Together these parameters have been
used to generate a scoring system termed the
International Prognostic Scoring System (IPSS).6 The
IPSS has a bearing not only in the overall prognosis of
a patient with a diagnosis of MDS, but is also a useful
predictor of transplantation outcomes.7,8 In spite of
there being significant progress in the understanding
of the pathophysiology of MDS, which has translated
into novel therapeutic interventions, allogeneic stem
cell transplantation (SCT) still remains the only ther-
apy that has curative potential in this condition. This
was first demonstrated as early as 1984.9 The epi-
demiology, molecular biology, pathology, and clinical
features have been addressed in detail in Chapters
41–43.

ALLOGENEIC SCT IN MDS
Various therapeutic options exist for the management
of a newly diagnosed patient with MDS. In addition to
the subtype and IPSS score at diagnosis, the age and
performance status of the patient are important deter-
minants of feasible therapeutic options. In spite of sig-
nificant improvements in supportive care and the
increasing therapeutic options that are available
(Chapter 44 and 48), an allogeneic SCT remains the only
option that has curative potential, leading to the recom-
mendation that all patients who are eligible for a trans-
plant procedure and have an available donor should
be considered for this procedure.10 However, in reality
this therapeutic option is limited to a small fraction of
patients with this diagnosis, as the majority of patients
are over 65 years, with additional comorbidities and
poor performance status. Even when other adverse fac-
tors are not present, this group of older patients is per-
ceived as being unable to tolerate a standard myeloab-
lative conditioning regimen. 

Since MDS has significant variability in the natural
history and response to therapy, no single therapeutic
algorithm can be applied to this group of patients;
rather, therapy has to be tailored to the individual
patient. For patients eligible to undergo an allogeneic
SCT, the factors that have a bearing on transplant out-
come  have to be weighed against the risks involved. In
this chapter we look at some of these factors and pro-
vide a broad overview of the role of an allogeneic SCT
in the management of MDS.

EFFECT OF AGE ON OUTCOME
Intuitively, older patients should do poorly following
an allogeneic SCT. Most studies have shown that recipi-
ent age is an important prognostic factor for nonre-
lapse mortality (NRM).11 In a majority of the large trials
using a myeloablative regimen with related7,12–14 and
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unrelated donors,12,15–17 this holds true. However, in one
large study by Deeg et al.8 that used targeted busulfan
levels in a myeloablative conditioning regimen, in a
multivariate analysis, there was no significant effect of
age (up to 66 years) on relapse-free survival (RFS). The
data on the use of nonmyeloabative transplants for
older patients is still evolving and could potentially
improve the outcome of older patients undergoing an
allogeneic SCT.

EFFECT OF IPSS SCORE ON OUTCOME 
IPSS scores have been shown to have a bearing on the
outcome following an allogeneic SCT.7,8 In the more
recent publication by Deeg et al.,8 the 3-year RFS was
80% for patients with low-risk MDS (IPSS score 0),
which progressively decreased with increasing scores
to 29% among patients with an IPSS score higher than
2 (Figure 42.1). Earlier studies had shown a similar cor-
relation with cytogenetic risk groups and posttrans-
plant outcomes in patients with MDS. Nevill et al.18

showed a 7-year event-free survival of 51%, 40%, and
6% in the good-, intermediate-, and poor-risk cytoge-
netic risk groups, respectively. Since the IPSS score
includes additional parameters of percentage of blasts in
the bone marrow and number of cytopenias at diagnosis,

which are important independent adverse factors,14 it
is likely to be a more robust system to predict outcome
following an allogeneic SCT. 

IPSS score also has an important bearing on decision
making with regards to proceeding with an allogeneic
stem cell transplant. In the low-risk group with a
median survival of 11.8 years in patients younger than
60 years,6 one would opt for supportive care or a nonin-
tensive low-risk therapy rather than subject such an
individual to the risk of treatment-related mortality
(TRM) following an allogeneic SCT. On the other hand,
a patient with an IPSS score �2, who has a median sur-
vival of a few months6, is a candidate for an allogeneic
SCT provided a donor is available and his or her perfor-
mance status permits the procedure to be done.

EFFECT OF TIME TO TRANSPLANT FROM DIAGNOSIS 
While an allogeneic SCT is the only curative therapeu-
tic option in the management of MDS, it is also associ-
ated with the highest TRM. NRM caused by infections,
graft-versus-host disease (GVHD), and organ toxicity
in large series of patients undergoing an allogeneic
SCT varies from 30–54%.16,18,19 It would not be appro-
priate to expose low-risk MDS patients to these risks.
However, MDS is for the most part a continuously
evolving disease process with an inexorable progres-
sion to acute leukemia, and an allogeneic SCT done in
a more advanced stage of the disease process is associ-
ated with significantly worse outcomes.7,8 The optimal
time has been a matter of controversy, especially for
the low- and intermediate-risk MDS. A recent publica-
tion by Cutler et al.20 attempted to address this issue
by applying a statistical technique called a Markov
model to predict long-term outcomes under condi-
tions of uncertainty. In patients with low- or interme-
diate-risk MDS, delayed transplantation by a fixed
time interval (2–2.5 years) and prior to leukemia trans-
formation maximized overall survival. This survival
advantage was even more prominent in patients
younger than 40 years in this risk group. For interme-
diate 2 and the high-risk group, immediate transplan-
tation improved overall survival. 

ROLE OF INDUCTION CHEMOTHERAPY PRIOR 
TO AN ALLOGENEIC SCT
The majority of published studies have shown that
patients in remission or with a lower percentage of
bone marrow blasts have a lower relapse rate and an
improved outcome. In the European Group for Blood
and Marrow Transplantaton (EBMT) series, outcomes
were significantly better for patients in first remission
compared to the patients with active disease at the
time of transplant.12 Other groups have failed to
demonstrate this benefit of remission induction prior
to an allogeneic SCT,8,14,21,22 suggesting that it would
be preferable to take patients with high-risk MDS
directly to an allogeneic SCT if they were eligible for
this procedure. These studies are limited by being
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Figure 42.1 Impact of IPSS score on outcome. The �
indicates censored patient; in 7 patients, an IPSS score
could not be assigned. (a) Relapse-free survival. (b) CI of
relapse. (Reprinted from Ref. 8, used with permission.)



difference in survival with significantly more NRM
(68% vs 36%).24 From these early studies it appears
that further intensification of the conditioning regi-
men is not a solution to improve the outcome in this
disease. In the setting of unrelated matched donor
transplants it has been shown that use of non-
TBI-based conditioning regimens (Bu/Cy) is associated
with improved outcomes both in the low- and high-
risk MDS groups.16 Overall, there has been a move
toward the use of non-TBI-based conditioning regi-
mens for allogeneic SCT in MDS. Oral busulfan with
pharmacologic targeting and intravenous busulfan
reduce the incidence of RRT and NRM and improve
transplant outcomes.16,25,26 Recent data published 
by Deeg et al. using targeted busulfan levels with
cyclophosphamide have shown promising results
even in an older patient population with low- and
high-risk MDS.8 The data from some of the largest
series using myeloablative regimens are summarized in
Table 42.2.

Nonmyeloablative conditioning regimens 
In view of the older age group of patients with a diag-
nosis of MDS and the inability of a significant propor-
tion of these patients to receive a standard myeloabla-
tive conditioning regimen, in the 1990s reduced
intensity conditioning (RIC) or non-myeloablative
conditioning regimens for an allogeneic SCT were
actively pursued. It was hoped that this approach
would reduce the RRT and NRM in this population.
The most commonly used RIC regimen is a combina-
tion of fludarabine with either melphalan or low-dose
TBI. Results from some of the largest series pub-
lished27–32 are summarized in Table 42.3. In a majority
of these studies, the NRM was lower with myeloabla-
tive regimens but was associated with higher relapse
rates, which was especially noted in the EBMT study.30

More recently a publication from the MD Anderson
Cancer Center showed a similar correlation with an
increased risk of relapse in the group receiving a less
intensive conditioning regimen when comparing two
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Table 42.1 Studies comparing the effect of chemotherapy prior to transplant
No. of High-risk Prior 

Study patients MDS (%) chemotherapy TRM (%) DFS (%) OS (%)

de Witte et al.12 885 51 � (111) 37 44 49
� (440) 45 32 39 p � 0.001

Deeg et al.8 109 37 NS 12 56 NS no benefit
(HLA - identical of prior
sibling) chemotherapy
59 (MUD) NS

Sutton et al.14 71 77 � (13) 50 15 15 no significant
� (15) 30 20 20 difference

Anderson et al.21 66 100 � (20) NS 15 NS no significant
� (46) NS 24 NS difference

DFS – disease free survival; TRM – treatment related mortality; NS – not stated; OS – overall survival; MUD – matched unrelated donor transplant.

single center small retrospective analyses of heteroge-
neous groups of patients. The data from some studies
addressing this issue are summarized in Table 42.1. The
study by Copelan et al. suggests that the outcome in
patients receiving induction therapy is in fact worse
than those taken to transplant directly as a result of
increased regimen related toxicity (RRT) compared to
the group taken directly to a transplant.22 This issue
needs to be further evaluated, especially in the setting
of newer, less toxic remission induction agents, prefer-
ably as a prospective study. On the basis of the avail-
able data, it would be reasonable to take patients with a
low percentage of bone marrow blasts directly to trans-
plant, while patients with a bone marrow blast per-
centage closer to that of a diagnosis of acute myelo-
cytic leukemia  would probably benefit from induction
therapy prior to a transplant. These recommendations
must also be based on the age, motivations, and
comorbidities of the patient.

CONDITIONING REGIMENS FOR ALLOGENEIC 
SCT IN MDS
Standard myeloablative conditioning regimens (both
total body irradiation (TBI) based and non-TBI based)
are associated with significant RRT, and contribute to
NRM. As the majority of patients with a diagnosis of
MDS are above the age of 60 years, they are less likely to
tolerate these regimens. New nonmyeloablative regi-
mens are being explored with the hope of being able to
offer an allogeneic SCT, its graft-versus-leukemia effect,
and the potential for cure to this older population.

Myeloablative conditioning regimens 
In the 1980s, using a cyclophosphamide/TBI (Cy/TBI)
ablative regimen resulted in a disease-free survival of
30–40% in patients with high-risk MDS.23 In an effort
to study if further intensification of the conditioning
regimen would improve the outcome, busulfan was
added to this regimen and compared with historical
controls using Cy/TBI alone. The results showed that
there was a decrease in relapse risk, but no significant
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Table 42.2 Summary of data from some large series of patients with MDS who underwent a related matched, sibling
allogeneic SCT using a myeloablative conditioning regimen

No. of Age High-Risk Preparative NRM (%) DFS (%) OS (%)
Study patients (median) MDS (%) regimen at 3 years

Sutton et al.14 71 37 100 TBI based 39 32 32

Appelbaum et al.7 251 38 (1-66) 57 TBI based, 69% 42 41 NS

de Witte et al.12 885 NS 52 NS 43 31 46

Sierra et al.13 452 38 (2-64) 60 TBI based, 40% 37 40 42

DFS – diseasefree survival; NRM – nonrelapse mortality; NS – not stated; OS – overall survival; TBI – total body irradiation.

Table 42.3 Summary of data of patients with MDS who underwent an HLA-identical (related and unrelated) allogeneic
SCT using a nonmyeloablative conditioning regimen

No. of Age High-risk MUD Preparative NRM DFS (%)
Study patients (median) MDS (%) (%) regimen (%) at 2 years OS (%)

Giralt11 26 57 100 33 FM or FAI 43 27 31

Paker et al.29 23 48 78 70 FB-Campath 26 39 48

Stuart et al.32 77 59 44 50 F-TBI NS NS 24(high risk)
40(low risk)

Martino et al.30 194 54 NS 0 various 30 46 at 1 year 55 at 1 year

De Lima et al.31 26 NS NS NS FM or FAI 30 Relapse risk 61% 
with FAI vs 30%
with FM*

DFS – disease-free survival; NRM – nonrelapse mortality; NS – not stated; OS – overall survival; TBI – total body irradiation; FAI – fludarabine,
cytarabine, and idarubincin; FM – fludarabine and melphalan; FB – fludarabine and busulfan. 
* Combined data of patients with diagnosis of MDS and acute myeloid leukemia.

reduced intensity regimens,31 suggesting that more
intensive conditioning may be required. There are a
number of ongoing clinical trials addressing this issue,
and the optimal regimen remains to be defined. 

PERIPHERAL BLOOD VERSUS BONE MARROW 
AS A SOURCE OF STEM CELLS
The use of G-CSF mobilized peripheral blood stem cells
(PBSCs) has been associated with improved outcome
compared to marrow. A retrospective analysis of the
EBMT data of 234 patients with a diagnosis of MDS
undergoing an HLA identical sibling transplant
showed an improved 2-year survival of 50% with PBSC
versus 39% with bone marrow and also reduced TRM
and relapses.33 Similar reduced relapse risk and
improved overall outcome was also noted in the stud-
ies published by Deeg et al.8 and Canizo et al.34

ROLE OF ALTERNATE DONOR SOURCES
A related HLA-identical sibling is the ideal donor for an
allogeneic stem cell transplant. Unfortunately only
25–30% of patients are likely to have an HLA-identical
sibling. In this older population, an HLA-matched sib-
ling may not be eligible as a donor because of age and
comorbidities. Alternative donor sources include a

matched unrelated donor (MUD), matched or mis-
matched cord blood, or a haploidentical donor.
Analysis of MUD transplants under the auspices of the
National Marrow Donor Program (NMDP) shows com-
parable results to that of an HLA identical related
transplant.16 The data with cord blood transplants is
preliminary, but it has the potential to be a signifi-
cant alternative source, especially with mismatched
cord blood.35,36 There is insufficient data with haplo-
identical transplants in this condition to recommend
it outside of a clinical trial.

CONCLUSION
An allogeneic stem cell transplant remains the only
therapy with a curative potential in the management
of a patient with a diagnosis of MDS. However, the
risks associated with an allogeneic transplant in this
older population have to be weighed against the bene-
fits. Statistical models predict that delaying an allo-
geneic stem cell transplant for patients in the low-risk
MDS group is associated with maximal life expectancy.
Myeloablative regimens are associated with a lower
risk of relapse in patients with high-risk MDS. Recent
data using myeloablative regimens with targeted
buslfan levels hold promise in both reducing the RRT



and the risk of relapse. Preliminary data with non-
myeloablative regimens show a definite reduction in
NRM, though the high risk of relapse is of some con-
cern, especially in patients in the high-risk group of
MDS. Ongoing clinical trials may help identify an opti-
mal nonmyeloablative regimen. Cytokine mobilized
PBSC transplants appear to be superior to marrow trans-
plants in this setting. Published data suggest that out-
comes with MUD stem cell transplant are comparable to
that with an HLA-identical related donor. Preliminary
data with mismatched cord blood transplants are excit-
ing, but remain to be validated.

ALLOGENEIC SCT FOR APLASTIC ANEMIA

INTRODUCTION
Acquired aplastic anemia (AA) is a rare but potentially
fatal bone marrow failure syndrome characterized by
pancytopenia. It can be acquired secondary to expo-
sure to radiation, drugs, chemicals, and infections, or
as part of an autoimmune disorder. However, most
commonly it is idiopathic in origin. Inherited disor-
ders such as Fanconi anemia, dyskeratosis congenital,
and Shwachman’s syndrome as well as acquired disor-
ders such as paroxysmal nocturnal hemoglobinuria
can lead to AA, and are not discussed in this chapter.

AA can present with varying severity. The Inter-
national AA Study Group has established criteria for
the diagnosis of severe aplastic anemia (SAA).37 For
the diagnosis of SAA, the bone marrow cellularity
should be less than 25% of expected and two out of
the following three criteria should be present (1) ANC
�0.5 � 109/lt; (2) platelets �20 � 109/lt; and (3) retic-
ulocytes �1%. Very severe aplastic anemia (VSAA) is
defined as for SAA but with an ANC �0.2 � 109/lt.
Patients not fulfilling criteria for SAA or VSAA have
nonsevere AA.

Allogeneic stem cell transplant is a curative option
in patients with this diagnosis. It is reserved for the
treatment of patients with SAA or VSAA. It can also be
considered for patients with nonsevere AA who have
failed immunosuppressive therapy. An approach to
the treatment of patients with a diagnosis of AA is out-
lined in Chapter 45. 

EFFECT OF AGE ON OUTCOME
Long-term survival for patients with AA undergoing an
HLA-identical sibling transplant varies from 75% to
90%.38–41 In most studies, patient age has a significant
bearing on the outcome following an allogeneic stem
cell transplant. There is some controversy as to the
upper age limit at which an HLA-identical related allo-
geneic SCT would be offered as an initial therapy, with
most recommendations putting the upper age limit as
40 years42; the study by Bacigalupo et al. showed that
the outcomes were significantly worse for those older
than 30 years.41 Following failure of standard immuno-
suppressive therapy this option could be offered to all
patients who have a donor and have no other con-
traindication to undergo an allogeneic SCT. 

CONDITIONING REGIMEN
Currently, the combination of cyclophosphamide and
antithymocyte globulin (ATG) is considered the best
conditioning regimen for patients with a diagnosis of
AA undergoing an HLA-identical related trans-
plant.38,40,43,44 In a majority of studies, use of irradia-
tion was associated with lower rejection rates but sig-
nificantly higher TRM. A recent retrospective analysis
by Ades et al. illustrates this40 (Figure 42.2).  In the set-
ting of alternate donors, such as MUD SCT, the opti-
mal regimen remains to be defined. A publication by
Deeg et al. suggests that cyclophoshamide with ATG
may not be sufficient in this setting.45 The same group
used escalating doses of TBI with cyclophosphamide
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and ATG and concluded that the addition of 2-Gy TBI
to cyclophosphamide and ATG was associated with the
best result of 67% survival at 2 years.46 Use of
Fludarabine-based and other RIC, both in the setting
of related and alternate donors, remains to be evalu-
ated in large studies.

CYTOKINE MOBILIZED PBSC VERSUS BONE MARROW
In the setting of AA, there are no randomized control
trials that have studied the benefit or disadvantages of
one over the other source of stem cells. As with other
allogeneic SCT, cytokine mobilized PBSC transplants
are associated with faster engraftment, yet it is unclear
if this translates to a superior outcome. Marsh et al.
report that in personal communications the retrospec-
tive analysis of both European Blood and Marrow
Transplant Group and the International Blood and
Marrow Transplant Registry have shown significantly
worse survival with PBSC versus bone marrow trans-
plants (60% vs. 75%).47 In the setting of transplanting

patients with SAA who have received multiple transfu-
sions prior to their transplant, it has been reported
that the use of PBSC improves the outcome.48

ALTERNATIVE DONOR SCT 
MUD transplants 
Using the NMDP, around 70% of Caucasian patients
are likely to find an HLA-matched donor; for other eth-
nic groups the chances are much lower. Retrospective
analysis of the NMDP data reported a 2-year survival of
29% for 31 patients with SAA.49 Better results were
published from the Milwaukee group and the Fred
Hutchinson Cancer Center Group, with 2-year sur-
vivals of 58% and 67%, respectively, using a more
intensive conditioning regimen.46,50 MUD transplants
as first-line therapy remain experimental, and are asso-
ciated with high morbidity and mortality. Guidelines
from a group of experts suggest that it be reserved for
patients who have failed two courses of immunosup-
pressive therapy.51
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Partially matched family donor
The chance of having a one antigen mismatched fam-
ily donor is 5–7% in North America and Europe.47

Usually these transplants are done as a last resort in
patients who have been clinically deteriorating with a
poor performance status. The results in his setting
have been dismal, with a high mortality from graft
failure, GVHD, and infection.52,53

Other donors
There is insufficient data with cord blood and hap-
loidentical donors to recommend this as a standard
approach for patients with SAA. Umbilical cord blood
has been used in a small number of patients.54,55 Its use
is limited to small recipients because of the low num-
ber of stem cell progenitors. Recent recommendations
suggest that it be considered for patients who have
failed immunosuppressive therapy and are eligible for
an allogeneic SCT.51

CONCLUSION
An allogeneic SCT is a curative therapeutic option for
patients with a diagnosis of SAA or VSAA. All patients
below the age of 40 years who have an HLA-identical

related donor should be considered for this procedure
as first-line therapy. In this group of patients the out-
come of an allogeneic SCT is superior to that of
immunosuppressive therapy, with a 75–90% chance of
long-term survival. In addition, unlike with immuno-
suppressive therapy, there is a much lower risk of late
relapses and development of clonal disorders.
Conditioning regimens for patients undergoing an
HLA-identical related donor should preferably be free
of irradiation, and it appears that cyclophoshamide
combined with ATG is optimal in this setting.
Preliminary retrospective analyses suggest that for
HLA-identical related transplants for AA, the use of
PBSC is associated with a worse outcome compared to
bone marrow. Alternate donors should not be consid-
ered for front-line therapy and should be limited to
patients who have failed immunosuppressive therapy.
For alternate donor transplants, the use of cyclophos-
phamide with ATG as a conditioning regimen is prob-
ably inadequate and further intensification is justified
to reduce the risk of graft rejection and improve out-
comes.  Figure 42.3 outlines an algorithm that could
be used to decide on the appropriate management of a
patient with SAA or VSAA.
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INTRODUCTION

The myelodysplastic syndromes (MDS) have heteroge-
neous clinical characteristics, morphologic features,
cytogenetics, and clinical outcomes that can make
management of patients with these disorders difficult.
This clinical and prognostic heterogeneity can compli-
cate the planning of therapy. The different therapeutic
goals for patients with MDS vary according to age, per-
formance status, the severity of cytopenia and its asso-
ciated complications, risk of progression to acute
myeloid leukemia (AML), and other factors, such as
socioeconomic status. 

The clinical objectives may differ according to the
patient’s age or other factors. For example, older
patients or those with poor physical health might be
unable to withstand aggressive treatment compared to
younger patients in better health who can more easily
overcome the complications associated with high-
intensity therapies. Similarly, the therapeutic goals also
differ depending on the patient’s risk of progressing to
AML. In general, the main objectives for low-risk
patients are to improve cytopenias and their associated
complications, and quality of life (QOL); in contrast,
the main goal for high-risk patients, especially younger
patients, is to achieve complete remission (CR) and
then to eradicate the malignant clone through
chemotherapy and possibly stem cell transplantation.

Because a variety of strategies can be used to treat
patients with MDS according to prognosis and chance
of a cure, and because the goals of treatment may vary,
physicians should evaluate the responses in the con-
text of these goals. Therefore, a consensus should be
reached on the use of reliable MDS prognostic classifi-
cation schemes and on standardized response criteria
when designing clinical trials and evaluating different
treatment options. 

This chapter reviews the state of the art on the
assessment of responses to treatment, prognosis, and
follow-up of patients with MDS.

RESPONSE CRITERIA

In the past, the treatment for the vast majority of
patients with MDS consisted of supportive care to mit-
igate cytopenia-related complications, which involved
mainly red blood cell (RBC) transfusions and growth
factor use to avoid symptomatic anemia. Only patients
who progressed to AML were treated more aggres-
sively, usually with chemotherapy similar to that used
to treat AML; these patients were then assessed using
the same criteria as those to assess the response to ther-
apy for patients with AML. 

The algorithm used to treat patients with MDS has
become much more complex recently for several rea-
sons. First, reliable prognostic classification systems
have been developed to best determine the natural his-
tory of MDS (discussed further below) and to identify
different prognostic subgroups. Second, several thera-
pies have been developed that influence outcome and
QOL in each identifiable prognostic subgroup. Third,
the responses are now evaluated according to the goals
of each therapeutic approach. Thus, clinicians and
investigators encounter greater variability in the defin-
itions of the responses to MDS than in the past, mak-
ing it difficult to interpret and compare results
between clinical trials.

To resolve this variability in the response criteria, an
international working group of investigators with
expertise in MDS has achieved a consensus to establish
standardized response criteria for clinical trials involv-
ing patients with MDS1–3 (Table 43.1). This working
group looked for clinically relevant, practical, and
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Table 43.1 Measurement of response/treatment effect in MDS

ALTERING DISEASE NATURAL HISTORY
1. Complete remission (CR)

Bone marrow evaluation: Repeat bone marrow showing less than 5% myeloblasts with normal maturation of all cell lines, with
no evidence for dysplasia.a When erythroid precursors constitute less than 50% of bone marrow nucleated cells, the percenage
of blasts is based on all nucleated cells; when there are 50% or more erythroid cells, the percentage blasts should be based on
the nonerythroid cells.
Peripheral blood evaluation (absolute values must last at least 2 months)b:

Hemoglobin greater than 11 g/dL (untransfused, patient not on erythropoietin)
Neutrophils 1500/mm3 or more (not on a myeloid growth factor)
Platelets 100 000/mm3 or more (not on a thrombopoetic agent)
Blasts, 0%
No dysplasiaa

2. Partial remission (PR) (absolute values must last at least 2 months):
All the CR criteria (if abnormal before treatment), except:
Bone marrow evaluation: Blasts decreased by 50% or more over pretreatment, or a less advanced MDS FAB classification than
pretreatment. Cellularity and morphology are not relevant.

3. Stable disease
Failure to achieve at least a PR, but with no evidence of progression for at least 2 months.

4. Failure
Death during treatment or disease progression characterized by worsening of cytopenias, increase in the percentage bone
marrow blasts, or progression to an MDS FAB subtype more advanced than pretreatment.

5. Relapse after CR or RR—one or more of the following:
a) Return to pretreatment bone marrow blast percentage
b) Decrement of 50% or greater from maximum remission/response levels in granulocytes or platelets
c) Reduction in hemoglobin concentration by at least 2g/dL or transfusion dependencec

6. Disease progression
a) For patients with less than 5% blasts: a 50% or more increase in blasts to more than 5% blasts
b) For patients with 5–10% blasts: a 50% or more increase to more than 10% blasts
c) for patients with 10–20% blasts: a 50% or more increase to more than 20% blasts
d) For patients with 20–30% blasts: a 50% or more increase to more than 30% blasts
e) One or more of the following: 50% or greater decrement from maximum remission/response levels in granulocytes or

platelets, reduction in hemoglobin concentration by at least 2 g/dL, or transfusion dependencec

7. Disease transformation
Transformation to AML (30% or more blasts)

8. Survival and progression-free survival (see Table 43.2)

CYTOGENETIC RESPONSE
(Requires 20 analyzable metaphases using conventional cytogenetic techniques.)

Major: No detectable cytogenetic abnormality, if preexisting abnormality was present.
Minor: 50% or more reduction in abnormal metaphases.
Fluorescent in situ hybridization may be used as a supplement to follow a specifically defined cytogenetic abnormality.

QUALITY OF LIFE
Measured by an instrument such as the FACT Questionnaire.
Clinically useful improvement in specific domains:

Physical
Functional
Emotional
Social
Spiritual

HEMATOLOGIC IMPROVEMENT (HI)
(Improvements must last at least 2 months in the absence of ongoing cytotoxic therapy.)b

Hematologic improvement should be described by the number of individual, positively affected cell lines (e.g. HI-E; HI-E � HI-N;
HI-E � HI-P � HI-N).
1. Erythroid response (HI-E)

Major response: For patients with pretreatment hemoglobin less than 11 g/dL, greater than 2 g/dL increase in hemoglobin; for
RBC transfusion-dependent patients, transfusion independence.
Minor response: For patients with a pretreatment hemoglobin less than 11 g/dL, 1–2 g/dL increase in hemoglobin; for RBC
transfusion-dependent patients, 50% decrease in transfusion requirements.

2. Platelet response (HI-P)
Major response: For patients with a pretreatment platelet count less than 100 000/mm3, an absolute increase of 30 000/mm3

or more; for platelet transfusion-dependent patiens, stabilization of platelet count and platelet transfusion independence.



reproducible definitions of responses that could be
used easily by investigators and clinicians from differ-
ent institutions. The working group defined the
response categories to best evaluate the major thera-
peutic goals of therapy in MDS: (1) controlling symp-
toms resulting from cytopenia; (2) improving QOL,
including minimizing the toxicity of therapy; and (3)
altering the natural history of the disease by improv-
ing overall survival or decreasing progression to AML.

PROGNOSIS OF MDS

As stated previously, the clinical and prognostic het-
erogeneity of MDS confers an additional difficulty
when planning therapy. Some patients experience
prolonged survival and remain symptom-free for
many years, whereas others die within a few weeks or
months after diagnosis. Overall, the median survival
is nearly 19 months and the risk of AML evolution is
35% at 5 years.3a Most patients die as a consequence of
cytopenia-associated complications, in the presence
or absence of AML transformation. However a signifi-
cant number of patients die of causes unrelated to the
disorder. Although the French–American–British (FAB)
classification4 has been relatively effective in catego-
rizing MDS patients, it has some limitations in the
clinical setting. These limitations include the wide
range of marrow blast percentages in patients classified
as having refractory anemia (RA) with excess blasts
(RAEB) or chronic myelomonocytic leukemia, the fail-
ure to consider some important biologic determinants
such as marrow cytogenetics, and the degree and num-
ber of cytopenias. These well-accepted problems in
categorizing patients with MDS have led to the devel-
opment of many additional risk-based stratification
systems, which are reviewed critically in this chapter. 

PROGNOSTIC FACTORS
Studies on prognostic factors in MDS have identified
several patient and disease characteristics that are
highly associated with survival or leukemic transfor-
mation, or both (Table 43.2). Although a number of
characteristics may influence the prognosis of MDS,
the percentage of bone marrow (BM) blasts, cytoge-
netic pattern, and number and extent of cytopenias
are currently considered the most powerful prognostic
factors in these disorders.3a,5,6

BM blasts
Increased BM blast percentage has generally been asso-
ciated with poorer prognosis for survival and with
leukemic transformation in MDS patients. A Spanish
group showed,7 and others have confirmed,8,9 that
adding an extra cutoff point of 10% to the generally
accepted 5 and 20% FAB criteria clearly improved the
prognostic value of this variable.

Cytogenetics
Several series have reported the prognostic impact on
survival and leukemic risk of several types of marrow
chromosomal abnormalities, although only recently
has this variable been shown to have independent
prognostic value.8–11 Sequential cytogenetic studies are
valuable tools during follow-up.12,13 The appearance of
chromosomal abnormalities in a patient with a previ-
ously normal karyotype or the emergence of addi-
tional aberrations is associated with disease progres-
sion and shorter survival. This finding may be of
particular value in patients with RA and RA with
ringed sideroblasts (RARS). However, it should be
stressed that chromosomal stability does not preclude
the development of AML. In fact, the majority of MDS
patients do not show chromosomal changes at the
time of acute leukemic transformation.3a,13
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Minor response: For patients with a pretreatment platelet count less than 100 000/mm3, a 50% or more increase in platelet
count with a net increase greater than 10 000/mm3 but less than 30 000/mm3.

3. Neutrophil response (HI-N)
Major response: For absolute neutrophil count (ANC) less than 1500/mm3 before therapy, at least a 100% increase, or an
absolute increase of more than 500/mm3, whichever is greater.
Minor response: for ANC less than 1500/mm3 before therapy, ANC increase of at least 100%, but absolute increase less than
500/mm3.

4. Progression/relapse after HI: One or more of the following: a 50% or greater decrement from maximum response levels in
granulocytes or platelets, a reduction in hemoglobin concentration by at least 2 g/dL, or transfusion dependence.c

For a designated response (CR, PR, HI), all relevant response criteria must be noted on at least two successive determinations at least 1 week
apart after an appropriate period following therapy (e.g., 1 month or longer).
aThe presence of mild megaloblastoid changes may be permitted if they are thought to be consistent with treatment effect. However, 
persistence of pretreatment abnormalities (e.g., pseudo-Pelger-Hüet cells, ringed sideroblasts, dysplastic megakaryocytes) is not consistent
with CR.
bIn some circumstances, protocol therapy may require the initiation of further treatment (e.g., consolidation, maintenance) before the 2-
month period. Such patients can be included in the response category into which they fit at the time the therapy is started.
cIn the absence of another explanation such as acute infection, gastrointestinal bleeding, hemolysis and so on.

Adapted from Cheson BD, Bennett JM, Kantarjian H, et al.: Report of an international working group to standardize response criteria for
myelodysplastic syndroms. Blood 96:3671–3674, 2000; used with permission.



Cytopenias
Of various peripheral blood cell counts, platelet counts
and hemoglobin level have a greater prognostic weight
than neutrophil counts.7 Several studies have demon-
strated that the greater the severity and the higher the
number of cytopenias, the worse the survival and the
higher the risk of leukemic evolution.7,9

Other characteristics
Other variables with prognostic value, but of lesser
importance, include age (which reflects a poorer tol-
erance to cytopenia-associated complications and the
impact of other comorbid conditions associated with
older age rather than a more aggressive clinical
course)7,9; FAB classification7; gender (worse progno-
sis for male patients, which may be explained to some
extent by the greater life expectancy of women in
industrialized countries)7; percentage of blasts in
peripheral blood7; presence of immature myeloid pre-
cursors and nucleated RBCs in peripheral blood7;
degree of multilineage dysplasia in RA and RARS (as
in the recent World Health Organization [WHO] pro-
posals of classification of MDS14)15–21; marrow
basophilia or eosinophilia,22 serum lactate dehydro-
genase (LDH) level (which may provide an indirect
measure of ineffective hematopoiesis and leukemic
burden)23; and some BM biopsy findings, such as
abnormal location of immature myeloid precursors
(ALIP), hypercellularity, and fibrosis.5,6,24 Other char-
acteristics, such as serum �-2-microglobulin level,25

in vitro growth pattern of granulocyte-macrophage
progenitors,26 plasma soluble interleukin 2 receptor
level,27 plasma levels of soluble vascular endothelial
growth factor receptor 1,28 and magnetic resonance
imaging pattern29 have been also implicated in MDS
prognosis. Several flow cytometry parameters have
been shown to influence the outcome of disease,30

including the expression of CD7, CD10, and CD15 by
BM blasts,31 and the number of CD34-positive cells in
the peripheral blood.32 A prognostic scoring system
based exclusively on flow cytometry data has been
reported to predict the outcome after allogeneic stem
cell transplantation.33

The recent progress in understanding the biology
of MDS has led to studies of new prognostic parame-
ters to predict outcome. A greater degree of apoptosis
in the BM, as measured by different techniques, has
been associated with longer survival and time to
develop AML.34–45 Mutations of ras, fms, and p53
genes, which reflect genomic instability, occur more
frequently in patients with poor prognosis and are
associated with shorter survival and a higher risk of
leukemia.46,47 The level of expression of WT1, mea-
sured by real-time quantitative polymerase chain reac-
tion (PCR), has a strong direct relationship with the
percentage of blasts in the BM and the presence of
chromosomal abnormalities.48 Telomere stability,
another marker of genomic instability, is frequently
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Table 43.2 Prognostic factors identified in patients
with MDS

Clinical
Age Advanced (60 years)
Sex Male
Systemic symptoms Presence
Etiology Therapy related

Hematologic
In peripheral blood

Platelets Lower counts
Hemoglobin Lower level
Neutrophils Neutropenia
Leukocytes Leukopenia or 

leukocytosis
Blasts Presence

In bone marrow
Blasts Higher percentage
Micromegakaryocytes Presence
Basophilia/eosinophilia Higher percentage

Dysplasia Multilineal (2/3 lines)a

Marrow biopsy findings
Cellularity Increased
ALIPb Presence
Dysmegakaryopoiesis Severe
Fibrosis Presence

FAB classification RAEB, RAEBTc

Biochemical parameters
LDH Increased
�-2-microglobulin Increased

Cytogeneticsd Complex (�2 abnor
malities)
Monosomy 7/del(7q)

Molecular genetics
N-RAS mutation Presence
p53 deletion Presence
FMS mutation Presence
p15 methylation Presence
WT1 expression Higher
VEGFR-1 expression Higher

Marrow culture studies
Number of colonies Lower
Number of clusters Higher
Colony-to-cluster ratio Low
Leukemic pattern Presence

Immunophenotype
CD34-positive cells Higher proportion
Immature-to-mature Increased
cell ratio
CD7-positive blasts Higher percentage
in marrow

Marrow apoptosis Increased

Characteristic Unfavorable value

a As defined by the WHO classification.
b ALIP denotes abnormal localization of immature precursors.
c RAEBT denotes refractory anemia with excess blasts in transformation.
d Favorable categories are normal karyotype, and del(5q), del(20q),

and �Y as single abnormalities.



impaired in high-risk MDS. Patients with shortened
terminal restriction fragments, measured by the PCR-
based twin reversed arterial perfusion assay, have a
significantly lower hemoglobin level, higher percent-
age of BM blasts, higher incidence of cytogenetic
abnormalities, and a higher risk of leukemic transfor-
mation.37 The incidence of inactivation by methyla-
tion of the p15 gene is higher in patients with �10%
BM blasts and increases with progression to AML.49,50

Preliminary evidence suggests that gene profiling
could also have prognostic value in MDS patients.51,52

Information on the prognostic relevance of these new
biological factors, however, is still scarce. Further stud-
ies that include a larger number of cases and multi-
variate analyses are needed before this evidence can
be accepted and used in the clinical management of
patients.

PROGNOSTIC SCORING SYSTEMS
Research on prognostic factors has led to the develop-
ment of several scoring systems, some of which
incorporate cytogenetic factors.3a,5,6

Scoring systems without karyotype analyses
Table 43.3 shows the main prognostic scoring sys-
tems proposed for MDS that do not include cytoge-
netic factors. The Bournemouth score was the first
proposed scoring system. Patients were assigned to
one of three risk groups based on the number of
cytopenias present and the proportion of blasts in the
BM.53 The main criticism of this system is the empha-
sis on blood cytopenias in relation to the proportion
of blasts in the BM.7 The scoring system proposed by
the Spanish group uses the proportion of BM blasts,
platelet count, and age.7 This system is easy to use
and has been demonstrated to predict survival in

other series, including untreated patients and
patients treated with granulocyte colony-stimulating
factor or AML-type chemotherapy.6,55,56 The Goasguen
score uses only two cytopenias (hemoglobin and
platelets) and blasts in the BM,54 and the Düsseldorf
score includes these same variables and the serum
LDH concentration.23

Scoring systems with karyotype analyses
Table 43.4 shows the main prognostic scoring systems
proposed for MDS that include cytogenetic factors.
The Lille group was the first to incorporate cytogenet-
ics in a prognostic score of MDS,8 though only cases
with complex abnormalities were considered as a high-
risk group. An International MDS Risk Analysis
Workshop was convened to improve the clinical and
prognostic utility of scoring systems, to better define
the cytogenetic risk categories, and to develop a con-
sensus prognostic risk-based analysis system. This
workshop published the International Prognostic
Scoring System (IPSS) in 1997.9 The IPSS includes the
proportion of blasts in the BM, cytogenetics, and num-
ber of cytopenias. Combining the risk scores for these
three major variables allows patients to be stratified
into four distinctive risk groups according to both
survival and AML evolution; the risk scores are low
(0 points), intermediate-1 (0.5–1.0 points), intermedi-
ate-2 (1.5–2.0 points), and high (�2.5 points). The
overall median survival was 5.7, 3.5, 1.2, and 0.4 years
for low-, intermediate-1-, intermediate-2-, and high-
risk patients, respectively (Figure 43.1). The time taken
for 25% of the patients in each of the four risk groups
to evolve toward acute leukemia was 9.4, 3.3, 1.1, and
0.2 years, respectively. Survival of low-risk patients was
strongly related to age, with median survival times of
11.8 years in patients �60 years of age, 4.8 years in
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Table 43.3 Prognostic scoring systems without karyotype analyses for patients with MDS

Scoring system 0 1 2 Risk group Score

Bournemouth53

Hemoglobin (g/dL) �10 �10
Neutrophils (�109/L) �2.5 and �16 �2.5 and �16 Low 0 or 1
Platelets (�109/L) �100 �100 Intermediate 2 or 3
Marrow blasts (%) �5 �5 High 4

Spanish7

Marrow blasts (%) �5 5–10 11–30 Low 0 or 1
Platelets (�109/L) �100 51–100 �50 Intermediate 2 or 3
Age (years) �60 �60 High 4 or 5

Goasguen54

Hemoglobin (g/dL) �10 �10 Low 0
Platelets (�109/L) �100 �100 Intermediate 1 or 2
Marrow blasts (%) �5 �5 High 3

Düsseldorf23

Marrow blasts (%) �5 �5 low (A) 0
Platelets (�109/L) �100 �100 Intermediate (B) 1 or 2
Hemoglobin (g/dL) �9 �9 High (C) 3 or 4
LDH (U/L) �200 �200



patients of 61–70 years, and 3.9 years in patients �70
years of age.9

Scoring systems, particularly the IPSS, are useful for
defining the outcome and for designing and accurately
analyzing therapeutic trials in patients with MDS. The
IPSS has proven its value in several series of untreated

patients,10,57–60 and in series of patients treated with
intensive chemotherapy61 or stem cell transplantation.62

Because of its clinical value and simplicity, the IPSS has
gained universal acceptance and is now used to decide
the most appropriate therapy in an individual patient
and to design clinical trials in patients with MDS.
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Table 43.4 Main prognostic scoring systems with karyotype analyses for patients with MDS

Points
Scoring system 0 0.5 1 1.5 2 Risk group Score

Lille8a

Marrow blasts (%) �5 5–10 11–30 Low 0
Karyotypeb Good poor Intermediate 1 or 2
Platelets (�109/L) �75 �75 High 3 or 4

IPPS9 Low 0
Marrow blasts (%) �5 5–10 11–20 21–30 Intermediate-1 0.5–1
Karyotypec Good Intermediate Poor Intermediate-2 1.5–2
Cytopeniasd 0 or 1 2 or 3 High 2.5–3.5 

a For leukemic risk, only blasts in BM and karyotype are considered.
b Good, normal, single abnormalities; poor, complex (�2) abnormalities.
c Good, normal, del(5q) only, del(20q) only, �Y only; intermediate, �8, single miscellaneous, double abnormalities; poor, very complex
(�2) abnormalities, chromosome 7 abnormalities.

d Cytopenias, hemoglobin �10 g/dL, platelets �100 � 109/L, neutrophils �1.8 � 109/L

Figure 43.1 Surival (a) and freedom from AML evo-
lution (b) of MDS patients related to their classification
by the IPSS for MDS: low, intermediate-1, (Int-1), Int-
2, and high (Kaplan-Meier curves). (Adapted from
Greenberg P, Cox C, LeBeau MM, et al.: International
scoring system for evaluating prognosis in myelodys-
plastic syndromes. Blood 89:2079–2088,1997; used
with permission)
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44Chapter 44
TREATMENT OF RELAPSED OR
REFRACTORY MYELODYSPLASTIC
SYNDROMES AND NEW 
FRONTIERS IN MYELODYSPLASTIC 
SYNDROME THERAPY
Huma Qawi, Naomi Galili, and Azra Raza

INTRODUCTION

Myelodysplastic syndrome (MDS) is not a single dis-
ease, but rather a group of disorders affecting the bone
marrow. Therefore, no single approach is likely to be of
universal benefit to all patients. In fact, one way to
consider the complexity of MDS is to think of it as
being to the bone marrow what pneumonia is to the
lungs—the response of an organ to a variety of
assaults, such as aging, toxic exposure, infections, and
autoimmunity. Among infections of the lungs alone,
pneumonia could be the result of a variety of possible
pathogens, including bacteria, viruses, tuberculous, or
fungal agents. Similarly, MDS is the response of the
bone marrow to a variety of unknown insults and can-
not be treated as a single disease. Until recently, there
was no approved treatment for MDS, but as of May
2004, 5-azacytidine (a methyltransferase inhibitor) has
been approved by the Food and Drug Administration
(FDA) in the United States for use in all subtypes of
MDS. Most patients who will then fall in the category
of relapsed or refractory disease will include those who
have received some sort of supportive care (SC) in the
form of transfusions or growth factors, and most likely,
a trial of 5-azacytidine. Subsequent treatment options
would depend upon the type of MDS and general con-
dition of this predominantly elderly group of patients.
For those with high-risk disease, the danger comes
from a rapid transformation toward acute leukemia,
while for those with low-risk disease, it is the deepen-
ing profundity of cytopenias, which pose a potentially
lethal threat of bleeding or infection. This chapter will
outline the new types of treatments that have emerged
to treat these patients and summarize some of the clin-
ical responses already seen in preliminary clinical trials.

HIGH-RISK MDS

High-risk MDS, for this discussion, refers to patients
belonging to the intermediate-2 (int-2) or high-risk
International Prognostic Scoring System (IPSS) categories.
As blast cells in these patients are continuously increasing
and the probability of transforming into acute myeloid
leukemia (AML) is high, therapeutic intervention is
essential. Chemotherapeutic agents have traditionally
been used, especially busulfan, VP-16, topotecan, and
low-dose cytosine arabinoside alone or in combination.1

More recently, a better understanding of the molecular
mechanisms underlying the evolution of malignancy has
produced new classes of drugs that have proved to be
quite successful. These drugs, in addition to DNA methyl-
transferase inhibitors, include histone deacetylase
(HDAC) inhibitors, farnesyl transferase inhibitors (FTIs),
tyrosine kinase inhibitors (TKIs), and arsenic trioxide
(ATO). The cellular targets of these drugs are varied and
include, either singly or in combination, the chromatin
structure of the MDS cell, cytoplasmic regulatory proteins
that are essential for cell proliferation, survival, and cell
death, and cellular receptors that respond to cytokines of
the bone marrow microenvironment.

DNA METHYLTRANSFERASE INHIBITORS
Gene silencing due to hypermethylation is the most
common epigenetic modification in human malignan-
cies.2 Unlike genetic changes involving mutations or
deletions, this modification is potentially reversible,
making it attractive as a therapeutic target. Hyper-
methylation of the chromatin is caused by an increase in
DNA methyltransferase I activity; this enzyme covalently
links a methyl group to the 5-position of cytosine of CpG
residues typically found in gene promoter regions (CpG

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 
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islands). Normally, unmethylated CpG islands are pro-
tected from hypermethylation. This protection is lost in
neoplastic cells due to the increase in DNA methyltrans-
ferase activity. The methylated promoters bind specific
proteins, which then recruit transcriptional corepressors.
These complexes lead to transcriptional silencing
through chromatin remodeling. DNA hypermethylation
of promoter regions of tumor suppressor genes leads,
ultimately, to uncontrolled cell proliferation. Several of
the DNA methyltransferase inhibitors are S-phase spe-
cific, making inhibitors of these agents the logical agents
for cancer therapy. In the late 1960s, 5-azacytidine (Aza-
C) was developed as an antitumor agent for the treat-
ment of AML.3 Aza-C, an analog of cytosine, is incorpo-
rated into the DNA but, unlike cytosine, cannot be
methylated at position 5. In addition, Aza-C binds
directly to and inhibits methyltransferase. The drug also
exerts cytotoxic and cell-differentiating properties by
unknown mechanisms. Most recently, as described
below, Aza-C has received attention as a therapeutic
agent for MDS, leading to the recent full FDA approval
for Aza-C on May 19, 2004, for MDS patients of all sub-
types. This is the very first agent to be fully approved by
the FDA for the treatment of MDS.

The pivotal phase III study for Aza-C was a random-
ized controlled Cancer and Leukemia Group B (CALGB)
trial carried out in 191 patients with MDS of all sub-
types.4 Half of the patients received Aza-C 75 mg/m2

subcutaneously for 7 days every 4 weeks for a minimum
of 16 weeks, and half received only SC. A 60% overall
response was found in patients on the treatment arm
(7% complete response (CR), 16% partial response (PR),
and 37% with hematologic improvement (HI)), with tri-
lineage responses in 23% of patients. Only 5% of those
on the observation arm showed hematologic improve-
ment (P � 0.001). Furthermore, when a subset of 49
patients from the observation arm crossed over to the
treatment arm, a 47% response was achieved, once
again with 10% achieving a CR, 4% a PR, and 33% with
clinical improvement. The median duration of response
was 15 months, but the most striking observation in
this study was the significantly longer median time to
transformation to acute leukemia and longer median
survival in patients receiving treatment: 21 months,
versus 12 months for the observation-only patients.
Patients initially treated with Aza-C showed a median
survival of 18 months in comparison to 14 months for
the early crossover arm, and 11 months for those
crossed over after 6 months or not crossed over at all.

Aza-C is a pro-drug for 5-aza-2�-deoxycitadine
(decitabine, DAC), a pyrimidine nucleoside analog that
has completed a phase III clinical trial. Aza-C is first
converted to DAC before incorporation into DNA. It
then binds and irreversibly inhibits DNA methyltrans-
ferase. DAC is a strong inhibitor of DNA methylation,
and like Aza-C has been used for the treatment of high-
risk MDS. In a phase II trial by Wijermans et al., 66
MDS patients received DAC 45 mg/m2/day every 8 h
for 3 days every 6 weeks, for a maximum of 6 cycles.5

The overall response rate was 49%, with a 64%
response rate in those with an IPSS high-risk score.
There were 34 CRs, with a median response duration of
31 weeks. However, there was an 8% toxic death rate,
with a delayed onset of cytopenias. In a subsequent
study using the same drug regime, 16 out of 50 patients
with clonal cytogenetic abnormalities developed nor-
mal karyotypes after treatment with DAC,6 responses
lasting for a median of 7.5 months. This study also
noted correlation of cytogenetic responses to survival.

Saba et al. have recently shown responses and better
tolerance in a phase III multicenter trial of 170 MDS
patients treated with DAC.7 DAC was administered at 15
mg every 8 h for 3 days every 6 weeks. The response rate
by International Working Group (IWG) criteria was 35%
(10% CR, 15% PR, and 10% HI) for DAC versus 0% for SC
(P � 0.001). Time to response was 100 days, and the
median duration was estimated at �9 months. There
were no significant differences in mortality rates on treat-
ment, and no treatment-related deaths. As expected,
grade III-IV toxicity (mainly hematologic) occurred more
in DAC patients than in SC patients. Most patients toler-
ated the treatment well; discontinuation due to toxicity
as primary reason was reported in 9% of DAC patients.

The correlation between methylation status and clini-
cal response, however, is not yet clear. The suppressor
genes p15 and p16 inhibit cyclin-dependent kinases and
are frequently hypermethylated in hematologic neo-
plasias, including AML and MDS. Bone marrow
mononuclear cells from patients with high-risk MDS
were examined for p15/INK-4B and p16 methylation sta-
tus during treatment with DAC.8 Hypermethylation of
the 5� p15 region was detected in 15 of 23 (65%) patient
samples examined. After treatment, 9 of 12 patient sam-
ples showed a decrease in methylation, which was asso-
ciated with clinical responses in these patients. However,
response to the drug was also seen in patients without
hypermethylation. Thus, DAC may work by multiple
mechanisms, and direct clinical correlation to methyla-
tion status cannot be assumed at this time.

More recently, a phase I trial of prolonged exposure
to lower doses of DAC was conducted in 50 patients,
mostly with AML/MDS.9 Patients were given four dif-
ferent doses of DAC: 5 mg, 10 mg, 15 mg, and 20
mg/m2/day i.v. over 1 h for 10 days. All doses were well
tolerated and responses were noted even in the lowest
doses. There was a 65% response rate at the 15 mg/m2

dose with no increase in response after dose escalation
or prolongation to 15 and 20 days. In this study, there
was no correlation noted between p15 methylation at
baseline or after therapy and response to DAC. Hence,
DAC appears to be an effective therapy for MDS with
manageable toxicity, and its role in light of the recent
FDA approval for Aza-C remains to be determined.

HISTONE DEACETYLASE INHIBITORS
Chromatin remodeling is part of the epigenetic changes
seen during neoplastic transformation. While promoter
hypermethylation is associated with silencing of tumor
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suppressor genes, it is not the only modification that
controls chromatin condensation and promoter activ-
ity. Posttranslational modifications, such as acetyla-
tion, methylation, and phosphorylation of histone
proteins comprising the chromatin nucleosomes, are
responsible for formation of complexes that control
gene expression. Typically, acetylation of the lysine
residues in the histone “tail” by acetyltransferases
(HAT) leads to “open” transcriptionally active chro-
matin, whereas deacetylation, dependent on histone
deacetylases (HDAC), leads to “closed” inactive chro-
matin. HDAC activity is associated with promoter
methylation, and it is the combination of both that
contributes to promoter inactivation.10 As therapeutic
reactivation of tumor suppressor genes has gained the
attention of drug companies, multiple HDAC
inhibitors have been investigated. Since HDAC
inhibitors are often cell-cycle and tissue specific, these
agents have been found to exert pleiotropic effects.

Butyrate is an acetylating agent that has been used to
induce expression of fetal hemoglobin in sickle cell ane-
mia and thalassemia, but proved unsuccessful for the
treatment of AML in phase II trials.11 Sodium phenylbu-
tyrate (PB), a derivative thought to be deliverable in oral
form, has been shown to induce histone acetylation,
p21 expression, G1 cell-cycle arrest, and apoptosis in
vitro.12 In a trial conducted by Gore et al.,13 PB was
given for 7/28 or 21/28 days to MDS and AML patients,
with improvement in thrombocytopenia and neutrope-
nia seen in a small number of patients. A dose-limiting
toxicity of reversible encephalopathy was due to accu-
mulation of phenylacetate. Currently, oral forms of PB
are being investigated. Valproic acid, an oral antiepilep-
tic agent, SAHA (suberoylanilide hydroxamic acid), and
FK 228 (with FDA approval for cutaneous T-cell lym-
phoma) are newer HDAC inhibitors currently undergo-
ing clinical trials.

As chromatin remodeling involves a balance
between CpG methylation and histone modification, a
phase I trial of sequential administration of Aza-C and
PB was initiated in MDS. The dose de-escalation trial of
varying doses of Aza-C followed by a 7-day continuous
infusion of PB was well tolerated, with significant clin-
ical responses.14 Additional studies combining DAC
with valproic acid are underway, with monitoring of
methylation, acetylation, and gene re-expression.

FARNESYL TRANSFERASE INHIBITORS (FTIS)
The family of Ras proteins are components of multiple
cellular pathways essential for cell proliferation, growth,
and survival. Addition of the carbon farnesyl group to
these cytoplasmic proteins allows them to be transported
to the cell membrane, where they are integral to signal
transduction pathways. The enzyme farnesyl transferase
mediates the farnesylation process. Ras mutations are
found in �20% of MDS patients, but are more common
in chronic myelomonocytic leukemia (CMMoL). Ras,
however, may be activated by other proteins that simi-
larly require farnesylation, and therefore its expression

may be controlled by multiple mechanisms. Small mole-
cules that can selectively and competitively inhibit far-
nesyl transferase (FTIs) have been developed for clinical
use, and two, tipifarnib (R115777) and lonafarnib
(SCH66336), have been studied in high-risk MDS.

A phase I trial of R115777 in 21 MDS patients of all
subtypes, reported by Kurzrock et al.,15 established the
maximum tolerated dose of 600 mg b.i.d. Of note, only
two of the six responders had Ras mutations, and no cor-
relation between Ras mutation status and response was
detected in this initial study. In a phase II trial by the
same group,16 28 MDS patients were given R115777 600
mg twice a day, 4 weeks on, 2 weeks off, to increase expo-
sure to the drug. There were two complete responses,
both of which did not possess a Ras mutation. Eleven of
27 patients discontinued treatment due to toxicity, with
more than 60% of patients experiencing myelosuppres-
sion, fatigue, and nausea. The phase II study therefore
concluded that lower doses should be used in future tri-
als. A separate phase II study done in patients with poor-
risk AML or MDS using 600 mg b.i.d. every 4–6 weeks
yielded responses in 12 of 30 patients (2 CRs and 8 PRs),
with stabilization of disease in 12 patients.17

List et al. conducted a phase I study of continuous
dosing of lonafarnib (SCH66336) in advanced CML,
MDS, CMMoL, or AML.18 Twenty-nine percent of
patients showed clinical improvement, and dose-
limiting toxicity was diarrhea and hypokalemia at 300
mg b.i.d. In a phase II trial by Feldman et al.,19 67 MDS
patients with RAEB/RAEB-T or CMMoL were given lon-
afarnib 200 mg b.i.d. and a 29% response was seen.
There were two complete responses, and 10 patients
showed hematologic improvement. In this study, 26%
of patients discontinued therapy due to grade III and
IV toxicities. Current phase III trials are being con-
ducted with lower doses of single-agent FTIs for longer
periods of time, which may be useful for previously
untreated patients and those with minimal residual
disease. There is limited data to suggest a synergistic
effect with chemotherapy,20 but identifying specific
molecular targets within the cell cycle may lead to use-
ful combinations of FTIs and chemotherapeutic
agents, each affecting a different stage of the cycle.

TYROSINE KINASE RECEPTOR INHIBITORS (RTKI)
These agents inhibit signaling pathways activated by
ligand binding to vascular endothelial growth factor
(VEGF) receptors (VEGFRs) and other type III recep-
tors, including c-kit, Flt-3, platelet-derived growth fac-
tor receptor � (PDGFR�), and basic fibroblast growth
factor (bFGF). By selectively mimicking ATP, these
molecules impair autophosphorylation of the tyrosine
kinase domain of the receptor (RTK). SU5416 is a
small, lipophilic, highly protein-bound, synthetic RTK
inhibitor of VEGFR-2. SU5416 binds to the ATP
domain on the kinase, affecting VEGF-dependent cell
proliferation. In a human colon cancer xenograft
model, this molecule inhibits tumor metastases,
microvessel formation, and proliferation. Like other
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RTKIs, SU5416 also targets c-kit (expressed in AML
blasts in 60–80% patients) and Flt-3 (mutated in about
30% of AML patients), prompting clinical studies for
the treatment of AML and MDS.

A multicenter phase II study was conducted in
patients with refractory AML (n 
 33) or MDS (n 
 22),
all of whom received 145 mg/m2 of SU5416 twice
weekly i.v. for a median of 9 weeks.21 Eleven patients
could not complete 4 weeks of therapy (mainly due to
disease progression). Three patients had a partial
response and one had a hematologic response. Phase I
and II studies are ongoing with SU11248 and two
other RTKIs, PTK/ZK and AG13736, alone or in combi-
nation with chemotherapy.22–24

Imatinib mesylate (Gleevec)
The first FDA-approved and best known TKI, imatinib
mesylate, has been shown to be potent for the inhibition
of the BCR/ABL tyrosine kinase in chronic myeloid
leukemia (CML). Like other RTKIs, imatinib also inhibits
two other tyrosine kinases, PDGFR and c-kit, at similar
concentrations. A small percentage of CMMOL patients
express PDGFR fusion genes involving four partner
genes. This is now a distinct phenotype classified by the
World Health Organization (WHO) as CMMoL-Eos, with
reciprocal translocations on chromosome 5q33. Imatinib
interacts with the ATP-binding pocket of PDGFR� kinase
associated with the translocation [e.g., t(5;12)(q33;p13)],
much like its interaction with BCR/ABL in CML.

Four patients with CMMoL harboring a t(5;12), three
of whom had the associated fusion gene ETV6/PDGFR�,
were treated with imatinib.25 Hematologic responses
were achieved within 4 weeks of starting treatment,
and normal counts were maintained for up to 1 year.
Even more impressive was the disappearance of the
translocation t(5;12) by 12 weeks in three patients and
by 36 weeks in the fourth patient.

Raza et al. treated 16 CMMoL patients lacking translo-
cations of the PDGFR� gene with imatinib. No responses
were seen,26 further confirming the specificity of the drug
for this target. Another phase II study of 18 MDS, CMMoL,
and AML patients, all lacking the fusion gene, showed no
responses.27 Although c-kit is expressed in over 80% of
AML and MDS patients and imatinib is thought to inhibit
c-kit, in this study no responses were achieved. These
results were also seen in some solid tumors, where ima-
tinib has failed to show any significant responses as
monotherapy, despite the expression of c-kit.

PROTEOSOME INHIBITORS (PS-341, BORTEZOMIB)
Proteosomes are enzymes that mediate many critical
cellular regulatory signals by degradation of the regu-
latory proteins or their inhibitors and, therefore, are
potential therapeutic targets for cancer. Activity of sev-
eral proteins shown to be overexpressed in MDS, such
as nuclear factor �B (NF-�B), AP1, and E2F1, is partly
dependent upon the 26S proteosome that can be selec-
tively inhibited by bortezomib (formerly PS-341). This
agent has been approved in 2003 for use in patients

with relapsed multiple myeloma, and is currently
being investigated in MDS trials.

Thirty-two patients with MDS were treated with
bortezomib at Rush University Medical Center.28 All
patients were treated at 1.5 mg/m2 once weekly for 4
weeks followed by a 2-week recovery. Twenty patients
received at least two cycles; five patients (25%) had sta-
ble disease and seven (35%) showed a partial response.
Further studies in MDS with bortezomib are awaited.

DNA TOPOISOMERASE I INHIBITOR: 
TOPOTECAN (HYCAMTIN)
Topotecan binds to DNA topoisomerase I and stabilizes
the complex formed between topoisomerase I and
DNA, which leads to DNA strand breakage and cell
death. This agent has been successfully used as a sin-
gle-agent treatment and in combination for patients
with AML and MDS. The noncumulative and
reversible nature of its hematologic cytotoxicity is
attractive for induction therapy.

The activity of single-agent topotecan was evaluated
by Beran et al. in 60 patients with MDS or CMMoL.29

The dose used was 2 mg/m2 by continuous infusion for
5 days every 4–6 weeks for 2 courses, and then at 1-2
mg/m2 for 5 days every 4–8 weeks for a maximum of 12
courses. Thirty-one percent of patients achieved a CR,
including 8/11 with cytogenetic remissions. Those
with no previous treatments had higher CRs (43%), but
overall there were significant toxicities. These included
severe mucositis and diarrhea, febrile neutropenia in
85%, and 47% patients had documented infections,
with a mortality rate of 20% in the first 4 weeks. The
median survival was 10.5 months, with a median
remission duration of 7.5 months.

The same group used a combined regimen of topote-
can at a lower dose (1.25 mg/m2) with cytarabine (1.0
mg/m2) in patients with MDS and CMMoL.30 Fifty-six
percent of patients had complete responses overall, with
up to 72% CR in those with poor-prognosis karyotypes
and secondary MDS. This regimen was much better tol-
erated, with fewer hematologic and nonhematologic tox-
icities. Lower response rates (33% CR and 38% PR) with
topotecan and cytarabine have been reported in more
recent trials.31 Forty-five MDS patients were treated at
Rush University in Chicago, in a phase II trial using a
combination of topotecan and thalidomide.32 Topotecan
2.0 mg/m2 was given for 5 days every 21 days for three to
five cycles, with thalidomide starting at 100 mg/day
(maximum dose 300 mg) for a year. This lower dose of
topotecan was well tolerated; only four patients discon-
tinued therapy due to toxicity, and three patients died of
infection/progressive disease. Of 38 evaluable patients,
20% had HI and 29% had stable disease. Responses were
seen in all subtypes, and one third of patients showed a
�50% reduction in bone marrow blasts.

ARSENIC TRIOXIDE
Arsenic trioxide (ATO), the active ingredient in
Fowler’s solution, has been used to lower white blood
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cell counts since 1878. It remained in use until the
advent of radiation therapy and the use of modern
chemotherapeutic drugs. The drug re-emerged as an
antileukemia agent in the 1990s, with the report from
Chinese investigators that remissions of up to 90%
were seen in patients with acute promyelocytic
leukemia (APL).33 The FDA approved ATO for use in
relapsed/refractory APL in September 2001.

ATO has a wide spectrum of biologic activity, which
makes it an ideal drug to use in the treatment of MDS.
ATO binds to proteins with available sulfhydryl
groups, causing disruption of the membrane potential
of the mitochondria, releasing cytochrome c with sub-
sequent activation of caspase effectors, and initiation
of apoptosis. ATO has antiangiogenic properties,
resulting in suppression of VEGF synthesis from
myeloid cells, as well as significant antiproliferative
activity, in part related to modulating cytokine release
and interfering with cell-cycle progression. In addi-
tion, ATO can promote histone acetylation through
activation of the mitogen-activated protein kinase
(MAPK) signaling pathway, and can promote differen-
tiation by modulating gene expression. It is also
known to inhibit DNA methyltransferase, an impor-
tant epigenetic target, as discussed above.

List et al. conducted a phase II study in which 53
MDS patients (median age 69) with both low/int-1 and
int-2/high-risk groups received ATO 0.25 mg/kg,
Monday to Friday for two consecutive weeks every 28
days. Response was evaluated every 8 weeks.34

Hematologic responses were observed in 7 of 28 evalu-
able patients (25%). Responses were maintained for 2
months and often noted after 8–22 weeks after starting
treatment. Immunosuppression was the primary
adverse effect, although a small number of patients
suffered from cardiac and pulmonary toxicities.

Similar results were reported by another group, who
treated MDS patients on a slightly different regimen.35

Here, ATO was given as a 1-h i.v. infusion, with a load-
ing dose of 0.30 mg/kg/day for 5 days, and maintenance
with 0.25 mg/kg/day twice weekly for 15 weeks or more.
Patients were evaluated at 8 weeks. Eighty-one patients
were enrolled with a median age of 67 years, of all IPSS
groups. Hematologic responses, mostly erythroid, were
achieved in 13 of 50 evaluable patients. There was a
5/19 (26%) response in low-risk and 8/31 (26%)
response in high-risk patients. Once again, responses
were seen after 6–22 weeks. Forty-four patients had sta-
ble disease for up to 6 months while on study.

Combinations of ATO with other agents
Combining ATO with the antiangiogenic agent
thalidomide, Raza et al. has recently shown that sev-
eral MDS patients harboring an inv(3)(q21q26.2)
abnormality achieved trilineage responses.36 This sug-
gested that perhaps a gene(s) on chromosome 3 may
be interacting with ATO to inhibit clonal proliferation.
The human EVI-1 gene, located at chromosome 3q25-
q28, has been shown to inhibit transcription of GATA-1

target genes and impair responsiveness of erythroid
precursors to erythropoietin.36 This suggested that per-
haps EVI-1 deregulation has a role in the pathogenesis
of MDS and/or response to this therapeutic regime.
EVI-1 was found to be abnormally expressed in five
patients, with three out of five patients responding
especially well to therapy.37 Accordingly, EVI-1 expres-
sion may be a useful preselection criterion for therapy
with ATO �/� thalidomide.)

LOW-RISK MDS

Patients with low-risk MDS should be considered for
therapy only if they are receiving frequent transfusions
or their disease is showing progression with increasing
severity of cytopenias, appearance of new cytogenetic
abnormalities, rise in blasts, or multiple incidents of
bleeding and infection. At this point, it is appropriate to
consider placing such a patient on an experimental pro-
tocol. The hallmark of MDS is proliferation in the pres-
ence of excessive intramedullary programmed cell
death. The presence of an excess of proinflammatory
cytokines, especially tumor necrosis factor � (TNF�), an
increase in microvessel density (MVD) with clear evi-
dence of neoangiogenesis, and a poorly defined
immunologic component have all been demonstrated
in a subset of MDS patients. These biologic insights sug-
gested experimental therapeutic approaches, including
antiangiogenic therapies, anticytokines (especially anti-
TNF), cytoprotection, and immune modulation.

ANGIOGENESIS
There is considerable increase in MVD in the bone mar-
row of patients with MDS.38 The most extensively stud-
ied cytokine thought to be responsible for the develop-
ment of neovascularization is VEGF.39 Others, such as
TNF� and bFGF are also involved, but VEGF appears to
be the major player. VEGF and its type III receptor are
overexpressed by myeloblasts and monocytes derived
from the malignant clone. The increase in MVD in the
bone marrow is associated with a higher percentage of
blasts, which in turn correlates with increased levels of
VEGF, TNF�, and bFGF. This has been shown in MVD
studies where ALIPs (abnormal localized immature pre-
cursors) within the bone marrows of MDS patients
express higher levels of VEGF and VEGFR, specifically
VEGFR-1. VEGF has multiple activities: stimulating
release of proteases from endothelial cells resulting in
degradation of the extracellular matrix; recruiting
mediators of apoptosis, such as TNF� and soluble Fas
(CD95) ligand; and activating cell adhesion molecules.
VEGF also stimulates engraftment of myeloid leukemic
and hematopoietic stem cells and regulates maturation
of receptor-positive cells, thus stimulating endothelial
cell maturation while inhibiting hematopoietic pre-
cursor, osteoblast, and dendritic cell maturation.
VEGF deregulation can thus have severe repercus-
sions on effective hematopoiesis.
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ANTIANGIOGENESIS AGENTS
Many of the agents described in the above sections,
such as the FTIs, TKIs, and ATO, exhibit multiple
modes of action, including regulation of VEGF activity.

Thalidomide is an antiangiogenesis agent that
inhibits cellular response to VEGF and proliferation of
cells that express the VEGF receptor, and also has sig-
nificant anti-TNF properties. Thalidomide and its
analogs are described below. Other agents that have
shown activity in a subset of low-risk patients include
matrix metalloprotease inhibitors, which block the
end results of VEGF’s paracrine effects, i.e., extracellu-
lar matrix degradation, and the monoclonal antibody
to VEGF, bevacizumab.

Thalidomide
Thalidomide was used in the sixties as a sedative and
antiemetic agent. Severe teratogenic effects, however,
led to its removal from the market. It has been rein-
troduced over the last decade for the treatment of ENL
(erythema nodosum leprosum) and received FDA
approval for this indication in 1998. It is currently
used in combination with dexamethasone, in place of
conventional chemotherapy, for the initial manage-
ment of multiple myeloma. The drug has been found
to have multiple mechanisms of action that would
make it an ideal therapeutic agent in various cancers,
especially melanoma, multiple myeloma, and MDS.
These include accelerating degradation of TNF� RNA
message; potent inhibition of angiogenesis via its
action on VEGF and bFGF, and inhibition of the tran-
scriptional regulator NF-�B.40–42 In addition, thalido-
mide alters cellular adhesion and stimulates the Th1
immune response, possibly enhancing an antitumor
response.43 Thus, thalidomide shows anti-TNF�,
antiangiogenic, and immune-modulatory properties.

A phase II trial was conducted at Rush University
Medical Center in which 83 MDS patients of all subtypes
were given thalidomide 100 mg once a day escalating to
a target dose of 400 mg a day.44 The overall response rate
was 19%. Fifty-one patients were evaluable at 12 weeks,
of whom 16 (almost 30%) had an erythroid response
using the IWG criteria, 2/3 of which were major
responses, most of those becoming transfusion indepen-
dent or achieving a �50% reduction in transfusion
requirements. Improvement in thrombocytopenia or
neutropenia was less significant. The most common rea-
son patients were unable to complete the trial was due to
toxicities, namely neuropathy, constipation, fatigue, and
fluid retention at a dose beyond 200 mg a day. For 10 of
the 16 responders, the median time to response was
16–20 weeks, and the majority of responders had lower
risk disease: refractory anemia (RA) or refractory anemia
with ringed sideroblasts (RARS), or a low or int-1 IPSS.

The North Central Cancer Treatment Group study,
N998B, was a phase II multicenter trial with more
aggressive dose escalation to 1000 mg/day of thalido-
mide, and was closed early due to excessive grade III

toxicities in more than 85% of patients at a median
interval of less than 2.5 months.45 In those patients
who tolerated treatment, median time to response was
once again not reached until 16 weeks. A national, ran-
domized phase III, placebo-controlled trial to assess
overall clinical benefit of low-dose thalidomide in MDS
patients with low-risk disease is nearing completion.

Thalidomide analogs
Lenalidomide (Revlimid) A more potent analog of
thalidomide, CC-5013 or lenalidomide, is currently
under investigation. CC-5013 is an oral immunomodu-
latory derivative (ImiD) of thalidomide that lacks the
neurotoxicity of its parent compound, but shows 100-
fold higher anti-TNF activity and 50–2000-fold higher
potency for stimulating T-cell proliferation. In addition,
CC5013 has antiangiogenic and antiapoptotic proper-
ties. It inhibits VEGF signaling in endothelial cells and
myeloblasts, increasing adhesion of hematopoietic
progenitors to bone marrow stroma, which results in
sustained growth arrest and preferential extinction of
myelodysplastic clones.46 It also downregulates adhe-
sion molecules and apoptosis inhibitory proteins,
thereby increasing receptor-induced apoptosis.

The safety and efficacy of lenalidomide was studied
in 45 patients with MDS with RBC transfusion-depen-
dent disease or symptomatic anemia.47 Patients
received treatment with one of three CC5013 doses: 10
or 25 mg daily or 10 mg/day for 21 days every 4 weeks.
Patients were assessed at 8 and 16 weeks according to
IWG criteria. Thirty-three patients were evaluable for
response after completing 8 weeks or more of therapy.
Most patients (88%) were in the low/int-1 risk group.
Twenty-one (64%) patients achieved an erythroid
response, 19 of which were major responses; major
cytogenetic responses (�50%) were achieved in 11 of
17 informative patients, with restoration of normal
cytogenetics in 10. Erythroid responses were higher in
those with RA or low/int-1 IPSS score or del(5q31-33).
In this subset of patients with del(5q), there was also
resolution of megakaryocytic dysplasia, but not a sig-
nificant reduction in bone marrow blast percentage.
MVD as well as bone marrow and plasma VEGF levels
were decreased in responders. Multicenter phase II tri-
als have completed in patients with 5q� syndrome
and non 5q� low/int-1 MDS.

Soluble TNF� receptor (etanercept )
Etanercept is a dimer formed of the two monomers of
the extracellular p75 TNF receptor fused to the Fc por-
tion of human type 1 immunoglobulin. It neutralizes
the TNF� levels by competitive binding.48

Raza et al. administered etanercept at a dose of 25 mg
twice weekly for 12 weeks to 20 patients.49 Eighteen
patients were evaluated, and while the drug was well 
tolerated there were no complete responders. Improve-
ments in absolute neutrophil count (ANC) and platelets
were seen in some patients, especially those with normal



cytogenetics and a hypercellular bone marrow, but no
improvement in the erythroid series could be docu-
mented with this approach. However, etanercept com-
bined with thalidomide was effective in improving the
cytopenia of some patients with MDS. Once again, the
responses were restricted to 30–40% of MDS patients.

Infliximab
Infliximab is a chimeric human–murine monoclonal
antibody capable of neutralizing both free and 
membrane-bound TNF�. It has been used as a TNF sup-
pressor in MDS patients.50 Infliximab was given to 37
low-risk MDS patients in two cohorts: 5 and 10 mg/kg
intravenously every 4 weeks for four cycles. Twenty-
eight patients completed the four cycles. Infliximab
successfully produced a variety of responses in about
20% of low- to intermediate-risk MDS patients, includ-
ing multilineage responses.

Matrix metalloprotease inhibitors (MMPIS)
These compounds result in antiangiogenesis by
inhibiting the matrix metalloproteases (zinc-depen-
dent endopeptidases) of the extracellular matrix,
thereby altering integrin-mediated cell adhesion.
MMPis also promote local release of the proteoglycan-
(membrane)-bound forms of VEGF, TNF�, and soluble
Fas ligand. AG3340 is a potent, oral selective MMPi.

AG3340 (Prinomastat) was administered to 34 MDS
patients of all subtypes in a phase II multicenter random-
ized trial.51 Patients were given either 5 mg or 15 mg daily
and those who responded after 16 weeks were contin-
ued on therapy. Of 28 evaluable patients, 4 had major
erythroid responses, with a median time to response of
12 weeks and median duration of response of 29+
weeks, being sustained for over a year after the end of
treatment. The higher dose caused increased arthralgias
and myalgias and the benefit appeared to be more sig-
nificant in those patients with a lower risk disease.

Bevacizumab
Bevacizumab is a recombinant, anti-VEGF, humanized
monoclonal antibody recently approved for the treat-
ment of metastatic colon cancer. Neutralization of VEGF
has also been shown to inhibit TNF� production by the
bone marrow. There is only limited experience in MDS,
with a phase II study52 in which bevacizumab was given
at a dose of 10 mg/kg every 2 weeks for 4 months, with
major hematologic responses occurring in 2 of 10 evalu-
able patients, after 4 months of treatment.

CYTOPROTECTIVE AGENTS
Aminothiols
Organic thiols neutralize free radicals generated in
tissues exposed to cytotoxic drugs. Amifostine is a
phosphorylated aminothiol initially developed as a
radioprotective agent at the Walter Reed Army
Institute in the 1970s. Following administration,
amifostine is phosphorylated by tissue alkaline phos-

phatase, an enzyme with greater activity in normal tis-
sue than in tumor tissue. Active free thiol thus accu-
mulates in the normal tissue, neutralizing the destruc-
tive free radicals. Thus, amifostine has been used as a
radio- and cytoprotective agent for the treatment of
solid tumors. In addition, amifostine protects primi-
tive hematopoietic progenitors from chemotherapy-
induced toxicity and stimulates hematopoiesis in pre-
clinical models and in vitro studies.53

List et al. conducted a phase I/II study of 18 MDS
patients with dose escalation of amifostine up to 400
mg/m2 three times a week or 740 mg/m2 weekly for 3
weeks.54 Single or multilineage responses were seen in
83% of patients receiving three times weekly doses,
which were optimized at 200 mg/m2: 14 patients had a
neutrophil response, 6 had improvement in thrombocy-
topenia, and 5 patients had a 50% reduction in red cell
transfusion requirements. Raza et al. reported the use of
amifostine in combination with pentoxifylline (P),
ciprofloxacin (C), and dexamethasone (D) in 35 MDS
patients.55 Pentoxifylline is a xanthine derivative that
interferes with the activity of proapoptotic cytokines,
such as TNF�, IL-1�, and tumor growth factor � (TGF�).
Ciprofloxacin was added as a pharmacologic inhibitor of
the hepatic metabolism of pentoxifylline and dexam-
ethasone to downregulate mRNA translation of TNF�.
Twenty-nine patients completed at least 12 weeks of
treatment; most patients had low- to intermediate-risk
MDS. Pentoxifylline was given at 800 mg three times a
day, ciprofloxacin 500 mg twice a day, and dexametha-
sone 4 mg a day for 4 weeks was added to partial and
nonresponders at 12 weeks. Amifostine was given at
200, 300, and 400 mg/m2 (i.v. or s.q.) doses three times a
week along with daily PCD therapy. An improvement in
cytopenias was observed in 76% of patients, and 50% of
patients had a �50% decrease in transfusion require-
ments. However, there was no correlation seen between
response rate and the dose of amifostine given.

VITAMIN D
Vitamin D is a potent inhibitor of proliferation and
induces cellular differentiation and maturation in
vitro. Low levels of vitamin D have been found in
some cases of AML and MDS. Bone marrow biopsies of
several MDS patients with low normal levels of vita-
min D showed depressed bone turnover without osteo-
porosis or osteomalacia. These findings are suggestive
of osteoclast dysfunction, with a decrease in osteoblast
recruitment and function.

There have been reported cases of improvement in
blood counts after treatment with vitamin D, with
some benefit reported in AML patients, accompanied,
however, with toxic levels of vitamin D and hyper-
calemia.56 Vitamin D may also induce cell differentia-
tion through oncogene regulation, as leukemia cell
lines showed a decrease in c-myc RNA levels after
exposure to the drug calcitriol (a vitamin D derivative) in
vitro. Blockage of cell differentiation is not characteristic
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of low-risk MDS, and vitamin D response in these
patients is thought to be mediated by antiapoptotic
effects, as observed in neoplastic cell lines.57

Nineteen patients with low- to intermediate-risk
MDS were treated with vitamin D analogs: 5 patients
received 266 	g of calcifediol three times a week, and
the other 14 received calcitriol (1,25(OH)2D3), the
most active analog of this hormone, with escalating
doses from 0.25 to 0.75 	g/day.58 With a mean follow-
up of 26 months, there was 1 response in the calcife-
diol group and 10 responses (2 major responses) on
calcitriol. Hypercalcemia was not observed, but no cor-
relation was found between baseline levels of vitamin
D levels and the presence of response.

IMMUNOMODULATION
Antithymocyte globulin/cyclosporine
Antithymocyte globulin (ATG) is derived from the
serum of either rabbits or horses immunized with
human thoracic duct lymphocytes. ATG suppresses
cytotoxic and potentially inhibitory T lymphocytes, and
also has an indirect effect on hematopoiesis through
augmentation of hematopoietic growth factor release
from T cells and stromal cells. ATG stimulates cellular
differentiation, and has been successfully used to treat
patients with aplastic anemia (AA).

Hypoplastic MDS, although a distinct entity from
AA, has some pathophysiologic similarities, specifically
T-cell-mediated immune suppression of hematopoiesis.
There is evidence of an increase in cytotoxic T-cell activ-
ity, a higher percentage of CD8� cells, as well as skew-
ing of T-cell receptor V� complimentarity-determining
region 3 (CDR3). This immune dysfunction in MDS is
also found in low-risk MDS patients, with fewer than
10% blasts. It is reasonable, therefore, to treat hypocel-
lular MDS patients with the same immunomodulation
therapy that has been used for patients with AA, i.e.,
ATG and cyclosporine. These patients showed favorable
responses, especially patients with HLA-DR2, HLA-
DR15, or those with a paroxysmal nocturnal hemoglo-
binuria (PNH) phenotype (i.e., CD55 and CD59 nega-
tive). Other factors that are predictive for response to
ATG are thought to be bone marrow cellularity �30%,
shorter duration of red cell transfusions, and age �60
years. This therapy has recently been extended to RA
and RAEB-1 patients in several small trials.

In a trial by Molldrem et al., unselected MDS
patients with RA and refractory anemia with excess
blasts (RAEB) were given rabbit ATG 40 mg/kg/day for 4
days, with an overall response rate of 44%.59 Higher
responses of 64% were seen in patients with RA, 81% of
whom maintained transfusion independence for a
median of 36 months. This included 48% of those with
severe thrombocytopenia and 55% of those with severe
neutropenia. A follow-up with a total of 61 patients was
reported in 2002, with an overall response of 34%.60

Subsequently, in a study of a select group of 30
patients with low-risk MDS and �10% blasts, horse
ATG 1.5 vials/10kg/day was given for 5 days.61 Ten of

20 evaluable patients responded and became transfu-
sion independent, with a median duration of response
of 15.5 months, and 62% of the RA patients
responded. Only one patient had normal counts at the
6-month follow-up, and there was no relationship
between age, gender, cytogenetic clone, bone marrow
cellularity, and response.

In a trial of 32 unselected MDS patients (RA,
RAEB/RAEB-T, or CMMoL) treated with ATG, cyclo-
sporine, and prednisone, only one CR and four PRs
were achieved (OR 16%).62 Another small phase II trial
of eight MDS patients treated with ATG and pred-
nisone showed no responses; although three patients
had the HLA-DR15 allele, this did not improve
responses, and toxicities were significant.63 The role of
ATG therefore remains limited to patients with
hypocellular MDS, especially those with specific phe-
notypic features, as described above.

FUTURE OF EXPERIMENTAL 
THERAPY IN MDS

A number of single agents belonging to different classes
of drugs have now been found to be of benefit for sub-
sets of MDS patients. Targeted therapies, such as ima-
tinib for patients with fusion proteins resulting from
abnormalities of 4(q12) or t(5;12), and lenalidomide in
patients with 5q–, are likely to remain restricted to small
subsets of MDS patients. For the vast majority of both
low- and high-risk patients, the challenge is to match
the right drug with the individual needs of the patient.
While ever-evolving biologic insights are providing a
better and more healthy rationale for specific therapies,
the ability to administer a single drug as a result of such
insights is still a faraway dream. In AML, both ara-C and
anthracyclines as single agents produced complete
responses in approximately 30% of patients. It was only
when the two drugs were combined in the so-called 7 +
3 regimen that we began to see the synergy and additive
effects, with remission rates in the 60–70% range.
Applying the same lessons to MDS, it is clear that while
we are finally starting to witness responses to single-
agent therapy in subsets of patients, the future lies in
developing combination trials. As a general rule, it
would be worthwhile to consider combining agents
that target the clone of MDS cells with those that target
the bone marrow microenvironment, so that both the
seed and the soil are simultaneously affected. Examples
of future combination trials would be the use of agents
like DNA methyltransferase inhibitors, FTIs, TKIs, and
arsenic with antiangiogenic, anti-TNF, and immune-
modulatory drugs. In the final analysis, it is an exciting
time to be involved in translational research in MDS as
the last two decades have taken us from having nothing
to offer our patients save supportive care, to having
almost an embarrassment of riches. One drug has
already been approved for use in this disease, and sev-
eral others are approaching approval.
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INTRODUCTION

Chronic myeloproliferative disorders (CPMDs) are char-
acterized by the chronic proliferation of one or more of
the three hematopoietic cell lines or by marrow stromal
cells, in various proportions. Polycythemia vera (PV),
idiopathic myelofibrosis (IMF), chronic myelogenous
leukemia (CML), and essential thrombocytosis (ET)
have been traditionally classified as “chronic myelopro-
liferative disorders.”1 These disorders are believed to
originate from a clonal transformation of a multipotent
hematopoietic progenitor cell, resulting in an overpro-
duction of one or more of the myeloid (i.e., granulo-
cytic, erythroid, and megakaryocytic) lineages in the
absence of a defined stimulus.2 In contrast to the inef-
fective erythropoiesis observed in the myelodysplastic
syndromes, the proliferating cells show relatively nor-
mal maturation, with a resultant increase in granulo-
cytes, red blood cells, and/or platelets in the peripheral
blood. Other features shared by these disorders include
splenomegaly and hepatomegaly from extramedullary
hematopoiesis; marrow hypercellularity, megakary-
ocytic hyperplasia, and dysplasia; chromosomal abnor-
malities of chromosomes 1, 8, 9, 13, and 20; leukemic
skin infiltrates, and spontaneous transformation into
acute blast phase or bone marrow failure due to myelofi-
brosis or ineffective erythropoiesis.3–6 The diagnosis of

individual entities is therefore complicated by their
overlapping features. The presence of the BCR/ABL
fusion gene in association with characteristic morpho-
logic and clinical findings permits an unequivocal diag-
nosis of CML. However, no specific chromosomal or
molecular markers exist uniformly for the other condi-
tions. Diagnosis of the other conditions is made on the
basis of clinical, laboratory, and morphologic findings,
which can be misleading. For example, approximately
10% of patients in one study of IMF actually had PV,
while many patients initially diagnosed as ET had PV,
instead.7–8

As CML is discussed in detail in Chapters 16–22, we
will concentrate on the Philadephia (Ph)-chromosome-
negative CMPDs.

CLASSIFICATION

The classification of CMPDs is based on the lineage of
the predominant proliferating cells and the promi-
nence of marrow fibrosis, taken together with a con-
stellation of clinical and laboratory features.  

The World Health Organization (WHO) classifica-
tion system6 identifies seven conditions under the cat-
egory of CMPDs, as shown in Table 45.1.

Tefferi9 classified ET, PV, and IMF as CPMDs. The
CMPDs, in turn, are members of a broader class of
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“clonal” stem cell processes operationally designated
as the chronic myeloid disease groups (CMDs).

The classification of chronic myeloid disorders is
shown in Table 45.2. The classification system is some-
what arbitrary, as features may overlap between
myelodysplastic syndrome (MDS) and CMPD. The
identification of specific disease-causing mutations
similar to the Ph chromosome in CML is hoped to
pave the path toward a molecular classification system
of CMDs.

EPIDEMIOLOGY

The CMPDs are primarily seen in the adult population,
with a peak in the fifth to seventh decades of life. The
combined annual incidence of the CMPDs is approxi-
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mately 6–9/100,000 people.6 The first epidemiologic
data were based on a large population study published
by Prochazka and Markowe.10 The incidence of PV in
Europe and North America is similar, with eight to ten
cases per million individuals per year.11 PV varies from
2 cases per million individuals per year in Japan to 13
per million per year in Australia.6

In a population-based study in Olmsted County,
Minnesota, from 1935 to 1989, the age- and sex-adjusted
incidence rate of PV was 1.9/100,000 person-years.12 In
the same county, in another population-based study
from 1976 to 1995, the authors reported an approxi-
mate annual incidence of 2.5, 2.3, and 1.3 per 100,000
for ET, PV, and de novo agnogenic myeloid metaplasia
(AMM), respectively. In a report from the United
Kingdom, from 1984 to 1993, 2376 cases of CMPDs,
including ET, PV, and AMM, were reported.13 The stan-
dardized incidence rate was 2.27/100,000 person-years
for all three conditions. The incidence rate per 100,000
for PV, ET, and AMM was 0.92, 0.79, and 0.57, respec-
tively. Although in adults the true incidence of chronic
idiopathic fibrosis is not known, it is estimated to be
between 0.5 and 1.5 per 100,000 individuals per
year.9,14 The true incidence for chronic neutrophilic
leukemia (CNL) is unknown, as fewer than 100 cases
have been reported.6 In a study of 660 cases of chronic
leukemias of myeloid origin, not one single case of
CNL was observed.15 Chronic eosinophilic leukemia
(CEL) and hypereosinophilic syndrome (HES) are rare
diseases. As it is often difficult to distinguish between
the two, the true incidence of these conditions is
unknown. It appears that approximately 10–20% of all
cases of CPMDs may be unclassifiable.6

PV appears to be more common in men than in
women, with reported male-to-female ratios ranging
from 1.2 to 2.2 in various studies.11–13,16 In the 1000
cases of ET in a study by McNally et al., there was no dif-
ference between the sexes. An age-specific (30–50 years)
female preponderance in ET was seen, however. More
males were affected by AMM. Males are more com-
monly affected by CEL and HES than females, with a
male-to-female ratio of around 9:1 in HES.6

CMPDs are diseases of older individuals, with low
rates until age 50, and a peak in incidence from 60 to
80 years of age.11,13,16 The maximum incidence of PV
exceeded 20/100,000 person-years in the Olmsted
County data. The median age of presentation is similar
in ET, PV, and AMM, being 55–65 years. The mean age
at diagnosis of PV has been increasing steadily since
the 1920s.13,16,17 A few cases of PV diagnosed under the
age of 40 have been reported.18 The age-specific mor-
tality calculated by Prochazka and Markowe10 showed
a sharp increase beginning in the early 40s, with the
age-specific mortality reaching a maximum in the 75-
and 84-year age group. CNL has been reported in both
adolescents and older adults.19,20 HES may present at
any age, though its peak incidence is in the fourth
decade of life.21

Table 45.1 WHO classification of chronic
myeloproliferative diseases

Chronic myelogenous leukemia [Ph chromosome, t (9;22)
(q34;q11), BCR/ABL positive]
Chronic neutrophilic leukemia
Chronic eosinophilic leukemia (and the hypereosinophilic
syndrome)
Polycythemia vera
Chronic idiopathic myelofibrosis (with extramedullary
hematopoiesis)
Essential thrombocythemia
Chronic myeloproliferative disease, unclassifiable

Adapted from Jaffe et al.6

Table 45.2 Operational classification of chronic myeloid
disorders

Chronic myeloid leukemia
Myelodysplastic syndrome

IPSS—low risk
IPSS—intermediate risk 1
IPSS—intermediate risk 2
IPSS—high risk

Chronic myeloproliferative disease
Essential thrombocythemia
Polycythemia vera
Myelofibrosis with myeloid metaplasia

Atypical chronic myeloid disorder
Chronic neutrophilic leukemia
Chronic eosinophilic leukemia
Hypereosinophilic syndrome
Chronic basophilic leukemia
Juvenile myelomonocytic leukemia
Chronic myelomonocytic leukemia
Transient myeloproliferative/leukemia syndrome of Down
syndrome
Systemic mast cell disease
Otherwise undefined myeloproliferative disorder

IPSS, International Prognostic Scoring System.



Racial and ethnic factors influence the incidence of
PV. PV is significantly less common in blacks than in
whites. It is also more common in individuals of Jewish
origin (Ashkenazi) than of non-Jewish origin.11,22,23

Familial occurrence of PV has been reported, with a
6% incidence of patients enrolled in the protocols of
the Polycythemia Vera Study Group, and in some spo-
radic cases.24,25

RISK FACTORS

There is no strong evidence that supports the associa-
tion of the CMPDs with environmental exposures. A
number of toxic agents, including lead, saponin, and
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benzene, and the Rauscher and feline leukemia virus,
antigen–antibody complexes, and ionizing radiation
have been shown to cause AMM in experimental ani-
mals.26 The extramedullary hematopoiesis is believed
to be a result of a normal response of mesenchymal
cells to tissue injury. Some reported associations with
AMM include exposure to toluene and benzene.27,28

An increased incidence of AMM was seen in patients
receiving thorotrast.29 The victims of the atomic
bombing in Hiroshima had an 18 times more risk of
AMM than that of the remainder of the Japanese pop-
ulation, with symptoms appearing at an average age of
6 years after the exposure, lending credence to the
thought that radiation or nuclear exposure is a risk fac-
tor for developing AMM.30
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INTRODUCTION

The term myeloproliferative disease (MPD) was first
used in 1951 by Dameshek1 to unify the conditions
chronic myeloid leukemia (CML), polcythemia vera
(PV), and idiopathic myelofibrosis (MF). This group of
entities later included essential thrombocythemia
(ET). The revised WHO classification2 also includes
some newer entities and recognizes an overlap
between myeloproliferative and myelodysplastic disor-
ders (MPD/MDS) (Table 46.1). The WHO classification
of these disorders interestingly does not include sys-
temic mastocytosis, which now resides in a new group
“mast cell diseases.” All these disorders have a predis-
position to developing acute leukemia (usually
myeloid) and/or MF to a variable extent.

This chapter focuses upon the chronic MPDs, with
the exception of CML, and the overlap between

MPD/MDS disorders and mastocytosis. For each disor-
der in turn pathology, cytogenetics, and molecular
biology will be discussed. The molecular basis of many
of these conditions is becoming increasingly apparent
and this has the potential to revise diagnostic path-
ways and to force the review of classification. For
example, the V617F JAK2 mutation discovered in 2005
is present in up to 95% of PV and 50% of ET and MF,
respectively.3–7

The WHO classification places more emphasis, than
do previous diagnostic criteria, upon pathology, in par-
ticular on features of the bone marrow trephine most
especially megakaryocyte morphology (Figure 46.1).
This remains to be fully validated, and although it is
currently undergoing revision, a more substantial revi-
sion may be required in the light of rapid advances in
molecular knowledge (this is reviewed in detail in the
Idiopathic Myelofibrosis Molecular Biology section
and Figure 46.2). When all MPDs (excluding CML) are
considered, cytogenetic abnormalities in order of fre-
quency are �Y, �8, �9, �7, del(20)(q11q13), del
(13)(q12q14), del(5)(q13q33), and del(12)(p12).
Conventional cytogenetics remain the evaluation of
choice, but for rarer specific abnormalities (e.g., FIP1L1
PDGFR�) either RTPCR or FISH would be required.
Deletion of chromosome 20q is probably one of the
best characterized abnormalities in MPD and although
a minimal common deleted region has been identified,
no genes have yet been classified. For the common
Philadelphia negative MPDs as discussed in this chap-
ter, the most consistent and highly prevalent molecu-
lar abnormality akin to BCR/ABL for CML is V617F
JAK2.3–7 The discovery of thrombopoietin triggered
further interest in this and other cytokines in MPDs,
and much molecular research has relatively fruitfully
focussed in this field. Indeed a recent mutation in the
cognate receptor cMPL has been identified in a small
proportion of patients with ET and MF but thus far
not PV.8,9 A pathogenic theme for the common MPDs
in particular is that somatic mutations at a stem cell
level result in at least two key events—hypersensitivity

Table 46.1 WHO classification of chronic 
myeloproliferative diseases

Chronic myeloproliferative disease
■ Chronic myeloid leukemia
■ Chronic neutrophilic leukemia
■ Chronic eosinophilic leukemia (and hypereosinophilic

syndrome)
■ Polycythemia vera
■ Chronic idiopathic myelofibrosis (with myeloid metapla-

sia)
■ Essential thrombocythemia
■ Mastocytosis
■ Chronic myeloproliferative disease unclassifiable

Mixed myelodysplastic/myeloproliferative disorders
■ Chronic myelomonocytic leukemia
■ Atypical chronic myeloid leukemia
■ Juvenile myelomonocytic leukemia

Myelodysplastic/myeloproliferative disease, unclassifiable
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Figure 46.1 Examples of marrow  pathology features. (A) Large megakaryocyte typical of ET with distinct nuclear
morphology; (B) Scanty reticulin in such cases; (C) Megakaryocyte morphology said to be more in keeping with MF
indistinct nuclear morphology and clustering; (D) Dense reticulin formation; (E) Large megakaryocytes demonstrating
emperipolesis.



to proliferative signals and resistance to inhibitory
ones.

POLYCYTHEMIA VERA 

The dominant feature of polycythemia vera (PV),
also termed polcythemia rubra vera or primary pro-
liferative polycythemia, is the excessive production
of erythrocytes frequently accompanied by increases
in other hematopoietic lineages. To achieve a diag-
nosis of PV it is important to exclude potential
causes of a secondary erythrocytosis. Clinical evalu-
ation, pathology, cytogenetics, and the determina-
tion of erythropoietin levels or demonstration of
spontaneous erythroid colonies are all potentially
useful. Probably the most important diagnostic fea-
ture is now the presence of detectable V617F as it is
only detected in myeloid disorders (principally
MPDs and occasionally leukemias10) and an elevated
hematocrit.

PATHOLOGY OF PV
The blood film may show evidence of iron deficiency,
neutrophilia, and basophilia and occasionally imma-
ture myeloid precursors are seen. The aspirate is usually
hypercellular with increases of erythroid, granulocytic,
and megakaryocytic lineages. The megakaryocytes are
bigger and nuclear lobation is increased. The trephine
biopsy (Figure 46.1) demonstrates a similar extent of
hypercellularity. Often reticulin is increased and may

be significantly increased in 10%11 Erythropoiesis is
morphologically normal but abnormalities of megakary-
ocyte morphology are common. Megakaryocytes are not
only increased but they also have abnormal morphology.
Both large and small forms are seen and emperipolesis is
prominent.12 Iron stores are commonly reduced or
absent. Up to one-third of patients with PV progress to
florid MF in the later stages of their disease, and the
pathological features are then indistinguishable from
primary MF.

CYTOGENETICS
The most common cytogenetic result in PV at diagno-
sis is a normal study; less frequently, the following
abnormalities may occur: �8, �9 (may occur concur-
rently); del(20)(q11q13) is also relatively common. A
number of other abnormalities occur more rarely—
del(1)(p11), del(3)(p11p14), t(1;6)(q11,p21), and t(1;9)
(q10p10).13 Recent studies suggest that abnormalities
of chromosome 9p may be the most common abnor-
mality in PV.14 This may arise due to uniparental dis-
omy resulting in loss of heterozygosity and occurs in
up to 30% of PV.15 This is the location of the JAK2 gene
and mitotic recombination is the mechanism for pro-
gressing from heterozygous to homozygous V617F
JAK2.3,5

MOLECULAR BIOLOGY 
The marked prevalence of the mutation V617F in JAK2
kinase in PV (85–95%)3–7 implies that it is most likely
to be involved in the pathogenesis of this condition.
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V617F JAK2 positive MPD

617F JAK2 negative MPD
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e.g. V617F JAK2; 
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Figure 46.2 Proposed scheme for molecular pathogenesis and classification of chronic MPDs. A primary hit or hits affect a
hematopoietic stem cell and may cause a “pre-MPD stem cell.” Second hits are likely to include V617FJAK2 and
MPLW515L/K and other as yet unidentified mutations. A continuum through ET to advanced disease is proposed where a
potential drive to progression is load of V617F JAK2 due to mitotic recombination and clonal dominance but is likely to also
include other genetic events. 



This is also supported by transplantation studies in
mice who rapidly develop the phenotype of PV and
later also develop fibrosis.4 Here a single point muta-
tion converts a highly conserved valine to a bulky
phenylalanine which is thought to stoichiometrically
affect the interaction between the kinase and
pseudokinase domains of JAK2 (reviewed in Refs. 16
and 17). Studies4–6 have shown that the JAK2 muta-
tion causes cytokine independent activation of JAK-
STAT, P13K-AKT and ERK pathways, these are
involved in erythropoeitin receptor signaling. The
current status of knowledge in relation to the role of
Janus kinases in hemopoiesis and hematological
malignancy has recently been reviewed.16 This muta-
tion potentially explains many of the features previ-
ously reported in PV including hypersensitivity to a
number of other cytokines, granulocyte-macrophage
colony-stimulating factor, stem cell factor, inter-
leukin-3 and insulin-like growth factor 1, and reduced
expression of cMPL.18 In addition to the constitutive
activity of STAT3 reported in a proportion of PV
patients,19 the mRNA for polycythemia rubra vera 1
(PRV-1) is elevated in granulocytes of PV patients20;
overexpression of PRV-1 correlates strongly with
endogenous colony formation in PV, ET, and MF21,22

and also with V617F.23

ESSENTIAL THROMBOCYTHEMIA

The predominant feature of ET is a marked, otherwise
unexplained, thrombocytosis accompanied in a pro-
portion of patients by thrombotic and/or hemorrhagic
features. In the long term, a proportion of patients
develop MF (less commonly than PV) and acute
myeloid leukemia. The evaluation of patient involves
excluding other conditions such as the other MPDs,
MDS, or a reactive thrombocytosis especially for those
50% of the patients in whom the V617F JAK2 muta-
tion is not detectable. 

PATHOLOGY
It is important to scrutinize the blood film when estab-
lishing a diagnosis of ET. Here platelets are increased
and often larger, hypogranular forms are seen as are
megakaryocyte nuclei; a neutrophilia may also be pre-
sent. Features of MDS, MF, iron deficiency, or hypos-
plenism (may be present in ET due to splenic infarction)
should be excluded. The aspirate shows increased
numbers of large, hyperlobated megakaryocytes and
platelet drifts may be prominent. Trephine biopsy
appearances are variable in ET; the marrow is not
always hypercellular but megakaryocytes are always
increased (Figure 46.1). The extent to which megakary-
ocyte morphology can be used to ascertain a definitive
diagnosis of ET, where the megakaryocytes are enlarged
and mature, or furthermore to discriminate between

true ET and a prefibrotic phase of MF24 (a subgroup
with a worse prognosis)25 is unclear. The atypical fea-
tures include immature megakaryocytes with cluster-
ing, cloud-like nuclei, erythroid hypoplasia, and
increased and dysplastic granulopoiesis (Figure 46.1).
It would be very attractive to be able to further subdi-
vide patients prognostically; however, megakaryocyte
morphology is notoriously difficult to reproducibly
assess, and thus far there has been no evaluation of
interobserver variation. The prognostic and diagnostic
significance of varied reticulin density or scoring in ET
remains similarly unclear.

CYTOGENETICS
Almost 95% of ET patients will have normal cytoge-
netics.26 Abnormalities when present are highly vari-
able; MF or progression to leukemia is reported in asso-
ciation with del(13)(q12q14)27 but it is not clear that
this abnormality is predictive of progression. It is
important to use FISH or RTPCR at diagnosis in ET to
exclude the presence of BCR/ABL, where the correct
diagnosis would be CML. 

MOLECULAR BIOLOGY 
ET is a clinically heterogeneous disorder which is
reflected in molecular analyses in these patients.
Indeed a significant proportion of ET patients do not
have clonal hemopoiesis as assessed using X-chromo-
some inactivation patterns and this subgroup may be
at a lower risk of thrombotic complications.28,29 These
findings may also reflect technical limitations or a low
disease burden undetectable against a polyclonal
background.

The V617F JAK2 mutation is detected in 50% of
patients with ET3,30,31 and painstaking analysis of prog-
enitors suggests that in ET it is highly unusual to
detected homozygosity for V617F JAK2.32 The majority
of ET patients negative for V617F JAK2 mutation have
features characteristic of an MPD.33 The V617F positive
ET patients share features in common with PV patients
including higher hemoglobins and white cell
counts30,34 but have features that constrain erythro-
poiesis such as low erythropoietin levels and iron
stores.34 A small proportion of ET patients appear to
have one of two mutations in cMPL in the juxtamem-
brane domain of the intracytoplasmic tail9,35 in mouse
models this recapitulates the clinical features of ET and
MF.9

Most patients with V617F JAK2 negative ET or MF
will continue to be V617F JAK2 negative as suggested
by most published data thus far36,37; potential candi-
dates for molecular aetiology in V617F JAK2 negative
ET are manifold.

There is an emerging evidence for a V617F JAK2
negative subclinical pre-MPD phase most powerful of
which is that in patients previously noted to be V617F
JAK2 positive when a leukemic clone emerges it is 
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frequently V617F negative.36 An alternative explanation
for V617F JAK2 negative leukemia occurring in these
patients is that V617F JAK2 must be lost to induce a
block upon differentiation; however, experiments to
investigate loss of heterozygosity in the appropriate
chromosomal region suggest this is not the case. Most
of these patients had received hydroxyurea alone not
multiple therapies so transformation of a normal
stem cell seemed improbable. Further data suggesting
a disparity between size populations of clonal
myeloid cells (as judged by X-chromosome inactiva-
tion patterns) and V617JAK2 positive cells also sug-
gests a pre-V617F clone38,39; where clonality is judged
by loss of heterozygosity at 20q this data is most con-
vincing38 as there are significant problems in inter-
preting clonality using XCIPs in V617F JAK2 positive
disease.36

CHRONIC IDIOPATHIC MF

Chronic idiopathic MF or MF with myeloid metaplasia
is a rare condition in which myeloproliferation is asso-
ciated with increased fibroblast proliferation neoan-
giogenesis and extramedullary hemopoiesis. MF may
occur in later phases of the other MPDs namely ET, PV,
and CML and this reflects the continuum and substan-
tial overlap of clinical features in the MPDs, and given
the prevalence of V617F JAK2 mutation adds weight to
the need to reconsideration of disease classification as
discussed later. 

PATHOLOGY 
Bone marrow features of this condition are variable.
Cellularity ranges from being increased to markedly
reduced or near absent normal hematopoiesis.
Fibrosis ranges from a focal increase of reticulin to
coarse parallel reticulin, the presence of collagen,
and osteogenesis or new bone formation (Figure
46.2). Dense fibrosis is also associated with dilated
marrow sinusoids and intrasinusoidal hematopoiesis.
Variable systems of reticulin grading are in routine
use and a unified system is required to inform future
studies. Megakaryocyte morphology is a key to iden-
tify the newly proposed diagnostic entity prefibrotic
MF. In prefibrotic MF there is at most a borderline
increase in reticulin, reduced erythropoisis, and
increased granulocytic and megakaryocyte prolifera-
tion, and reactive lymphoid follicles may also be
apparent. Significant megakaryocyte abnormalities
(as discussed in ET)40 are a key to differentiating this
entity from ET. Yet to be delineated is whether or not
this is a distinct disease entity and whether
hematopathologists can reliably establish this diag-
nosis. The spleen is a common site of extramedullary
hematopoiesis in MF and variable patterns of infil-

tration by myeloid precursors are identified, from
diffuse to nodular or a predominance of myeloid 
precursors.41

Blood film appearances are important in making
the diagnosis of MF. The most characteristic include
leucoerythroblastic features with teardrop poikilo-
cytes; dysplastic features may be present in granulo-
cytes and platelets. In the early stages of MF, these
features may be either absent or not prominent.42

Increased CD34� cells and an elevated LDH may also
be demonstrated. 

CYTOGENETICS
Conventional cytogenetic evaluation of patients with
MF often fails presumably because of marrow fibrosis
precluding obtaining sufficient cells on aspiration.
Fibrosis was shown to be a secondary process as fibrob-
lasts in culture were either cytogenetically normal or
had clones that differed from the marrow.43 A normal
karyotype is at least as frequent as an abnormal one;
furthermore some studies suggest an associated prog-
nostic significance.44 In a larger study reported by
Tefferi45 90% of abnormalities were either �8, �9,
del(20)(q11q13), del (13)(q12q14), and del(12)(p12) or
involved chromosomes 1 or 7. Here only �8 or
del(12)(p12) appeared to be independent prognostic
indicators.

Of interest is the fact that chromosome 13 abnor-
malities (del(13)(q12q14) or translocations involving
this region) appear to be consistently present both in
primary MF and, most likely, as a second event in MF
which evolves in the other MPDs.46,47 The del(13)
(q12q14) potentially results in the loss of RB, a well-
characterized tumor suppressor gene, and this has
indeed been demonstrated but only in a proportion of
patients with MF.48

MOLECULAR BIOLOGY
The cause of markedly enhanced fibroblast prolifera-
tion and collagen synthesis in MF could relate to an
array of humoral factors that may be released from
hemopoietic cells, including both the megakaryocytes
and monocytes. The fibroblasts themselves rarely dis-
play intrinsic alteration and are hence regarded as
“effector cells.” Megakaryocytes and platelets may
influence fibroblast proliferation by virtue of their
increased content, release, and abnormal packaging of
alpha granule contents PDGF, PF-4, TGF�, b-FGF, and
calmodulin.49 The subcellular location of P-selectin in
megakaryocytes and platelets is abnormal and may
correlate with emperipoiesis, which causes disrup-
tion of the megakaryocyte organelles and causes the
leakage of �–granule contents.50 Monocytes have
also been implicated in the stimulation of fibrosis.
They are activated following contact with protein
components of the extracellular matrix via adhesion
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molecules, particularly CD44,  subsequently resulting
in enhanced monocyte CD25 expression and
increased production of TGF� and interleukin-1. The
potential role for monocytes or macrophages or
indeed other genetic factors in the pathogenesis of
MF is supported by animal models. At a cellular level
attention has focused upon growth factor pathway
anomalies and the recent identification of V617F
JAK2 and MPLW515L/K8,9 is in keeping with this. The
aetiology of MF without JAK2 or cMPL mutations is
unclear but the patients have all the features associ-
ated with MPD and while one publication51 suggests
they may have superior prognosis this has not been
identified in all studies.52

Probably the next major issue in MPDs is whether it
is still relevant to subdivide V617F JAK2 positive or
indeed negative disease into the three different entities
(PV, ET, or MF) or is it preferable to regard the MPDs as
a continuum of conditions akin to the different phases
of CML. Here advanced MF or AML would represent
advanced phase and ET with PV chronic phase. Unlike
CML the rate of progression, if at all, of patients along
this continuum is slow and patients may of course pre-
sent at any point of the spectrum. 

This proposal is contentious but is recently
strengthened by several pieces of evidence from
translational research. For example, Scott et al.32

found that none of the patients studied with ET had
V617F JAK2 homozygous colonies, while such
colonies were detected in all the PV patients (p �

0.0001) and two ET patients after polycthemic trans-
formation. This suggests that a fundamental differ-
ence between ET and PV might be the mitotic recom-
bination events that generate daughter cells
homozygous for V617F JAK2.  Evidence that total
“load” of V617F JAK2 increases between the entities
ET, PV, and MF (and post-polycythemic MF) has also
been reported by other groups. For example
Moliterno53 reports the median neutrophil JAK2
V617F allele percentage was greater in PV than in ET
(p 
 �0.001), and that allele percentages greater than
63% were restricted to PV and MF. Similarly,
Passamonti54 recently reported in 66/90 MPD
patients that significant differences in quantity of
V617F JAK2 occur between PV and ET (p 
 0.01), or
PV and prefibrotic MF (p 
 .005); fibrotic MF and pre-
fibrotic MF (p 
 0.001) and postpolycythemic MF
having higher levels than PV (p � 0.001). This data
accords with data from the group at the Mayo Clinic
groups.55

These findings could be extrapolated to a model of
the relationship between the V617F JAK2 positive
MPDs  and disease progression as shown in Figure
46.1. The challenges for this model are why the major-
ity of ET patients do not transform to PV,which may
relate to a genetic predisposition to undergo mitotic
recombination, as well as to elucidate the additional
genetic hits causing disease progression and why some

patients progress more rapidly than others who do not
progress at all.

CHRONIC EOSINOPHILIC LEUKEMIA/
HYPEREOSINOPHILIC SYNDROME

Myeloproliferative hypereosinophilic diseases are
defined by a persistent (�6 months) unexplained
eosinophilia greater than 1.5 � 109/L, a hypercellular
bone marrow with eosinophilia, and tissue damage.
They are discriminated from idiopathic hypere-
osinophilic syndrome by the presence of tissue dam-
age, although this may indeed be artificial as tissue
damage may be subclinical or occur in the future.
While investigating these patients, a reactive cause of
eosinophilia such as allergies, parasitic infections, and
other malignancies (e.g., on detection of phenotypi-
cally abnormal T lymphocytes56) should be assidu-
ously excluded. Eosinophil morphology varies from
normal to include abnormalities such as degranulation,
cytoplasmic vacuolation, hypolobulation, or hyperlob-
ulation. The presence of Chronic eosinophilic
leukemia (CEL) is suggested by increased proportion of
blasts, hepatosplenomegaly, raised serum tryptase, vit-
amin B12, and a cytogenetic abnormality. In some
patients the diagnosis will only be apparent after trans-
formation to acute myeloid leukemia.

The detection of cytogenetic abnormalities is 
useful in discriminating CEL from a reactive
eosinophilia. Abnormalities involving 5q33 or 8p11
are most frequent and clonality has been demon-
strated even in patients with normal cytogenetics by
X-chromosome inactivation patterns.57 Abnormalities
of 5q33, especially t(5;12)(q33;p13), produce the
fusion oncogene TEL-PDGFR� with constitutive acti-
vation of the kinase domain of PDGFR� originally
cloned by Golub.58 Variable morphological features
have been described from chronic myelomonocytic
leukemia (CMML)-like to atypical CML, as reviewed
by Bain.59 Two other translocations involving the
PDGFR� gene are t(5;7)(q33;q11.2) and t(5;10)
(q33;21.2). Rarer translocations associated with 8p11
involve the fibroblast growth factor receptor-1
(FGFR1) most commonly fusing with the ZNF198
gene of 13q12 generating t(8;13)(q11;q12); they are
frequently associated with non-Hodgkin’s lym-
phomas and have a particular tendency to leukemic
transformation.60–63

Recently, a novel tyrosine kinase, FIP1L1-PDGFR�,
has been described in 9/16 patients with hypere-
osinophilic syndrome64 and 3/5 with systemic mastocy-
tosis.65 This is generated by microdeletion of CHIC2
and is only detectable by RTPCR or FISH; conventional
cytogenetics is unhelpful. Patients with FIP1L1-PDGFR�

and eosinophilia have been reported to show a dramatic
response to imatinib mesylate64,66 as have several with
activated PDGFRB fusion tyrosine kinases.67,68
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CHRONIC NEUTROPHILIC LEUKEMIA

Chronic neutrophilic leukemia is a very rare disorder;
just over 140 cases are reported but many of these may
not fulfil the diagnostic criteria.69 It is characterized by
a leucocytosis in excess of 25 � 109/L (lack of
eosinophilia, basophilia, and few myeloid precursors),
absent bcr/abl, and bone marrow myeloid hyperplasia
without prominent blasts. A rarer form of CML bears
some morphological similarities for CNL but has a
variant bcr/abl (BCRe19/ABLa2). Hepatosplenomegaly
may be present and in 20% of the cases an associated
neoplasm has been reported. Cytogenetics are normal
in the majority (90%). There have been no compre-
hensive studies of molecular biology. One of the diffi-
culties in making a diagnosis of CNL is in differentiat-
ing it from a leukemoid reaction, here clonality may
be helpful in females who have normal cytogenetics.
As a leukemoid reaction is reported in association
with myeloma or monoclonal gammopathy of uncer-
tain significance, it would be wise to exclude these
entities.

MASTOCYTOSIS

There is a spectrum of MPDs described by the term
mastocytosis in which the characteristic feature is the
presence of mast cells with abnormal growth kinetics
and their accumulation in organs (Table 46.2). A
detailed discourse of all these mast cell disorders is
beyond the scope of this chapter; the reader is directed
to a recent chapter/review for further information.70

PATHOLOGY
The major feature of systemic mastocytosis is the find-
ing of compact dense multifocal mast cell infiltrates in
a bone marrow trephine biopsy. These are most use-
fully identified by means of staining for mast cell
tryptase. Such infiltrates may also be identified in
other organs and lymph nodes. The individual mor-
phology of the mast cells is also important. Typically
they are spindle shaped, but may demonstrate
atypia, including nuclear lobulation, smaller or absent

granules, and a primitive nuclear chromatin pattern;
they also aberrantly express CD2 and CD25.32–35,37

Reticulin is usually increased, and collagen and new
bone formation may be seen. “Pseudo-granulomas”
may also be apparent and commonly are associated
with eosinophils, lymphocytes (sometimes lymphoid
nodules), and plasma cells in addition to the mast cell
infiltrate.

The determination of serum tryptase level may be
a useful index of burden of mast cells and is usually
elevated in systemic mastocytosis. For patients with
mast cell leukemia, the infiltrate comprises immature
mast cell precursors which may also be identified in
the blood film. It is perhaps somewhat of an anomaly
that this entity appears with the MPD in the WHO
classification rather than with the acute myeloid
leukemias.

CYTOGENETICS AND MOLECULAR BIOLOGY
The most important cytokine in mast cell develop-
ment from CD34� progenitors is stem cell factor, or
KIT ligand. In a high proportion of cases of systemic
mastocytosis, a mutation Asp-816-Val is often
detectable in c-kit, which is the receptor for stem cell
factor and is a valuable diagnostic marker.71–73 This
mutation is not always confined to mast cells but is
sometimes demonstrable in other hematopoietic cells,
including CD34� cells. Cytogenetic abnormalities are
variable and include �8, �9, del (5)(q), del (7)(q),
monosomy 7, and del(20)(q).74

CHRONIC MPD, UNCLASSIFIABLE

These patients have an MPD but cannot readily be
classified with an individual disease entity sometimes
as they display distinctive features of two MPD. This is
a very heterogeneous group.

MYELOPROLIFERATIVE/MYELODYSPLASTIC
DISORDERS

CHRONIC MYELOMONOCYTIC LEUKEMIA
CMML has features both of myelodysplasia and
myeloproliferation. In the WHO classification it has
migrated from the MDS catergory into the MPD/MDS
disorders. To differentiate CMML from atypical CML,
evaluation of the proportion of granulocytic precur-
sors and the blood film to identify anormal mono-
cytes are useful. The bone marrow is hypercellular
and displays varying degrees of dysplasia and a
monocytic infiltrate. Cytogenetic abnormalities are
common (20–50%) but again none are specifically
associated with CMML. Those patients with abnor-
mal karyotypes are more likely to have advanced 
disease and to transform to acute leukemia.75
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Table 46.2 WHO classification of mast cell disorders

■ Cutaneous mastocytosis
■ Indolent systemic mastocytosis
■ Systemic mastocytosis with associated clonal haematologic

non-mast cell lineage disease (including AML, MDS, MPD,
CMML, NHL)

■ Aggressive systemic mastocytosis
■ Mast cell leukemia
■ Mast cell sarcoma
■ Extracutaneous mastocytoma.



Monosomy 7 is common, as are �8, der(12p) pre-
senting as a terminal deletion or translocation, �Y.75

Abnormalities of chromosome 5 (�5, 5q�, t(5;12)
(q31p13)) are less common in CMML than in
myelodysplasia.

JUVENILE MYELOMONOCYTIC LEUKEMIA
This condition usually occurs in children less than 5
years old and encompasses conditions previously
termed “juvenile chronic myeloid leukemia,” infantile
monosomy 7 syndrome, and other myelodysplas-
tic/myeloproliferative diseases of childhood. 

Juvenile myelomonocytic leukemia is particularly
associated with monosomy 7.76 In approximately
25–33%, other cytogenetic abnormalities (�8 and abnor-
malities of chromosome 7) also occur. Furthermore,
there is an increased incidence in Down’s syndrome and
neurofibromatosis. Some 15% of children with JMML
have features of neurofibromatosis, these and others
without these features have abnormalities of the NF 1
gene. Mutations of the RAS oncogene are present in
15–30%, but these patients do not, to date, have NF 1
abnormalities.77 A further factor of genetic interest
includes an occasional tendency for familial cases and
increased expression of hemoglobin F. 

ATYPICAL CML
Atypical CML is a rare condition that occurs in older
patients and has a worse prognosis than CML. The
blood film demonstrates a neutrophilia and an
increase in myeloid precursors sometimes with dys-
plastic features; monocytosis is more pronounced than
either eosinophilia or basophilia. The bone marrow

features resemble CML, but an increase in monocytes
is the feature which suggests atypical rather than typi-
cal CML. In common with CMML, karyotypic abnor-
malities are frequent in atypical CML, occurring in
30–80%,78 �8 being the most frequent. Interestingly, a
fusion gene between PDGFR� and H4 has been
reported in at least one patient.79

MYELOPROLIFERATIVE/MYELODYSPLASTIC
UNCLASSIFIED

Patients who display features of both myeloprolifera-
tive and myelodysplastic conditions are assigned to
this diagnostic entity. A proportion will evolve and
change diagnostic catergory with time. No specific
cytogenetic abnormalities are reported in this diagnos-
tic entity other than those already discussed for the
other MPDs. 

SUMMARY

The MPDs and MDS/MPDs are an expanding popula-
tion of largely clinically defined disorders for which
thus far we lack a clear understanding of their patho-
genesis and molecular biology. It seems hopeful that
we may be able to expand our knowledge greatly in the
future by harnessing emerging sophisticated technolo-
gies such as proteomics and microarray methods. A
global culture of cooperation, identifying and sharing
data from rare kindreds with apparently clonal inher-
ited MPDs, is also likely to significantly advance
knowledge in this field.
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INTRODUCTION

Under normal circumstances, the marrow progenitor
cells respond selectively to differing but specific stim-
uli. Examples include the rise in white blood cell
(WBC) count that occurs during a bacterial infection
or the elevation of the platelet count after hemor-
rhage. Reactions such as these are self-limited, for the
marrow reverts to its normal status once the stimulus
subsides. Myeloproliferative disorders (MPDs), on the
other hand, comprise a group of diseases in which
pluripotent stem cells proliferate more or less en masse,
at least at the onset of the illness. In the hematology
literature, opinions differ as to which diseases should
be included in the MPD group, but based upon
improvements in clinical diagnosis and refinements in
cytogenetics, and molecular biology, the diseases of
major clinical importance include chronic myeloid
leukemia (CML), polycythemia vera (PV), essential
thrombocythemia (ET) and agnogenic myeloid meta-
plasia (AMM). In general, the diagnostic difficulties
associated with the MPDs relate to their clinical sym-
metry (“clinical mimicry”) and, except for CML, the
lack of clinically applicable clonal markers. Thus, they
share similar clinical and hematologic features. Their
origin from a multipotent hematopoietic stem cell
leads to clonal dominance over normal hematopoietic
progenitor cells, giving rise to increased production of
one or more of the formed elements of the blood. As
examples, in PV, although an increased red blood cell
(RBC) mass is the sine qua non at diagnosis, such
patients often have an increase in the WBC count
and/or platelet count. Physical examination of a
patient with an MPD often reveals an enlarged spleen
and biochemical abnormalities such as elevation in
the serum values of uric acid, vitamin B12, and B12-
binding protein. A biochemical marker that can be of
value in distinguishing one MPD from another is the
concentration of leukocyte alkaline phosphatase
found in the cytoplasm of neutrophils. It is typically
absent in patients with CML, increased in PV and ET,

and variably increased, normal, or decreased in AMM.
Although cytogenetic abnormalities are seen in all
patients with the MPDs, the only consistent cytoge-
netic abnormality, the Philadelphia (Ph) chromosome,
occurs in CML, sharply distinguishing it from the oth-
ers. To a varying degree, increased reticulin fibers are
present in the bone marrow in all the MPDs, and as the
disease progresses, fibroblastic proliferation becomes
evident (probably a reactive phenomenon).

Only recently has it been appreciated that the
megakaryocytes are morphologically abnormal in the
myeloproliferative diseases, and biologically, are central
to the genesis of the fibrosis that occurs in the marrows
of patients with MPDs. An experienced hematopatholo-
gist may suspect the appropriate clinical diagnosis by
studying the structural characteristics of the megakary-
ocytes in a bone marrow biopsy from a patient with an
MPD, as their appearance differs among the four diseases.

Acute leukemia develops as an end result of all the
MPDs. In decreasing order of frequency, it occurs in
CML, AMM, PV, and rarely in ET.1,2 Acute leukemia may
be a natural evolution of the disease, as is seen most
often in CML, or it may also be related to the drugs
used in treating the primary illness.1,2

CHRONIC MYELOID LEUKEMIA

CML develops with an insidious onset of symptoms
and signs, which may include fatigue, anemia,
splenomegaly, and leukocytosis marked by an increase
in neutrophils, eosinophils, and basophils. The median
age of onset is 50 years1,2 the peak incidence occurs
between 50 and 60 years.1,2 The frequency increases
with age. CML occurs equally in males and females.1

There are three phases of the disease: the first, a
chronic phase, lasts 30–40 months; the second is a
transitional phase called the accelerated phase; and
the terminal blast or acute (“blast crisis”) phase, in
which the disease resembles acute leukemia. In some
patients, there is no transitional phase, and the disease
transforms abruptly into an acute phase.
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CHRONIC PHASE OF CML
In the chronic phase, the WBC count approximates
200,000/dL. The myelocyte is the predominating cell
in both peripheral blood and marrow. Myeloblasts are
rare. Basophilia and eosinophilia are common. There
may be slight anemia, which is normocytic and nor-
mochromic. The platelet count may be normal,
decreased, or increased, but more than half of the
patients have platelet counts greater than 1 million/	L;2

however, thrombotic phenomena are rare.3 The bone
marrow is hypercellular, with a striking increase in
granulocytic cells. Cells resembling Gaucher cells (sea-
blue histiocytes) are observed in about 10% of cases.4

Megakaryocytes are smaller than normal. Reticulin, in
biopsy sections, is increased. Collagen stains may
show fibrosis. Of unique importance is the presence of
the Ph chromosome, demonstrated in approximately
95% of all CML patients. Those patient with pheno-
typic characteristics of CML but locking the ph chro-
mosome must have marrow or blood specimens exam-
ined for the molecular abnormality, the BCR-ABL
oncogene, which is present in all cases. By definition,
those patients in whom the BCR-ABL oncogene can-
not be found are considered to have an “atypical
myeloproliferative disease” or “atypical CML.”

The blast crises are divided into two general
types, myeloid and lymphoid. Biphenotypic or mixed
lymphoblastic–myeloblastic crises also have been
observed.5 Lymphoid blast crisis occurs in 20–30% of
patients. The cells often resemble those seen in acute
lymphocytic leukemia and contain terminal deoxynu-
cleotidyl transferase.6 (Terminal deoxynucleotidyl
transferase is found mainly in poorly differentiated
normal and malignant lymphoid cells of T-cell and 
B-cell origin and is lost as these lymphocytes differen-
tiate and mature). Myeloid blast crisis may mimic
acute myeloid leukemia. Megakaryoblastic7 and ery-
throblastic8 transformations and blast crises marked by
basophilia also have been reported.

MAKING THE DIAGNOSIS
Although the complete blood count and bone marrow
findings in CML cases may be classic, less marked phe-
notypic presentations may mimic other myeloprolifera-
tive diseases, especially AMM. The diagnosis rests on the
demonstration of the Ph chromosome in the bone mar-
row, the (9;22) translocation in the marrow or peripheral
blood by FISH (fluorescent in situ hybridization) studies,
or by reverse transcriptase analysis by polymerase chain
reaction (RT-PCR) of the marrow or blood for the molec-
ular abnormality, the BCR-ABL oncogene.

POLYCYTHEMIA VERA (PV)

Polycythemia is defined as an increase in the volume of
circulating RBCs per kilogram of body weight or,
equivalently, an increase in the RBC mass. Clinically,

this is expressed as an absolute increase in the number
of RBCs, usually but not always accompanied by corre-
sponding increases in the hemoglobin and hematocrit
(though the hematocrit may be affected by plasma vol-
ume). Polycythemia may occur as a primary disease of
unknown cause (polycythemia vera) or as a secondary
manifestation of other illnesses. The diagnosis of PV is
made only after other causes of secondary poly-
cythemia have been excluded (Table 47.1).

The terms erythremia and erythrocytosis are often
used to refer to primary and secondary polycythemia,
respectively. Others use erythremia as a classification
for patients whose only abnormality is an increased
RBC volume. Both terms are superfluous and confus-
ing, and therefore are not recommended. The term
“relative” polycythemia is also a misnomer and its use
should be discontinued. Similarly, “false” poly-
cythemia is a confusing term; it is not polycythemia
because the RBC volume per kilogram of body weight
is normal. In this instance, the increased hematocrit is
related to a decrease in plasma volume (whereas in
true polycythemia, the plasma volume is usually
increased, but it may also be decreased). Other terms
referring to false or relative polycythemia include
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Table 47.1 Clinical classification of the polycythemias

Secondary polycythemia
(1) Related to inadequate oxygen delivery to 

tissues with respect to need
(1.1) Due to decreased arterial oxygen tension

(1.1.1) With physiologic or anatomic 
cardiopulmonary abnormalities:

■ abnormalities of lungs, chest
bellows, or ventilatory 

■ control mechanisms
■ right-to-left vascular shunts

(1.1.2) Without physiologic or anatomic 
cardiopulmonary abnormalities:

■ low oxygen tension, i.e., high
altitudes

■ impaired oxygen-carrying capacity 
of hemoglobin

(1.2) Due to decreased blood flow—congestive
heart failure

(2) Unrelated to inadequate oxygen delivery 
and need, and associated with benign or 
malignant lesions of the following:

■ kidney—cysts, hydronephrosis, adenoma, 
hyper-nephroma

■ cerebellum—hemangioblastoma
■ uterus—myoma
■ liver—hepatoma, hamartoma
■ other—adrenal (pheochromocytoma), lung

Familial polycythemias (normal hemoglobin function)
Primary polycythemia (polycythemia vera)



stress polycythemia, stress erythrocytosis, pseudopoly-
cythemia, and benign polycythemia. Likewise, these
terms should be discarded. As it is not possible to pre-
dict an increased RBC mass by a single hematocrit
determination, particularly in the lower range of
increased hematocrit values, a chromium-51 RBC mass
(volume) determination is mandatory. For hematocrit
values more than 60%, it is not necessary to determine
a Cr51 RBC mass2,9 (Table 47.2).

Polycythemia vera is a disease characterized not only
by proliferation of erythroid progenitors (which
results in the increased RBC mass), but also by early
myeloid cells and megakaryocytes. An increasing
number of cases are now being detected prior to the
development of symptoms through the use of routine
screening blood counts. The median age in one series
of more than 100 patients is about 50 years, and nearly
40% of the patients are seen while in their 30s and
40s.10 Other series report an older age group.12,13

Symptoms related to hypervolemia and hyperviscosity
are usually accentuated by an increase in platelet
count. Headaches, lightheadedness, vertigo, and
blurred vision may occur. A most troublesome symp-
tom is pruritus, worse after a hot bath or shower, and
called “aquagenic pruritis.” Spontaneous bruising,
peptic ulcers, and gastrointestinal hemorrhage are
seen as the disease progresses. Secondary gout and uric
acid kidney stones are relatively frequent, occurring in
about 10% of the patients.11

Untreated patients are also at risk for both thrombotic
and hemorrhagic events,14 but in our series, thrombosis
predominates (cerebrovascular, cardiovascular, and
lower extremity, especially). Erythromelalgia (painful
fingertips and toes) is frequent. A serious thrombotic
event occurring in about 10% of patients with PV is the
Budd–Chiarri syndrome, due to hepatic vein thrombo-
sis.14 This is marked by hepatosplenomegaly, ascites,
edema of the lower extremities, and other conse-
quences of portal vein obstruction.

On physical examination, about 60% of the
patients in our series have had an enlarged spleen, usu-
ally 1–2 cm below the left costal margin. The complex-
ion is usually normal, but in more advanced cases it
may be dusky.

Laboratory studies reveal, in addition to the increased
RBC mass (for men, RBC �36cm3/kg; in women
�32cm3/kg), an elevated WBC (above 10,000/	L) in
approximately 60% of patients and an increased
platelet count above 400,000/	L in 75% of patients.9

Examination of the peripheral blood smear shows a

higher percentage of neutrophils, and an increased
number of basophils and eosinophils. Evidence of iron
deficiency exists, particularly in the bone marrow.
Because of occult gastrointestinal or other internal
bleeding, anemia may initially mask the diagnosis of
polycythemia. Iron deficiency is manifested by a low
serum iron and increased ferritin values.

As the disease progresses, extramedullary hematopoiesis
(i.e., hematopoiesis in sites other than the bone mar-
row) occurs, often accompanied by myelofibrosis in
the bone marrow. The end stage of PV is morphologi-
cally indistinguishable from that of AMM [primary
myelofibrosis with myeloid metaplasia (MMM)].

Unlike CML, in PV there is no unique or specific
cytogenetic marker of the disease. However, the
recently, repeated molecular, abnormality, the V617F
( JAK2), is of great importance SNCE 95% or more
patients abnormality.14 However, newer and more
easily performed laboratory tests have demonstrated
monoclonality in a number of patients with PV.
Certain karyotypic changes are seen in approximately
20% of patients with PV. The most common abnor-
malities involve chromosomes 20 (20q(), or 9, trisomy
of chromosome 8, and deletions of chromosomes 5 or
715 (see Chapter 46).

Recently, it has been shown that there is impaired
expression of the thrombopoietin receptor, Mpl, in the
platelets of patients with PV and ET.16,17 Another
genetic marker, the PRV-1 gene, has been reported to
be overexpressed in the RNA of peripheral blood gran-
ulocytes of both patients with PV and patients with
ET.18 Testing of these markers may also be valuable for
diagnosis in the future, though it is too early to use
these genetic markers in practice. A schema suggested
for the evaluation of patients suspected of PV is shown
in Table 47.3.
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Table 47.2 Relation of absolute erthrocytosis (AE) to
hematocrit (Hct)10

Hct (%) % of patients with AE

50–52 18
56–58 65
�60 100

Table 47.3 Suggested evaluation of a patient with
polycythemia

History (family history important to exclude hemoglo
binopathies and familial polycythemias)
Physical examination, including neurologic and pelvic 
examinations
Complete blood count, reticulocyte count, platelet count,
serum uric acid
Urinalysis
Red blood cell volume with Cr51

JAK2 determination
Serum erythropoietin
Arterial oxygen saturation
Bone marrow aspiration and biopsy with stains for iron, 
reticulin, and collagen
Chest X-ray, electrocardiogram
Optional:

– Leukocyte alkaline phosphatase determination
– Hemoglobin electrophoresis
– Vitamin B12 and vitamin B12-binding capacity



Until recently, the diagnosis of PV was made after
all causes of secondary polycythemia had been
excluded (Table 47.1). The most commonly used cri-
teria for the diagnosis of PV had been those of the
Polycythemia Vera Study Group (PVSG).11 These cri-
teria were established for diagnosing patients with
active polycythemia entering a therapeutic trial
comparing the value of phlebotomy only, chloram-
bucil, or P-32.11 For historical purposes, the PVSG
diagnostic criteria are shown in Table 47.4. Note
that the RBC mass determination was used both for
establishing the existence of polycythemia per se
and as a criterion for diagnosing PV. Categories B2,
B3, and B4 all reflect an increase in WBCs and their
progenitors. (Yet in our series, only 60% of patients
had a leukocytosis).

There are many other limitations of these criteria,
which were, in fact, appreciated by the PVSG.
Nevertheless, in the ensuing 40 years they have been
used, and/or cited in the literature, for diagnosing
patients with PV at least 270 times.11,18 Other limita-
tions of the criteria include the following: (1) the
increase in RBC mass should be used to establish
whether or not a patient is polycythemic, and not as a
diagnostic criterion; (2) the abnormalities seen on
bone marrow biopsy characteristic of PV are not men-
tioned: these are panhyperplasia, absent iron stores,
increased reticulin fibers, and morphologic abnormali-
ties of the megakaryocytes19; (3) determination of the
serum erythropoietin level is not required.

MAKING THE DIAGNOSIS
A more contemporary approach to the diagnosis of
PV is outlined in Table 47.5. It includes the demon-
stration of an increased RBC mass, particularly for

patients with only a modest increase in hematocrit. It
is not possible to predict an increased RBC mass from
a single hematocrit value, except for a hematocrit
more than 60% in men and 58% in women. A careful
history, physical examination, and screening labora-
tory studies, including oxygen saturation values,
should exclude polycythemia due to inadequate oxy-
gen delivery to tissues with respect to need; a serum
erythropoietin value should be elevated in those
cases where the polycythemia is associated with a
benign or malignant tumor. As always, an accurate
history is important. It should exclude familial poly-
cythemias.

A proactive approach to the diagnosis of PV is
shown in Table 47.5. Splenomegaly occurs in about
60% of patients, an elevated WBC in 60%, increased
platelets in 75%. In PV, the serum erythropoietin most
often, but not always, is less than 5U/mL. A bone mar-
row biopsy is helpful, both for establishing the diag-
nosis and for baseline purposes in order to follow the
progress of the disease. Due attention should be paid
to cellularity (panhyperplasia), iron stores (which
should be diminished or absent), reticulin content and
fibrosis, and abnormal megakaryocyte morphology.

ESSENTIAL THROMBOCYTHEMIA (ET)

By far the most common cause of thrombocytosis in
general medical practice is a reactive or secondary
process. This is related to acute or occult bleeding,
infection, or malignant diseases. Thus, a careful his-
tory, physical examination, and appropriate labora-
tory studies should establish the cause of secondary
thrombocytosis in the majority of cases.

Thrombocytosis may be associated with the
myelodysplastic 5q� syndrome, which is character-
ized by deletion of the long arm of chromosome 5
(see Chapter X). In addition to thrombocytosis, these
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Table 47.4 Criteria for the diagnosis of polycythemia vera
(Polycythemia Vera Study Group Criteria)

A1 Increased RBC mass B1 Thrombocytosis, platelets
Men �36 cm3 / kg �600,000/cells/mm3

Women �32 cm3/kg

A2 Arterial oxygen �92% B2 WBC count
�12,000/mm3 in absence
of fever or infarction

A3 Splenomegaly B3 Leukocyte alkaline
phosphatase score �100

B4 Elevated serum vitamin B12
(�900 pg/mL) or elevated 
unsaturated vitamin B12–

binding capacity �2200
pg/mL

The diagnosis is acceptable if A1, A2, and A3 are present:
(1) A1 � A2 � A3

or, in the absence of splenomegaly,

(2) A1 1 � A2 and any two of column B

Table 47.5 Suggested diagnostic criteria, polycythemia vera

Must have*
(a) Increased RBC mass or Hct �60% in men, 

58% in women
(b) Absence of any cause of secondary erythrocytosis

or familial polycythemia (assumes serum eythro
poietin level not increased)

And any three of the following:
(c) Palpable splenomegaly
(d) serum erythropoietin �5U/mL
(e) Platelets �400,000/	L
(f) WBC �12,000/	L
(g) Bone marrow biopsy

(i) Cellularity, reticulin, fibrosis
(ii) Megakaryocyte abnormalities

* Please see text regarding JAK2 expression



patients will often have anemia and immature granu-
locytes including myeloblasts in the peripheral blood
and/or bone marrow. Thus, cytogenetic studies are cru-
cial in excluding this diagnosis.

In the absence of causes of secondary thrombocytosis,
a diagnosis of ET may be considered when a patient is
found with an increased platelet count (�400,000/	L),
symptoms of thrombosis (usually), or hemorrhage. ET
is a disease characterized by an increased platelet
count owing to proliferation of an abnormal clone of
megakaryocytes unresponsive to normal control mech-
anisms governing platelet production.

ET affects young and middle-aged women and men.
Recurrent thromboses and, paradoxically, bleeding are
the cardinal features. Although some patients, particu-
larly younger ones, remain asymptomatic for long peri-
ods, approximately 50% of patients with ET are first
seen as emergencies because of an episode of vascular
occlusion that may be either arterial, venous, or both.

In our center, most younger patients present with
thromboses rather than hemorrhage. Variable symp-
toms and signs include transient ischemic attacks,
stroke, thrombosis of the splenic and/or hepatic veins,
and evidence of peripheral circulatory impairment
characterized by digital cyanosis, erythromelalgia, and
pain and burning owing to microvascular clogging of
small vessels by platelets. Clinical bleeding is mani-
fested by easy bruising, bleeding of mucosal surfaces,
epistaxis, unexplained hemorrhage, and postoperative
hemorrhage.

Aside from the physical findings related to the
aforementioned, physical examination of the asymp-
tomatic patient is usually unremarkable. About one
third of asymptomatic patients have splenomegaly,
which is only modest in degree (1–3 cm below the left
costal margin).

The peripheral smear shows clusters and clumps
of megakaryocytes and giant platelets. Granulocyte
and RBC morphology is essentially normal. The
WBC is slightly increased in a minority of patients.
Cytogenetic abnormalities (not related to the Ph chro-
mosome diagnostic of CML) are present in only a few
patients with ET. The overall significance of cytoge-
netic abnormalities in terms of clinical course and
prognosis is unclear.

Sometimes, an often unrecognized and curious lab-
oratory abnormality may lead to the diagnosis of ET in
asymptomatic patients. When a routine electrolyte
panel is submitted for analysis, an artificially abnormal
high potassium value may be found. This is due to loss
of potassium released from large numbers of platelets,
which occurs during clotting in vitro. This abnormal-
ity is not associated with any deleterious clinical effect.
This spuriously high potassium value is known as
pseudohyperkalemia. If a potassium determination is
required from a patient with ET, a plasma sample,
wherein unclotted blood is submitted for laboratory
analysis, will avoid this problem.

As in PV, abnormalities of the MpL receptor abnor-
mality16,17 and the PRV-1 gene occur in ET.18 As yet,
the practical clinical use of these two tests remains to
be established. Abnormal JAK2 expression has been
observed in approximately 50% of patients with ET. It
has been suggested that the course of JAK2 (�) patient
may be more aggresive than JAK2 (�) patients but it is
too soon to rely in this statement as fact.19 Thus, ET is
largely based on exclusion of secondary reactive causes
of thrombocytosis.

Recently, in ET, the morphologic changes in mar-
row megakaryocytes have been appreciated.20 Thus,
all patients with a presumptive diagnosis of ET
should have a marrow biopsy performed. In reactive
thrombocytosis, the number of megakaryocytes is
slightly-to-moderately increased, but size and nuclear
lobulation remain normal; there is no tendency for
megakaryocytes to cluster together. Megakaryocytes
in ET, increased in number, are scattered or loosely
grouped within the bone marrow. ET megakaryocytes
are characterized by large, giant-sized megakary-
ocytes and exhibit deeply lobulated staghorn-like
nuclei. Sheets and clumps of platelets may be associ-
ated with masses of platelet debris.

The platelet abnormality occurring in ET cannot be
quantified by any measure of platelet dysfunction;
despite a great deal of research, the pathophysiologic
basis for excessive bleeding and thrombosis is not
clearly understood. The results of in vitro platelet func-
tion tests are variable and show impaired or absent epi-
nephrine-induced platelet aggregation. There is no
exact correlation between the platelet count and
thrombosis or hemorrhage, although in general, the
higher the platelet count, the greater is the likelihood
of these events occurring.

The diagnostic criteria for ET are shown in Table
47.6. These criteria are based on modified criteria pro-
posed originally by the Polycythemia Vera Study
Group (PVSG) and the World Health Organization.21

All criteria must be fulfilled to make a diagnosis of ET.
Note that collagen fibrosis of the marrow in 1/3 of the
marrow was allowed by the PVSG. Permitting this
degree of fibrosis may confuse ET with early cases of
AMM (MMM).

MAKING THE DIAGNOSIS
The platelet count of reactive thrombocytosis accom-
panying inflammation, bleeding, cancer, or infection
is rarely elevated to the degree seen in ET. A Serum, fer-
retin level is helpful in excluding iron deficiency
(bleeding as a cause of thrombocytosis). Thrombosis
never occurs in secondary thrombocytosis. All patients
considered to have ET should have cytogenetic or mol-
ecular studies performed to exclude CML, a disease that
can present in a patient with an increased platelet count
and only a modest elevation of the WBC. For patients
with borderline or moderately elevated RBC values, a
Cr51 RBC mass study is mandatory to exclude PV. JAK2
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positivity is helpful in diagnosis in about half the
patient seen.

AGNOGENIC MYELOID METAPLASIA
(AMM)—MYELOFIBROSIS WITH MYELOID
METAPLASIA (MMM)

AMM (also known as idiopathic MMM), is character-
ized initially by a hypercellular bone marrow,
extramedullary hematopoiesis, splenomegaly, and a
leukoerythroblastic peripheral blood picture. The dis-
ease can be defined as the causally unknown (agno-
genic) proliferation of hematopoietic cells (myeloid
cells) in organs or tissues that are not usually involved
in blood cell formation (metaplasia). Extramedullary
hematopoiesis is a term meaning that this blood cell for-
mation occurs outside the medullary or bone marrow
cavity. Leukoerythroblastic anemia means that WBCs
and RBCs of varying degrees of immaturity are seen in
the peripheral blood.

AMM occurs primarily in older patients. Nearly two
thirds of the cases occur between the ages of 50 and 70,
about equally in men and in women. Symptoms and
signs depend upon the stage of disease when the
patient is first encountered. Most often, symptoms are
related to anemia and/or an enlarged spleen.
Otosclerosis, which can be a presenting symptom in
advanced cases, causes deafness in about 10% of
patients.

Symptoms and signs depend upon the stage of dis-
ease when the patient is first seen. Classically, the
spleen is enlarged, the degree depending upon the
severity and/or duration of the disease. About a fourth

of the patients are asymptomatic and seek medical
attention solely because an enlarged spleen is found
on routine physical examination, or because of an
abnormal peripheral blood smear. Those patients who
become symptomatic suffer from fatigue, symptoms
related to an enlarged spleen, gout due to elevated uric
acid levels, and constitutional symptoms such as
weight loss, night sweats, fatigue, and peripheral
edema. The latter represent advanced symptoms.
Pressure of a large spleen on the stomach may lead to
delayed gastric emptying and early satiety.21 Myeloid
metaplasia may occur in unusual sites, such as the pul-
monary, gastrointestinal, and central nervous systems.
Although extramedullary hematopoiesis occurs fre-
quently in the lymph nodes, it rarely accounts for sig-
nificant nodal enlargement.

Splenomegaly may be found only on radiographic
or sonographic examination when it cannot be appre-
ciated clinically.

The hemoglobin ranges between 9 and 13 g/dL. The
WBC count is elevated in about half of the patients,
normal in one third, and low in the remainder.
Examination of the peripheral blood smear discloses a
shift toward granulocytic immaturity, including a few
myeloblasts and promyelocytes. Significant changes in
the RBCs include variation in size and shape and
teardrop-shaped forms (though teardrop forms are not
specific for AMM). Large fragments and clumps of
megakaryocytes and large platelets may be seen.
Nucleated RBCs are noted in advanced cases. The
platelet count may be increased, normal, or low,
depending upon the stage of disease.

The bone marrow aspirate in almost every patient
yields a “dry tap,” even when the marrow biopsy is
highly cellular. Recently, a prefibrotic stage of AMM
without splenomegaly has been defined, with the diag-
nosis based on bone marrow findings (see below).
Thus, unless a marrow examination is performed
when the patient is initially seen, the clinical diagno-
sis may be confused with ET. A bone marrow biopsy
shows panhypercellularity in the early stages of the
disease and, most strikingly, increased numbers of
morphologically atypical megakaryocytes appearing in
clusters.18,22 These changes occur when there is little
fibrosis, and have been labeled “the prefibrotic
state.”22 Previously, such patients had been incorrectly
thought to have ET.22 Often the nuclear segmentation
with hypolobulation of the megakaryocytes gives
rise to a bulbous or open nuclear appearance.
Megakaryocytes in AMM are more atypical than those
in other subtypes of MPDs, and consequently present
the major discriminating diagnostic hallmark. As the
disease progresses, there is a striking increase in retic-
ulin and collagen fibrosis. In advanced stages, overt
collagen and fibrous osteosclerosis is noted. Special sil-
ver stains demonstrate an increase in the amount of
reticulin fibers even before the classic increase in colla-
gen tissue occurs.
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Table 47.6 Suggested diagnostic criteria, essential
thrombocythemia

1. Sustained platelet count greater than 400 � 103/L

2. No cause for a reactive thrombocytosis due to inflamma-
tion, infection, bleeding, neoplasia, prior splenectomy

3. Hematocrit less than 40% or normal red blood cell (RBC)
mass

4. Stainable iron in the marrow or normal RBC mean cor-
puscular volume

5. No Ph chromosome or bcr/abl gene rearrangement

6. Bone marrow biopsy specimen showing proliferation-
mainly of the megakaryocytic lineage with increased
numbers of enlarged, mature megakaryocytes with
nuclei resembling staghorns

7. Collagen fibrosis of the bone marrow absent. Reticulin
fibrosis minimal or absent

8. No significant splenomegaly or leukoerythroblastic blood
film

9. No evidence of a myelodysplastic syndrome



Obviously, the true morphologic diagnosis of
myeloid metaplasia (or equivalently, extramedullary
hematopoiesis) rests upon the demonstration of this
process in the spleen and/or the liver; however, rarely
are the risks justified to make the diagnosis by biopsy
of either of these organs.

As the disease progresses, the spleen gradually
enlarges, as may the liver. Anemia becomes more
severe and is complicated both by iron deficiency
owing to bleeding from esophageal varices and by rel-
ative folic acid deficiency. The high portal blood flow
due to the enlarged spleen may cause “forward liver
failure,” portal hypertension, and ascites. Thrombosis
of the hepatic vein and development of the Budd–
Chiari syndrome have been recognized. Eventually,
the spleen may occupy the entire abdomen. Ascites
may develop.

MAKING THE DIAGNOSIS
The clinical diagnosis of AMM is highly unlikely in
the absence of a palpable spleen. Examination of the
peripheral blood smear is very important, as typical
teardrop RBCs, immature granulocytes, nucleated ery-
throid cells and abnormalities of platelet and megakary-
ocytic morphology are seen in the blood film. The diag-
nosis of early myelofibrosis requires an experienced
hematopathologist, but as the disease advances, the
degree of fibrosis and osteosclerosis makes the disease
readily apparent. As in ET, about 50% of patients express
abnormality of JAK2 in the periferal blood or marrow.23

In about 20% of patients with CML, significant
fibrosis is noted when the patient is first encountered.2

Therefore, appropriate cytogenetic and molecular tests
to exclude CML should be performed in patients with
AGM.
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48Chapter 48
TREATMENT APPROACH 
TO POLYCYTHEMIA VERA AND
ESSENTIAL THROMBOCYTHEMIA
Steven M. Fruchtman and Celia L. Grosskreutz

POLYCYTHEMIA VERA

INCIDENCE AND CLINICAL PRESENTATION
The incidence of  polycythemia vera (PV) is  slightly
higher in men than in women (2.8 vs 1.3 cases per
100,000 per year).1 The mean age at diagnosis is 62
years (range, 20– 85).2

The clinical presentation of patients with PV can be
nonspecific, and may include headaches (48%), weak-
ness (47%), dizziness (43%,) pruritus (43%), and
excessive sweating (33%). Most patients are asympto-
matic and come to a hematologist’s attention based on
a “routine” complete blood count (CBC).

Erythromelalgia (burning pain in the feet and
hands accompanied by erythema, pallor, or cyanosis)
is common in PV and is considered to be secondary to
microvascular thrombotic complications (also seen in
essential thrombocythemia, ET). It is more common
when platelet counts are above 400,000/	L.3

Venous and arterial thrombosis are also common in
PV patients and are related to increased blood viscosity
and other unknown factors. Major thrombotic events
can happen in 15% of the patients and include cere-
brovascular accidents, myocardial infarction, superficial
thrombophlebitis, deep venous thrombosis, pulmonary
emboli, Budd–Chiari syndrome, and mesenteric throm-
bosis.4

Gastrointestinal symptoms of peptic ulcer disease
are common and can be attributed to histamine release
from tissue basophils and from Helicobacter pylori.5

On physical exam, patients often will have spleno-
megaly (70%), facial plethora (67%), and hepatomegaly
(40%).

Laboratory abnormalities may include elevated
hematocrit and red blood cell mass in almost all
patients, platelet count �400,000/	L (in 60%), and a
white blood cell (WBC) count �12,000/	L (in 40%).
Bone marrow cellularity is increased in 90% of cases,
and iron storage is absent in 95%.

SURVIVAL 
Survival in symptomatic patients without treatment is
estimated to be between 6 and 18 months, and with
appropriate therapy �10 years. However, the mean sur-
vival is influenced by the age at diagnosis. Thus,
younger patients diagnosed and managed appropriately
can have longer survivals. The main causes of death are
thrombosis (29%), hematologic malignancies in those
treated in previous eras with alkylating agents (23%),
nonhematologic malignancies (16%), hemorrhage (7%),
and myelofibrosis with myeloid metaplasia (3%).6

DIAGNOSIS
The diagnosis of PV can be made with great confi-
dence if the proposed modified criteria are used, as
shown in Table 48.1.7 Despite its inclusion in Table
48.1, the need for routine red cell mass determination

Table 48.1 Proposed modified criteria for the diagnosis
of polycythemia vera

A1 Raised red cell mass (�25% above mean normal 
predicted value, or PCV �0.60 in males or 0.56 in 
females)

A2 Absence of cause of secondary erythrocytosis

A3 Palpable splenomegaly

A4 Clonality marker, i.e., acquired abnormal marrow 
karyotype

B1 Thrombocytosis (platelet count �400 � 109/L)

B2 Neutrophil leucocytosis (neutrophil count �10 � 109/L;
�12.5 � 109/L in smokers)

B3 Splenomegaly demonstrated on isotope or ultrasound 
scanning

B4 Characteristic BFU-E growth or reduced serum 
erythropoietin

A1 � A2 � A3 or A4 establishes PV; A1� A2 � two of B establishes
PV .

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



is controversial. Its major utility is in the evaluation of
border line elevations of hematocrit. It is important to
exclude secondary causes of erythrocytosis (Table 48.2)
related to increased erythropoietin, which may be
physiologically appropriate (e.g., high altitude, smok-
ing) or physiologically inappropriate (e.g., erythropoi-
etin-secreting  tumors). Thus, the measurement of
serum erythropoietin  is helpful in the differential diag-
nosis. PV patients have low or normal erythropoietin
production secondary to a negative feedback mecha-
nism. In contrast, patients with secondary erythrocyto-
sis typically have elevated erythropoietin levels.

TREATMENT
The aim of treatment is to prevent thromboses by reduc-
ing the elevated red cell mass, often with phlebotomy.
Some patients require cytoreductive drugs to control the
number of circulating blood elements, while others ben-
efit from low-dose aspirin. The only potentially curative
therapy is allogeneic stem cell transplantation. This is a
consideration only in patients who develop high-risk
postpolycythemic myeloid metaplasia with myelofibro-
sis, or transformation to acute leukemia.

Phlebotomies
Phlebotomies of 250–500 mL as frequently as every
other day should be performed until a hematocrit of
between 40 and 45% is obtained. In older adults and in
those with compromised hemodynamic status, only
250–300 mL should be removed each session, with a
frequency of not more than twice a week. Once a nor-
mal hematocrit is achieved, a blood count should be
checked every 4–8 weeks, and phlebotomy should be
performed  whenever the hematocrit is greater than
45% in men and 42% in women.8

Myelosuppression
Phlebotomy will not be able to control leukocytosis,
hyperuricemia, hypermetabolism, pruritus, and the
complication of splenomegaly that are seen in PV

patients. Patients treated with phlebotomy alone have
a higher incidence of serious thrombotic complica-
tions during the first 3 years of therapy when compared
to patients treated with myelosuppression.6 Thus,
older patients who are more prone to thrombotic dis-
ease should be treated with myelosuppression in addi-
tion to phlebotomy. Recent data from the European
Collaboration Low Dose Aspirin Trial in PV (ECLAP)
suggest that low-dose aspirin may also prevent certain
thrombotic complications.9

Hydroxyurea HU is an antimetabolite that prevents DNA
synthesis by inhibiting ribonucleoside reductase. The
initial dose is 15 mg/kg daily orally, and subsequent
adjustment of the dose is based on initial weekly blood
counts for a month, to control the hematocrit without
causing leukopenia or thrombocytopenia. If the WBC
count falls below 3500 cells/mm3 or the platelet count
falls to less than 100,000/ mm3 , HU is withheld until
these elements normalize, and then is reinstituted at
50% of the prior dose.  When the peripheral blood
count is maintained within an acceptable range on a
stable dose of HU, the interval between blood counts is
lengthened to every 2 weeks, and then to every 4 weeks. 

For patients who require frequent phlebotomies or
who have platelet counts greater than 600,000/mm3 ,
the dose of HU can be increased by 5 mg/kg daily at
monthly intervals, with frequent monitoring until
control is achieved. The majority of patients will be
controlled with doses between 500 and 1000 mg daily.
Supplemental phlebotomy is preferable to increased
myelosuppression to control the  hematocrit.

In emergency situations, particularly in those pre-
senting with signs of decreased cerebral perfusion in
the setting of an elevated hematocrit or marked throm-
bocytosis, more rapid control of disease may be crucial.

In these emergency situations, daily phlebotomy to
a hematocrit of 45% should be accompanied by a load-
ing dose of HU of 30 mg/kg/day for 7 days, followed by
a maintenance dose of 15 mg/kg daily. Besides the
requirement for close observation to prevent excessive
marrow suppression, acute toxicity of HU is rare; occa-
sionally, rash, fever, nausea, and oral or lower extremity
ulcerations may be seen. The leukemogenic potential of
HU is an issue that remains unsettled, though most evi-
dence indicate it has little or no potential to induce
leukemia.10,11 This has prompted trials with other agents
considered safe for long-term use, such as interferon-�
(IFN-�) and anagrelide.

Interferon-a IFN-� is a biologic response modifier that
suppresses the proliferation of hematopoietic progeni-
tors. In PV patients, IFN-� reduces the hematocrit to
below 45% in 60% of the patients. It is also highly
effective in controlling the platelet counts. The initial
dose of IFN-� is 3 million units three times per week
subcutaneously. Full response usually requires 6
months to a year of treatment. The major side effects
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Table 48.2 Common causes of secondary erythrocytosis

Congenital
Mutant high-oxygen-affinity hemoglobin
Congenital low 2,3-diphosphoglycerate
Autonomous high erythropoietin production

Acquired
Arterial hypoxemia (high altitude, cyanotic congenital
heart disease, chronic lung disease)

Other causes of impaired tissue oxygen delivery (smoking)
Renal lesions (renal tumors, cysts diffuse parenchymal 
disease, hydronephrosis, renal artery stenosis, renal 
transplantation)

Endocrine lesions (adrenal tumors)
Miscellaneous tumors (cerebellar hemangioblastoma, 
uterine fibroids, bronchial carcinoma)

Drugs (androgens)
Hepatic lesions (hepatoma, cirrhosis, hepatitis)



are flu-like symptoms, fever, and joint pain that can be
controlled with acetaminophen. Liver function abnor-
malities and depression are also seen. IFN-� does not
cross the placenta, and thus may be used in pregnant
women who have a need for myelosuppression,
although the majority of pregnant women do not have
an indication for marrow suppression and the CBC
may normalize during pregnancy. It can aid in the
treatment of pruritus.12

Anagrelide It is an oral quinazoline derivative that has a
profound effect on the maturation of megakaryocytes,
resulting in a reduction of platelet production. It con-
trols thrombocytosis in 66% of patients with PV or ET.
Time to response is between 17 and 25 days. It is also
reported to cause a minimal decrease in hematocrit. The
initial dose should be 0.5 mg orally twice daily.
Typically, steady state doses are 2.2–2.5 mg daily. The
most significant side effects include palpitations, fluid
retention, dizziness, and headaches; these are related to
the drug’s vasodilatory and inotropic properties. They
can be minimized by initially starting with a low dose,
such as 0.5 mg twice daily, and gradually increasing the
dose until control of the platelet count is achieved.
Patients with lactose intolerance may have diarrhea due
to packaging of anagrelide with lactose. Patients with
PV treated with anagrelide in one study developed acute
leukemia at a rate of 2.6% (13 of 455). However, all the
patients were previously exposed to other cytoreductive
agents. There were no patients who transformed to
acute leukemia who were exposed only to anagrelide.13

Antithrombotic therapy 
Low-dose aspirin, 80–100 mg daily, seems reasonable
to recommend, in addition to cytoreduction, for
patients who have a prior history of thrombosis or car-
diovascular disease.9 In addition, aspirin is effective for
the treatment of erythromelalgia and other microvas-
cular, neurologic, and ocular disturbances.

In patients with PV who continue to have thrombotic
or vascular symptoms, despite aspirin and good control
of the hematocrit and platelet count with phlebotomy
and myelosuppression, clopidogrel 75 mg daily or ticlopi-
dine 250 mg orally twice daily should be considered.14

ESSENTIAL THROMBOCYTHEMIA

INCIDENCE AND CLINICAL PRESENTATION
The incidence of essential thrombocythemia (ET) has
been reported to be 2.38 patients/100,000 popula-
tion/year. ET and PV appear to have approximately a 1:4
relative incidence,15 but ET may have been underdiag-
nosed until the recent introduction of routine platelet
counts included in the CBC. ET affects primarily mid-
dle-aged people, with an average age at diagnosis of
50–60 years. In several reports, a higher prevalence in
females bas been noted.

The presenting symptoms  of patients with ET are
variable. Many patients (12–67%) reach medical atten-
tion fortuitously, as a result of an extreme degree of
thrombocytosis detected when obtaining a routine
blood cell count. Most patients present with symp-
toms related to small- or large-vessel thrombosis or
minor bleeding. Neurologic complications are com-
mon, with  headaches being the most common and
paresthesias of the extremities second.16,17 Transient
neurologic symptoms seen in ET include unsteadiness,
dysarthria, dysphoria, motor hemiparesis, scintillating
scotomas, amaurosis fugaz, vertigo, dizziness, migraine-
like symptoms, syncope, and seizures.

Erythromelalgia refers to  a syndrome of redness
and burning pain in the extremities, and is usually
preceded by paresthesias. It is caused by microvascular
circulatory insufficiency. Cold is reported to provide
relief to these symptoms, while heat intensifies them.

Symptoms related to coronary artery disease or tran-
sient ischemic attacks may precede or accompany the
onset of erythromelalgia.16 Thrombosis of large veins
and arteries in patients with ET still occurs commonly,18

particularly in the arteries of the legs (30%), the coro-
nary arteries (18%), the renal arteries (10%), and splenic
and hepatic veins (Budd–Chiari syndrome) (7%).

Spontaneous abortion during the first trimester of
pregnancy was found in 43% of ET patients, compared
with 15% expected in the general population, and is
due to placental thrombosis leading to placental
infarction.19

Hemorrhagic problems plague some patients with
ET; the primary site of bleeding is the gastrointestinal
tract. Other sites of bleeding may be the skin, eyes,
urinary tract, gums, tooth sockets (following extrac-
tion), or brain. The syndrome of hemorrhagic throm-
bocythemia is closely correlated with a significant
increase of platelet counts in excess of  1000 � 106/L,
and is associated with pseudohyperkalemia.3,16 It is
also associated with the development of acquired
von Willebrand deficiency due to the absorption of
von Willebrand multimers by the platelets and
megakaryocytes.

Constitutional symptoms, such as weight loss,
sweating, low-grade fever, and pruritus, can occur in
20–30% of the patients, and can be improved with the
initiation of myelosuppressive therapy. Splenomegaly
is detectable in 40–50% of patients, and 20% have
hepatomegaly. 

CRITERIA FOR DIAGNOSIS OF ET

1. Platelet count �600,000/mm3 on two different
occasions, separated by a 1-month interval.20

2. Hemoglobin level �13 g/dL or normal red cell mass
(males �36 mL/kg and females �32 mL/kg).

3. Stainable iron in marrow or normal iron studies.
4. Collagen fibrosis of marrow:

(a) absent or 
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(b) �1/3 biopsy area without both splenomegaly
and leukoerythroblastic reaction.

5. Absence of the Philadelphia chromosome or the
fusion bcr/abl gene by polymerase chain reaction;
absence of clonal cytogenetics abnormalities associ-
ated with myelodysplastic disorders.

6. Absence of identifiable cause of reactive thrombocy-
tosis.

LABORATORY FINDINGS 
Laboratory findings include platelet count in the range
of 450,000–1,000,000/mm3, leukocytosis, basophilia,
and the presence of megathrombocytes in the periph-
eral smear. Marrow cellularity is increased in 90% of
the patients, with bizarre megakaryocytes with nuclear
pleomorphisms and clustering of megakaryocytes.
Enlargement of megakaryocytes with multilobulated
nuclei, and their tendency to cluster in small groups
along sinuses, is the hallmark of ET.21 The bone mar-
row may also appear normal.

Bleeding times are prolonged in 10–20% of the
patients. Platelet aggregation studies are frequently
abnormal, most often demonstrating impaired aggre-
gation in response to epinephrine, ADP, and collagen,
but not to arachidonic acid and ristocetin.22 Laboratory
features of acquired von Willebrand syndrome (simu-
lating type II vW factor deficiency) are associated with
a platelet count �1000 � 109/L. An enhanced throm-
botic risk in ET patients has been associated with a
reduction in the concentration of protein S, antithrom-
bin III, protein C, and resistance to activated protein C
resulting from an associated genetic defect in factor
V,23 along with patients who have both ET and
acquired anticardiolipin antibodies.

TREATMENT 
The optimal therapy for patients with ET remains
uncertain. Certain concepts, however, apply to all
patients. One is that the precise and correct diagnosis
is of utmost importance, and that all patients with ET
should stop smoking to minimize the risk factors asso-
ciated with atherosclerotic disease and thrombosis.
Indiscriminant use of high doses of nonsteroidal
anti-inflammatory drugs, especially in those patients
with extreme elevations in platelet numbers �1,500,000,
should be avoided because this practice can lead to an
increased risk of hemorrhage. Use of such agents is par-
ticularly common in the older age group in which ET is
common. Finally, cytoreductive agents such as those
that have been used in the past and have more
recently been shown to increase the rate of leukemic
transformation must be avoided.24

In a randomized trial of high-risk patients, cytore-
ductive therapy has been shown to lessen the chance
of developing additional thrombotic events.25 High-
risk patients include patients older than 60 years and
patients with a history of a previous thrombotic episode,

including erythromelalgia, transient ischemic attacks,
or large vessel thrombosis. Until a pharmacologic
agent is available that is well tolerated and is proven
safe for long-term use, no myelosuppressive therapy is
an acceptable alternative in asymptomatic patients
younger than 60 years. If a patient has a platelet count
�1,500 � 109/L and the acquired von Willebrand syn-
drome, platelet reduction therapy is also indicated to
avoid the high risk of hemorrhage. Patients with this
syndrome should avoid the use of aspirin.

In those patients requiring platelet reduction therapy,
the choice between the use of anagrelide, IFN-�, and HU
therapy is based upon patient age, ease of administra-
tion, comorbidities, and drug-related toxicity. In patients
older than 60 years, HU therapy is the treatment of
choice, while in younger patients, who may require
myelosuppression, we prefer to initiate therapy with
anagrelide. If a patient cannot tolerate anagrelide, we
then start therapy with HU. Although we remain con-
cerned about the leukemogenic potential of HU,
whether or not there is an increased risk is controversial;
clearly, the risk is less than that with alkylating agents or
32P. Those patients who initially receive HU and no
longer respond to this agent or suffer toxicity and
require another agent should not receive long-term 32P
or melphalan therapy. This sequence of administration
is associated with an extremely high risk of leukemic
transformation. Those patients who have had a trial of
HU and require further treatment should receive either
anagrelide or IFN-�. Doses of each of these agents
required for disease control will, of course, be dependent
on the target platelet level. 

Strict control to a platelet count �450 � 109/L may
lead to greater protection from thrombosis than
merely reduction to a level �600 � 109/L. There are no
randomized trials to support this approach, but the
available anecdotal information is compelling, and
this objective may be easier to achieve with anagrelide
or IFN-� than agents from previous eras, as neutrope-
nia can be avoided.26 Our success in achieving this
goal is dependent on the ability of the patient to toler-
ate the agents used. In the younger patient, if such
strict control is not achievable due to poor compliance
or toxicity associated with the agents used, we are sat-
isfied with continuing therapy and accepting a higher
platelet number in the 600 � 109/L range. In these
patients, the addition of low-dose aspirin (81 or 100
mg/day) should be considered; it is less clear to us if
those patients who achieve better platelet control with
cytoreductive therapy should also be so treated.
However, if one examines recent studies from Europe
in PV trying to address this question, the approach of
combining aspirin with cytoreduction in patients
requiring cytoreduction appears to minimize throm-
botic complications.9 In patients who suffer from
thrombotic episodes, particularly episodes involving
the microcirculation or large vessels, we administer
low-dose aspirin (81 mg/day). This dose of aspirin may
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increase the number of bleeding episodes to a modest
degree, but is effective in treatment of thrombotic
events, which are the major cause of mortality. 

HU can be started at a dose of 1 g/day and then
adjusted to achieve a target platelet count (�350 �109/L),
with care to avoid the development of significant
leukopenia. Anagrelide is initiated at 0.5 mg b.i.d. and
increased by 0.5 mg/day every 5–7 days, if platelet
counts do not begin to drop. The usual dose to achieve
platelet number control is 2.0–2.5 mg/day. There are
patients who do not tolerate either HU or anagrelide.
In this patient group, IFN-� therapy is initiated at 
3 million units three times per week subcutaneously.
Another choice for therapy is busulfan at 4 mg/day for
2-week courses every time the platelet count rises
above the normal range. Busulfan therapy is reserved
for patients older than 60 years, and those refractory
or intolerant to other approaches. Busulfan can precip-
itously drop platelet numbers, and thus patients
receiving this therapy should be monitored closely. 

We do not routinely treat patients younger than 40
years with cytoreduction, unless they already have
had thrombohemorrhagic symptoms, have significant
risk factors for atherosclerotic disease, or have other
comorbidities. Serious complications even in young,
otherwise healthy, patients with prolonged platelet
counts of �2.0 � 106/mm3 are unusual. However,
these marked elevations of platelet numbers can be
anxiety-provoking situations for both patient and
clinician; thus they may receive cytoreduction with
anagrelide.

In certain situations, even in young, low-risk
patients, treatment should be instituted. Surgery can
increase the risk of thrombosis and use of anti-inflam-
matory agents can increase the risk of bleeding post-
operatively. Under these circumstances, the platelet
count should be lowered to the normal range. In
pregnant patients with ET, low-dose aspirin therapy
is the first treatment option, except in the third
trimester of pregnancy, when prostaglandin
inhibitors should be avoided. If the patient develops
symptoms as a result of thrombosis within the vascu-
lature, platelet reduction therapy is necessary and
IFN-� therapy is the treatment of choice. As IFN does
not cross the placenta, it likely will not be terato-

genic. HU, anagrelide, and busulfan have been suc-
cessfully used to treat myeloproliferative disorders
during pregnancy, but they are probably teratogenic
if used during the first trimester. If such agents are
needed, they should be instituted after the first
trimester, but ideally should be avoided.

In a patient with ET and a serious acute hemor-
rhagic event, the site of bleeding should be immedi-
ately determined and antiplatelet aggregating agents
stopped. Although the platelet count may be high,
these platelets should be considered to be qualitatively
abnormal, leading to defective hemostasis. The patient
may be suffering from acquired von Willebrand syn-
drome. In patients with acquired von Willebrand syn-
drome, DDAVP or Factor VIII concentrates containing
von Willebrand factor can be used in the setting of a
bleeding episode. If acquired von Willebrand syn-
drome is not present, the transfusion of normal
platelets is suggested. In those patients with persistent
hemorrhage, immediate reduction of the platelet
count can be achieved by plateletpheresis. HU at 2–4
g/day for 3–5 days should be administered immedi-
ately, then reduced to 1 g/day. Any patient receiving
HU should be monitored for the onset of granulocy-
topenia and/or thrombocytopenia. Reduction of platelet
counts is usually observed within 3–5 days of HU
treatment. Anagrelide can also be employed in this
scenario, at a dose of at least 2 mg/day, and increased
as required to control platelet numbers.

In contrast, patients with acute arterial thrombosis
require immediate institution of platelet antiaggregat-
ing agents. Aspirin at a dose of 81 mg/day is suggested.
Patients with erythromelalgia or transient ischemic
attacks will have a rapid cessation of symptoms fol-
lowing the use of low-dose aspirin. In a patient with a
life-threatening arterial thrombosis, the platelet count
should be lowered with either a combination of
apheresis and HU or with HU alone, depending on the
severity of the event. Surgical intervention may also
be required.  If the arterial thrombosis involves the
microcirculation and is not life threatening (transient
ischemic attacks or erythromelalgia), immediate low-
dose aspirin therapy is indicated and platelet reduc-
tion therapy (HU, anagrelide, or IFN-�) can be initi-
ated using standard dose and schedule.13,27–35

1. Ania BJ, Suman VJ, Sobell JL, et al.: Trends in the 
incidence of polycythemia vera among Olmsted County,
Minnesota residents, 1935–1989. Am J Hematol 47:89–93,
1994.

2. Berlin NI: Diagnosis and classification of the poly-
cythemias. Semin Hematol 12:339–351, 1975.

3. Michiels JJ: Erythromelalgia and vascular complica-
tions in polycythemia vera. Semin Thromb Hemost
23:441–454, 1997.

4. De Stefano V, Teofili L, Leone G, et al.: Spontaneous ery-
throid colony formation as the clue to an underlying

myeloproliferative disorder in patients with Budd–Chiari
syndrome or portal vein thrombosis. Semin Thromb
Hemost 23:411–418, 1997.

5. Torgano G, Mandelli C, Massaro P, et al.:
Gastroduodenal lesions in polycythaemia vera: fre-
quency and role of Helicobacter pylori. Br J Haematol
117:198–202, 2002.

6. Berk PD, Wasserman LR, Fruchtman SM, et al.:
Treatment of polycythemia vera: a summary of clinical
trials conducted by the polycythemia vera study group.
In: Wasserman LR, Berk PD, Berlin NI (eds.) Polycythemia

REFERENCES



Vera and the Myeloproliferative Disorders. Philadelphia, PA:
Saunders; 1995:166.

7. Pearson TC: Diagnosis and classification of erythrocy-
toses and thrombocytoses. Baillieres Clin Haematol
11:695–720, 1998.

8. Streiff MB, Smith B, Spivak JL: The diagnosis and man-
agement of polycythemia vera in the era since the
Polycythemia Vera Study Group: a survey of American
Society of Hematology members’ practice patterns. Blood
99:1144–1149, 2002.

9. Landolfi R, Marchioli R, Kutti J, et al.: Efficacy and safety
of low-dose aspirin in polycythemia vera. N Engl J Med
350:114–124, 2004.

10. Fruchtman SM, Mack K, Kaplan ME, et al.: From efficacy
to safety: a Polycythemia Vera Study group report on
hydroxyurea in patients with polycythemia vera. Semin
Hematol 34:17–23, 1997.

11. How safe is hydroxyurea in the treatment of poly-
cythemia vera? Haematologica 84:673–674, 1999.

12. Berlin N, Berlin NI: Polycythemia vera. Hematol Oncol
Clin North Am 17:1191–1210, 2003.

13. Fruchtman SM, Petitt RM, Gilbert HS, et al.: Anagrelide:
analysis of long term safety and leukemogenic potential
in myeloproliferative diseases (MPDs). Presented at:
Annual Meeting of the American Society of Hematology;
2002; Philadelphia, PA.

14. Cuisset T, Frere C, Quilici J, et al.: Behefit of a 600 mg
loading dose of clopidogrel on platelet reactivity and
clinical outcomes in patients with non-ST-segment ele-
vation acute coronary syndrome undergoing coronary
stenting. J Am Coll Cardiol 48:1339–1345, 2006.

15. Mesa RA, Silverstein MN, Jacobsen SJ, et al.: Population-
based incidence and survival figures in essential thrombo-
cythemia and agnogenic myeloid metaplasia: an Olmsted
County Study, 1976–1995. Am J Hematol 61:10–15, 1999.

16. Michiels JJ, van Genderen PJ, Lindemans J, et al.:
Erythromelalgic, thrombotic and hemorrhagic manifes-
tations in 50 cases of thrombocythemia. Leuk Lymphoma
22(suppl 1):47–56, 1996.

17. Michiels JJ, van Genderen PJ, Jansen PH, et al.: Atypical
transient ischemic attacks in thrombocythemia of vari-
ous myeloproliferative disorders. Leuk Lymphoma
22(suppl 1):65–70, 1996.

18. Johnson M, Gernsheimer T, Johansen K: Essential throm-
bocytosis: underemphasized cause of large-vessel throm-
bosis. J Vasc Surg 22:443–447, 1995; discussion 448–449.

19. Griesshammer M, Heimpel H, Pearson TC: Essential
thrombocythemia and pregnancy. Leuk Lymphoma
22(suppl 1):57–63, 1996.

20. Murphy S, Peterson P, Iland H, et al.: Experience of the
Polycythemia Vera Study Group with essential thrombo-
cythemia: a final report on diagnostic criteria, survival,
and leukemic transition by treatment. Semin Hematol
34:29–39, 1997.

21. Georgii A, Buhr T, Buesche G, et al.: Classification and
staging of Ph-negative myeloproliferative disorders by
histopathology from bone marrow biopsies. Leuk
Lymphoma 22(suppl 1):15–29, 1996.

22. Finazzi G, Budde U, Michiels JJ: Bleeding time and
platelet function in essential thrombocythemia and
other myeloproliferative syndromes. Leuk Lymphoma
22(suppl 1):71–78, 1996.

23. Ruggeri M, Gisslinger H, Tosetto A, et al.: Factor V
Leiden mutation carriership and venous thromboem-
bolism in polycythemia vera and essential thrombo-
cythemia. Am J Hematol 71:1–6, 2002.

24. Cortelazzo S, Finazzi G, Ruggeri M, et al.: Hydroxyurea
for patients with essential of thrombocythemia and a
high risk of thrombosis. NEJM 332:1132–1136, 1995.

25. Ruggeri M, Finazzi G, Tosetto A, et al.: No treatment for
low-risk thrombocythemia results from a prospective
study. Br J Haem 103:772–777, 1998.

26. Fruchtman SM, Pettit R, Gilbert H, et al.: Anagrelide
therapy significantly reduces desease related symptoms
in patients with myeloproliferative disorders. Blood
102(a), 2003. 

27. Wright CA, Tefferi A: A single institutional experience
with 43 pregnancies in essential thrombocythemia. Eur J
Haematol 66:152–159, 2001.

28. van Genderen PJ, Mulder PG, Waleboer M, et al.:
Prevention and treatment of thrombotic complications
in essential thrombocythaemia: efficacy and safety of
aspirin. Br J Haematol 97:179–184, 1997.

29. Finazzi G, Ruggeri M, Rodeghiero F, et al.: Second malig-
nancies in patients with essential thrombocythaemia
treated with busulphan and hydroxyurea: long-term fol-
low-up of a randomized clinical trial. Br J Haematol
110:577–583, 2000.

30. Finazzi G, Barbui T: Efficacy and safety of hydroxyurea
in patients with essential thrombocythemia. Pathol Biol
(Paris) 49:167–169, 2001.

31. Finazzi G, Ruggeri M, Rodeghiero F, et al.: Efficacy and
safety of long-term use of hydroxyurea in young patients
with essential thrombocythemia and a high risk of
thrombosis. Blood 101:3749, 2003.

32. Hanft VN, Fruchtman SR, Pickens CV, et al.: Acquired
DNA mutations associated with in vivo hydroxyurea
exposure. Blood 95:3589–3593, 2000.

33. Storen EC, Tefferi A: Long-term use of anagrelide in
young patients with essential thrombocythemia. Blood
97:863–866, 2001.

34. Elliott MA, Tefferi A: Interferon-alpha therapy in poly-
cythemia vera and essential thrombocythemia. Semin
Thromb Hemost 23:463–472, 1997.

35. Tomer A: Effects of anagrelide on in vivo megakaryocyte
proliferation and maturation in essential thrombo-
cythemia. Blood 99:1602–1609, 2002.

Part II ■ MYELODYSPLASTIC SYNDROMES AND MYELOPROLIFERATIVE DISEASES474



Chronic idiopathic myelofibrosis (CIMF) is a chronic
myeloproliferative disorder first described in 1879 by
Gustav Heuck1 with a report of two patients with mas-
sive splenomegaly, constitutional symptoms, and
intramedullary fibrosis. This disorder was further
defined as a distinct entity in the twentieth century as
agnogenic myeloid metaplasia2 (AMM). AMM was sub-
sequently categorized as a subset of myelofibrosis with
myeloid metaplasia (MMM).3 The diagnosis of MMM
includes patients with a de novo presentation (i.e.,
AMM) as well as those who progressed from a previous
chronic myeloproliferative disorder (specifically essen-
tial thrombocythemia or polycythemia vera4) to the
disorders of postthrombocythemic (PTMM) and post-
polycythemic myeloid metaplasia (PPMM), respec-
tively.3 As the clinical presentation, prognosis, and
management are indistinguishable for both de novo
CIMF and the secondary states of PTMM and PPMM,
we will refer to MMM as one disease. 

MMM is a clonal5 hematopoietic stem disorder,
resulting in two major processes. The first process is a
myeloproliferation that is manifest by an intramedullary
expansion of one or more myeloid lineages, resulting
frequently in either leukocytosis and/or thrombocy-
tosis. Additionally, an increase in circulating imma-
ture myeloid cells is observed which can accumu-
late in the spleen, liver, or other organs and lead to
extramedullary hematopoiesis. The second is a promi-
nent, polyclonal reactive process within the marrow,
which leads to fibroblast proliferation, deposition of
collagen (types I and III) and other connective tissues
(i.e., fibronectin and proteoglycans), neoangiogene-
sis,6 osteosclerosis, reticulin fibrosis, and ineffective
hematopoiesis.

INITIAL ASSESSMENT

CLINICAL PRESENTATION
Patients with MMM have a tremendous degree of vari-
ability in symptoms, exam findings, and laboratory
abnormalities. Typically, patients present in the sev-
enth decade of life (median age 677), although MMM
can be diagnosed at any age. Symptoms related to
MMM can be broken down into one of three main cat-
egories.

MYELOPROLIFERATIVE SYMPTOMS
Increases in circulating mature (i.e., neutrophils)
and immature (i.e., myelocytes, metamyelocytes,
myeloblasts, etc.) myeloid cells occur in varying
degrees in MMM. These cells have a propensity for
accumulation in the reticuloendothelial system, par-
ticularly in the spleen and liver.8 These organs
expand to accommodate the burden of myeloid cells,
and the resulting hepatosplenomegaly may lead to
pain, early satiety, sequestration of erythrocytes and
platelets, and portal hypertension.9 Extramedullary
hematopoiesis also can occur in the lungs (leading to
pulmonary hypertension10), abdomen, spine,11 and
pericardium.12

CYTOPENIAS
Cytopenias of varying severity are characteristic of
MMM and are multifactorial. Anemia is the most
common cytopenia and can be caused by (1) ineffec-
tive hematopoiesis, (2) decreased marrow production
capability because of the severity of the reactive fibro-
sis, (3) splenic sequestration, (4) myelosuppression
from MMM therapy (i.e., from hydroxyurea), (5)
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hemolysis, or (6) bleeding from the gastrointestinal
tract (e.g., from varices resulting from portal hyper-
tension). Thrombocytopenia also occurs in MMM,
although it is less common than anemia at presenta-
tion, and may result from the same factors that cause
anemia, as well as from consumption through dissem-
inated intravascular coagulation.

CONSTITUTIONAL SYMPTOMS
These include hypermetabolic symptoms of fever,
night sweats, and unintentional weight loss. In addi-
tion, mild-to-overwhelming fatigue may occur fre-
quently in excess of what would be anticipated with
respect to the degree of the patient’s anemia. Lastly,
bone pain (thought to result from intramedullary
expansion from myeloproliferation) may occur and
may be severe.

EVALUATION OF PROGNOSIS

MMM is a disease with a wide degree of prognostic
variability, with most patients eventually expiring
from their disease in the absence of leukemic transfor-
mation (LT). Several prognostic factors have been
examined, with the most useful being the Lille criteria
for MMM,13 which include the presence or absence of
anemia (hemoglobin �10 g/dL) or extremes of leuko-
cyte count (�4 or �30 � 109/L). The Lille criteria mod-
eled median survival in MMM patient groups of 93,
26, and 13 months, respectively, based on the presence
of 0, 1, or 2 abnormalities. Additional negative prog-
nostic factors include increasing age,14 increased circu-
lating myeloblasts at diagnosis,15 increased peripheral
blood CD34� cell count,16 and abnormal karyotypic
analysis14 (especially trisomy 8 and deletions of the
“p” arm of chromosome 12).

HEMATOPOIETIC STEM
CELL TRANSPLANTATION

MYELOABLATIVE ALLOGENEIC STEM 
CELL TRANSPLANT
Allogeneic hematopoietic stem cell transplantation is
the only therapy that has the potential to be curative
in MMM (see Table 49.1). Guardiola and colleagues26

performed myeloablative allogeneic transplants in
55 MMM patients (median age 42). The 5-year sur-
vival was approximately 50%, with a 27% 1-year
transplant-related mortality and 33% experiencing
grade III–IV acute graft-versus-host disease (GvHD).
Subsequent trials have confirmed the potential for
long-term complete response with allogeneic stem
cell transplant, but at the cost of significant short-
and long-term risk, particularly in older patients (see
Table 49.1).

Deeg and colleagues23 reported data on 56 patients
with MMM receiving allogeneic stem cell transplanta-
tion (with a range of mainly busulfan-based condi-
tioning regimens) and showed a 3-year survival of 58%
(highest with “targeted” busulfan conditioning). Several
patients demonstrated sustained absence of obvious
features of diseases (splenomegaly or intramedullary
fibrosis). Nonrelapse mortality was 18/56 (32%), with
68 and 59% incidences of acute (grades II–IV) and
chronic GvHD (extensive in 90% of those afflicted),
respectively. Posttransplant mortality was highest in
those with poor Lille prognosis,13 karyotypic abnor-
malities, and severe marrow fibrosis.

NONMYELOABLATIVE STEM CELL 
TRANSPLANT IN MMM
Allogeneic transplant with reduced intensity condi-
tioning regimens have recently shown promise in the
therapy of MMM.21 A series by Rondelli and col-
leagues24 of 20 “high-risk” MMM patients (by Lille cri-
teria27) with a median age of 54 years underwent
reduced intensity conditioning allogeneic transplant.
Survival was 90% at 18 months, with a 10% transplant-
related mortality (both from complications of GvHD).
Chronic GvHD (�grade II) was present in 50% of
evaluable patients. Significant clinical improvement
was noted in many, but extent and duration of remis-
sion have not yet been published.

AUTOLOGOUS STEM CELL TRANSPLANT IN MMM
Autologous stem cell transplantation has the advan-
tage of use in (1) older patients, (2) those without an
HLA match, and (3) those who would not tolerate an
allogeneic transplant. A multicenter, pilot, study of 21
MMM patients who received an autologous stem cell
(mobilized with granulocyte colony-stimulating fac-
tor) transplant25 was recently published with several
interesting findings. The procedure was overall surpris-
ingly well tolerated (transplant-related mortality 3/21;
1� day 100), with improvements seen in both cytope-
nias and myeloproliferative symptoms.

MEDICAL SURGICAL AND
RADIOTHERAPEUTIC OPTIONS IN CIMF

No therapy, other than perhaps stem cell transplant,
has been shown to impact the survival of MMM
patients. Thus, nontransplant management strategies
are palliative in orientation and goal. When palliative
therapy is appropriate, it is necessary to identify which
disease manifestations truly affect quality of life (see
Figure 49.1). Currently, there has been only modest
success with palliating myeloproliferative and cytope-
nia-associated symptoms, with no real success in
either improving MMM-associated constitutional
symptoms or preventing blastic transformation.
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17 AMM Allo 55 42 Varied NR 27% 60% acute, 22/55 had CR 
(6 ALT) (4–53) 27/45 Adverse 

chronic prognostic
anemia,
osteosclerosis,
abnormal
karyotype, 
increasing age

18 MMM Allo 66 NR Varied NR NR NR 5-year survival 
14% (age �45
years); 62% 
(age �45)
Delayed
engraftment if 
pre-HSCT
anemia
Osteosclerosis
associated with 
GvHD

19 MMM Allo 50 43 NR NR NR NR 50% 5-year 
(10–66) disease-free 

survival
“Better”
outcomes for 
patients �45
than seen by 
Guardiola et al.

20 PPMM Allo 19 43 Varied 27% 37% 47% 47% with 
PTMM (8 ALT) (18–59) sustained CR 

(median 41 
months after 
HSCT)

21 MMM Allo 4 48–58 Fludarabine/ 0 0 25%, 1/4 with acute 
(RIC) mel phalan 75% GvHD

3/4 with 
chronic GvHD

22 MMM Allo 25 48 Cy-TBI (n 
 23) 20% 48% 52% acute, 36% VOD
(46–50) Bu-Cy (n 
 2) 58% 20% long-term

chronic CR (median 
35 months 
follow-up)

23 MMM Allo 56 43 BuCy (n 
 44) 14.3% NR 68% acute, “Targeted 
(10–66) Bu-TBI (n 
 7) 59% Bu-Cy” 76% 

Cy-TBI (n 
 5) chronic survival
53% alive 
without fibrosis 
(�1 year 
posttransplant)

24 MMM Allo 20 54 Varied 0% 10% 25% acute, 10% TRM
(RIC) (27–68) 50% 90% survival 

chronic at 18 months
Long-term
remission rate 
not clear

Age
median Mortality

Reference Disease Graft N (range) Conditioning �Day 100 NRM GvHD Results

Table 49.1 Published results for hematopoietic stem cell transplantation in MMM

table  continues



THERAPY OF CYTOPENIAS

TRANSFUSIONS
Direct replacement of red blood cells through transfu-
sion is the cornerstone of palliating anemia-related
symptoms in MMM. Currently, there are no data to
support the routine use of iron chelation therapy for
prevention of secondary iron overload in these trans-
fusion-dependent individuals. Indeed, there are no
data demonstrating definitive end-organ toxicity from
iron overload in MMM patients. Unfortunately, the

poor prognosis associated with transfusion dependence
in MMM results in a short survival duration, making
concerns over long-term effects of iron overload moot.

Platelet transfusions in MMM are less frequently
required, but lead to alloimmunization more rapidly
than erythrocyte transfusions. Therefore, platelet trans-
fusions in MMM should be limited to hemorrhagic
episodes or thrombocytopenia severe enough that
risks of spontaneous bleeding are unacceptable
(platelet counts �10 � 109/L or higher in clinical sce-
narios, such as fever).
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Age
median Mortality

Reference Disease Graft N (range) Conditioning �Day 100 NRM GvHD Results

Table 49.1 continued

HSCT, hematopoietic stem cell transplantation; NRM, nonrelapse mortality; GvHD, graft-versus-host disease; AMM, agnogenic myeloid
metaplasia; MMM, myelofibrosis with myeloid metaplasia; PPMM, postpolycythemic myeloid metaplasia; PTMM, postthrombocythemic
myeloid metaplasia; VOD, veno-occulsive disease; Allo, allogeneic stem cell transplant; ALT, alternative donor (i.e., matched unrelated, hap-
loidentical); Bu, busulfan; Cy, cyclophosphamide; TBI, total body irradiation.

25 MMM Auto 21 59 Oral busulfan 5% 14% NA Anemia 
(45–75) response 10/17 

Platelet
response 4/8
Spleen response
7/10

Figure 49.1 Symptomatic approach to implementing palliative therapies in patients with MMM



ERYTHROPOIETIN
The administration of exogenous erythropoietin has
been occasionally helpful for MMM-associated anemia.
Rodriguez et al.28 described their experience and con-
ducted a meta-analysis of patients with MMM treated
with erythropoietin. A response rate of 33% was seen,
with doses of up to 600 units/kg/week being required.
Patients with serum erythropoietin levels of �125
mU/mL had the highest likelihood of response.
Responses to exogenous erythropoietin most fre-
quently occurred within 2–3 months, with responses
ranging from mild decreases in transfusion depen-
dence to complete transfusion independence.

ANDROGENS
Androgens have been beneficial for the treatment of
MMM-associated anemia. Various androgen formula-
tions have been used in MMM patients, including nan-
drolone,29 oxymetholone, and danazol.30,31 Doses of
danazol in the range of 600–800 mg/day led to
responses in four out of seven patients (treated from 
3 to 6 months) with MMM anemia in a report by
Cervantes et al.30 In this study, responders had either
previously been splenectomized, or had only modest
splenomegaly. In addition, it has been suggested that
MMM patients with karyotypic abnormalities are less
likely to respond to palliative androgen therapy.29

THALIDOMIDE
Initial pilot studies with thalidomide in MMM were
dose escalating, starting with 100 mg of thalidomide

per day32–40 (see Table 49.2). The published trials of
thalidomide as single-agent therapy in MMM had sev-
eral interesting findings. First, the activity observed in
these trials was mainly manifest in the improvement
of cytopenias (anemia and thrombocytopenia), with
less frequent improvement in splenomegaly. In addi-
tion, patients with MMM did poorly with dose escala-
tion, and in fact did not tolerate the agent well even at
doses of 200 mg/day of thalidomide. Finally, a subset
of MMM patients can experience unwanted myelopro-
liferation with thalidomide therapy.43 Interestingly,
myeloproliferation has even been observed in patients
without prior identified myeloproliferative disorders.44

In excess of 100 patients with MMM have been
reported in the literature to have received thalidomide
as single-agent therapy for their disease. These trials
(outlined in Table 49.2) demonstrate that thalidomide
does appear to be reproducibly active in improving
anemia and thrombocytopenia in approximately
30–40% of patients, with more modest relief from
symptomatic hepatosplenomegaly. Subsequent trials
using low-dose thalidomide (50 mg/day) appear to
retain the activity but with less toxicity (see Table
49.2). Additionally, the combination of 50 mg/day of
thalidomide with a corticosteroid taper41 has resulted
in improvements in the toxicity profile, decreases in
toxicity dropout, and equivalent if not superior effi-
cacy. Responses, when obtained, to thalidomide can be
durable even after discontinuation of the drug. In a
recent report45 of long-term outcomes with thalido-
mide among initial responders, 35% (7 of 20 patients)
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Single-agent thalidomide trials

Elliott et al. 34 15 ∗50 400 20 80 7

Barosi et al. 32 21 100 400 43 66.7 20

Canepa et al. 33 10 200 800 30 30 30

Pozzato et al. 39 6 100 NR 50 NR 0

Piccaluga et al. 38 12 100 600 25 25 16.7

Grossi et al. 35 7 50 150 43 57 72

Merup et al. 37 15 200 800 0 0 0

Strupp et al. 40 16 100 400 60 71 23

Marchetti et al. 36 63 50 400 22 22 19

Combination thalidomide trials

Mesa et al. 41 21 50 50 62 75 19
(THAL� PRED)

Visani et al. 42 1 100 400 100 NA 100
(THAL � EPO)

Anemia response Platelet response Spleen response
Author Reference N Min Max (%) (%) (%)

Table 49.2 Published clinical trials of thalidomide in CIMF

Min, minimum thalidomide dose; Max, maximum thalidomide dose.
Note: Several trials include patients with PPMM and PTMM, respectively.



maintained a hematologic response for 16–31 months
after discontinuation of thalidomide and keeping off
all other therapies for MMM. Recent trails with
linalidomide show similar results with less toxicity.

THERAPY OF MYELOPROLIFERATIVE
SYMPTOMS

The palliation of symptomatic extra-medullary
hematopoiesis (EMH) in MMM is accomplished
through either nonspecific myelosuppressive drug
therapy (in an attempt to decrease the contributory
circulating myeloid progenitor pool) or targeted
cytoreduction, using either radiotherapy or surgery.

SPLENOMEGALY
The surgical removal of the spleen is one of the oldest
acknowledged therapies for MMM46 (see Table 49.3),
yet has only been palliative in benefit with significant
risks (bleeding and infection) of perioperative and long-
term complications (i.e., thrombocytosis). If splenec-
tomy is only palliative and risky in MMM, should any
MMM patient be splenectomized? In a recent retrospec-
tive review from our institutional experience with 223
splenectomized MMM patients, we found that patients
with certain surgical indications were more likely to
experience clinical benefit.9 Specifically, patients
whose primary indication for splenectomy was painful
splenomegaly experienced durable symptomatic relief
and occasional improvement in refractory anemia.
However, we found only marginal benefit in patients
splenectomized to ameliorate portal hypertension, and
adverse outcomes in patients splenectomized for
thrombocytopenia. The latter group also experienced
increased morbidity and mortality with the procedure.
Additionally, postoperative risks of significant thrombo-
cytosis were associated with increased preoperative
platelet counts. Therefore, our current recommenda-
tions are to offer palliative splenectomy to individuals
with refractory, severely symptomatic, splenomegaly
(unresponsive to hydroxyurea) with aggressive post-
operative control of thrombocytosis (with platelet-
lowering agents �/� platelet apheresis).

Hydroxyurea
Hydroxyurea is a useful, oral, well-tolerated, nonspe-
cific myelosuppressive agent that can reduce the leuko-
cytosis and occasional thrombocytosis associated with
MMM.77 The reduction of leukocytosis in MMM is clin-
ically useful only if it is extreme and symptomatic, or if
the reduction in leukocytosis leads to a significant
reduction in splenomegaly (seen in approximately 25%
of patients). Occasionally, substantial doses of hydrox-
yurea (2–3 g/day) are needed to achieve a meaningful
reduction in splenomegaly. Hydroxyurea may poten-
tially exacerbate anemia or thrombocytopenia (if pre-
sent), but supplemental exogenous erythropoietin may
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Hickling 47 1937 27 56

Bukh and With 48 1945 1 0

Green et al. 49 1953 5 0

Videbaek 50 1956 3 0

Jensen 46 1964 6 16

Gomes et al. 51 1967 15 27

Schwartz et al. 52 1970 12 8

Morgenstern 53 1971 20 15

Milner et al. 54 1973 13 0

Silverstein 55 1974 29 24
and Remine

Gale et al. 56 1974 7 0

Mulder et al. 57 1977 19 5

Cabot et al. 58 1978 19 5

Little 59 1978 8 0

Silverstein 60 1979 50 10
and Remine

Benbassat 61 1979 321 7.5
and Ligumski

Jarvinen et al. 62 1982 30 6.7

Coon 63 1982 34 12
and Liepman

Musser et al. 64 1984 17 18

Sharp et al. 65 1985 12 8

Dotevall et al. 66 1987 1 0

Benbassat et al. 67 1990 307 13

Brenner et al. 68 1988 34 15

Schmitz et al. 69 1992 1 0

Barosi et al. 70 1993 71 8

Lafaye et al. 71 1994 39 13

Jameson et al. 72 1996 3 0

Mittelman 73 1997 8 0
et al.

Bohner et al. 74 1997 7 NR

Barosi et al. 75 1998 87 NR

Tefferi et al. 9 2000 223 9

Akpek et al. 76 2001 26 11

Number Mortality
Study Reference Year of patients (%)

Table 49.3 Reports of therapeutic splenectomy in
CIMF/MMM

be used to ameliorate the associated anemia.
Complications of hydroxyurea may include lower
extremity ulceration78 and undesired myelosuppres-
sion exacerbating underlying cytopenias.



Alkylating agents
Melphalan is an orally bioavailable alkylating agent with
myelosuppressive properties. The action of alkylating
agents in MMM includes a direct, nonspecific myelosup-
pression, and therefore they may potentially palliate
symptoms associated with myeloproliferation.79 A clini-
cal trial was recently reported in MMM using low doses
of melphalan.80 Over a 7-year period, 104 patients with
MMM were treated with 2.5 mg of oral melphalan three
times a week. The agent was active, with 66% of patients
achieving a response after a median of 7 months of
therapy. The greatest impact was on myeloproliferative
manifestations. However, the major reason for study dis-
continuation was blastic transformation in 26% of the
study cohort, as high as 48% in pretreated patients.
Thus, the long-term use of melphalan in MMM may
increase the risk of LT and should be used only in appro-
priate circumstances (e.g., the older patient who needs
myelosuppression and is not a candidate for/or has not
responded to hydroxyurea).

2-Chlorodeoxyadenosine
Therapeutic splenectomy in MMM may result in
extreme thrombocytosis, leukocytosis, and accelerated
hepatomegaly.81 Palliative benefit from the purine
nucleoside analog 2-chlorodeoxyadenosine (2-CdA)
has been reported to provide beneficial cytoreduction
in such instances.81 The agent has been used successfull
in MMM in either of two common schedules (0.10
mg/kg intravenously by continuous infusion for 7 days
or 5 mg/m2 intravenously over 2 h for five consecutive
days per cycle). 2-CdA (after a median of one to two
cycles) responses were observed in 55, 50, 55, and 40%
of patients for hepatomegaly, thrombocytosis, leuko-
cytosis, and anemia, respectively. Cytopenias were
frequent, but usually transient and without clinical
consequence. Responses were sustained for a median
of 6 months after discontinuation of the treatment.

Other agents
Recent clinical trials with novel therapies, such as
lenalidomide (Revlimid), the farnesyltransferase
inhibitor tipifarnib82 and the oral vascular endothelial
growth factor inhibitor PTK78783 have demonstrated
preliminary benefits in reducing MMM-associated
organomegaly. Durability and overall efficacy of these
agents for the disorder have not yet been reported.

Splenic Radiation
Several reports (see Table 49.4) have described the pal-
liative benefit to external beam radiation in improving
symptomatic splenomegaly in MMM.88,89 The Mayo
Clinic experience88 described a group of 23 MMM
patients who received a median radiation course of
277 cGy in a median of eight fractions. An objective
decrease in spleen size was noted in 94% of patients;
however, 44% of patients experienced posttreatment
cytopenias (26% were severe and 13% fatal). In addi-

tion, splenic radiation seemed to increase morbidity
and mortality of subsequent splenectomy when under-
taken. Splenic radiation is effective for palliating
MMM-associated splenomegaly but should be limited
to patients with adequate platelet counts, and to those
who are not likely to be splenectomized.

NONSPLENIC EXTRAMEDULLARY
HEMATOPOIESIS

Myeloid progenitors are sensitive to the cytotoxic
effects of external beam radiotherapy (XRT); therefore,
it is reasonable to hypothesize that judicious use of
radiotherapy may reduce symptomatic aggregations of
extramedullary hematopoiesis. Indeed, palliative radio-
therapy has been used successfully in a variety of set-
tings in MMM (see Table 49.4).

LUNGS
The sequestration of myeloid precursors into the pul-
monary parenchyma can lead to symptomatic pul-
monary hypertension in MMM.10 We have recently
reported our experience with single-fraction, low-dose
(100 cGy) external beam radiation to the lungs for pal-
liating MMM-associated pulmonary hypertension.94 A
total of seven patients at our institution have experi-
enced a palliative benefit from pulmonary XRT demon-
strated by improved performance status, decreased pul-
monary artery pressures on echocardiography, and less
EMH on lung 99mTc sulfur colloid scans.

LIVER
The experience with palliative radiotherapy for MMM-
associated hepatomegaly has been less positive than
for the spleen.91 Though responses can be achieved
with irradiating the liver, they are not durable. In addi-
tion, the exacerbation of underlying cytopenias
(which are invariably present) are problematic. Indeed,
routine irradiation of the liver is not recommended,
and if cytoreduction is required then medical therapy
(i.e, hydroxyurea) should be considered.

THERAPY OF CONSTITUTIONAL
SYMPTOMS

MMM is variably associated with a wide range of con-
stitutional symptoms. The most common of these is
fatigue, which can range from mild to debilitating.
Patients may also suffer from hypercatabolic symptoms,
manifested as night sweats, fevers, and significant loss
of lean body mass. Lastly, patients occasionally suffer
from bone pain that can be severe. There have not
been many therapeutic agents, either tested or
reported, to significantly palliate these problems.
Indeed, these symptoms frequently can be the most
debilitating and frustrating to arise in MMM patients. 
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Tumor necrosis factor � (TNF-�) is a cytokine impli-
cated both in the pathogenesis of MMM, as well as in
being profibrogenic96 and potentially a direct inhibitor
of hematopoiesis,97 and a cause of MMM-associated
constitutional symptoms (fatigue and cachexia).98

Etanercept (Enbrel, Immunex, Seattle, WA) is an
inhibitor of TNF-� Based on its activity and safety, it was
piloted in MMM.99 Twenty-two patients with MMM
were prospectively treated with twice-weekly subcuta-
neous injections of etanercept (25 mg per injection) for
up to 24 weeks. The drug was well tolerated and was
successful in improving MMM-associated constitu-
tional symptoms in 60% of those enrolled. However,
only modest benefit was observed in either improving
peripheral cytopenias or reducing splenomegaly (20%).

LEUKEMIC TRANSFORMATION OF MMM

Leukemic transformation of MMM occurs in approxi-
mately 10–15% of patients,100 and is usually fatal. A
recent series of 91 consecutive MMM patients101 who
underwent LT reported that transformation was usually

clinically heralded by organomegaly, worsening consti-
tutional symptoms, anemia, thrombocytopenia, and
leukocytosis. At the diagnosis of MMM, these patients
had frequently presented with typical disease-related
features, but about half had an increase in circulating
myeloblasts. All episodes of LT were acute myeloid
leukemia, with all French–American–British subtypes
represented except M3. Additionally, 91% of patients
displayed an abnormal karyotype. LT from MMM was
usually fatal, with 89 patients (98%) having expired of
disease or therapy a median of 2.6 months (range
0–24.2) after LT. Supportive care alone or noninduction
chemotherapy had similar outcomes in 48 patients and
19 patients, respectively (median survival �3 months in
both groups). Induction chemotherapy in 24 patients
(26%) had a 33% mortality with no complete remis-
sions achieved [median survival 3.4 months (range
0.9–24.3)]. However, a subset of patients (n 
 10; 41%)
reverted their marrow to a chronic phase of MMM after
induction. Salvage regimens for nonresponders were
overall unsuccessful. The outcome of LT in MMM with
current therapies is dismal. Either supportive care alone
or appropriate clinical trials should be considered.
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Radiation to the spleen
84 39 ■ 63% response rate
85 14 600 9 ■ 95% response rate

■ Significant cytopenias in 57%
86 25 ■ 88% with symptomatic decrease in splenomegaly
87 10 150–300 6–10 ■ Responses in 90%

■ Cytopenias common
88 23 277 7.5 ■ 93.9% decrease in spleen size

■ Median duration of response 6 months
■ Toxicities: cytopenias, complicated subsequent 

splenectomy
89 15 980 22 ■ 59% response rate

■ Toxicities: cytopenias
90 4 450 9 ■ All patients with a palliative response

■ Toxicities: cytopenias

Radiation to the liver
91 14 150 6 ■ 35% with transient reduction in hepatomegaly

■ 62% with significant cytopenias

Radiation to the abdomen for ascites
92 1 1000 10 ■ Case report of response for ascites

■ Cytopenias worsened with therapy
93 4 200 7 ■ Good responses for ascites

■ Resolution of ureteral obstruction

Radiation to the lungs
94 4 100 1 ■ 75% experienced improvement in pulmonary 

hypertension
■ Durable responses achieved with little toxicity

95 1 200 4 ■ Case report with good durable response
93 2 125 5 ■ Resolution of dyspnea and pleural effusions

Radiation for paraspinal/intraspinal EMH
93 5 100–1000 1–5 ■ Excellent and prompt responses to therapy in 4/5

Reference Patients (n) Dose (cGy) Fractions Response/Comments
Table 49.4 XRT for palliating extramedullary hematopoiesis in patients with MMM



ESTABLISHING A THERAPEUTIC
PLANFOR MMM

The wide range of prognosis and symptomatology in
MMM is a significant issue as we decide on the aggres-
siveness of therapy. Management of this complex dis-
order should diminish short-term morbidity from the
disease with an eye on long-term goals.

SHORT-TERM MANAGEMENT GOALS
In the short term, our goal with MMM is to diminish
the immediate possible morbidities at presentation,
with the least amount of expense and toxicity from
therapy. Therefore, the patient who presents with
asymptomatic or minimally symptomatic disease may
most appropriately be observed (see Figure 49.1). To
date, no survival benefit has been demonstrated for
reduction of asymptomatic splenomegaly, reduction
of asymptomatic leukocytosis, or improvements in
mild anemia (i.e., hemoglobin �11 g/dL).

LONG-TERM MANAGEMENT GOALS
Establishment of a long-term plan is again crucial in
this disease. Specifically, upon presentation, it is reason-
able to assess whether a stem cell transplant will ever be

appropriate for a particular patient. If the patient is a
transplant candidate, but currently is stable and at low
risk, observation or minimally toxic therapies may be
used as short-term interventions, with consideration of
the transplant at time of progression.

SUMMARY

The current management of MMM is problematic, as
there are limited options that have been shown to
impact survival and disease course. Allogeneic stem
cell transplantation, although potentially curative in
some patients, is not an option for many patients
because of older age, lack of donors, and comorbidi-
ties. Useful palliative options exist for treating symp-
toms from the disease, but have overall not
improved survival for the disease. Active investiga-
tions into novel agents for the therapy of MMM with
thalidomide analogs such as lenalidomide and others
ongoing. Improved understanding of pathogenetic
mechanism of disease or disease progression may
hopefully yield therapeutic targets of greater specificity
and efficacy.
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MANAGEMENT OF CHRONIC
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OTHER RARE MYELOPROLIFERATIVE
DISORDERS
Miloslav Beran

CHRONIC MYELOMONOCYTIC LEUKEMIA

INTRODUCTION
Chronic myelomonocytic leukemia (CMML) is a clonal
bone marrow disorder of stem cells. The distinguishing
feature is a persistent absolute monocytosis (blood
monocytes greater than 1 � 109/L). Studies of the dis-
ease’s natural history reveal heterogeneity in pathology,
clinical features, and the outcome of untreated patients,
as measured by duration of survival. The recent World
Health Organization (WHO) reclassification of CMML
and its inclusion as a separate entity in the groups of
myeloproliferative/myelodysplastic disorders reflects
two major pathologic features that appear with varying
prominence in individual patients: cellular prolifera-
tion, which involves predominantly white blood cell
(WBC) lineage and is often associated with organ infil-
tration and organomegaly, and maturation defects char-
acterized by marrow dysplasia, which may involve all
cell lineages, and result in anemia, thrombocytopenia,
and rarely neutropenia.1 Either proliferative or dysplas-
tic features may predominate in the clinicopathologic
profile of individual patients, and the predominance
may change during the course of the disease, usually
from dysplastic to proliferative. Whether CMML
should be categorized into dysplastic and proliferative
entities based on the arbitrarily chosen “cutoff” for
WBC at 13 �109/L, or whether these features could be
viewed as various stages of the same disease, is still
being discussed2,3 and was recently reviewed.3 It is
tempting to speculate that different cellular regulatory
pathways may be activated as a consequence of the pres-
ence of different primary or secondary molecular lesions.
However, as will be discussed later in this chapter, these
basic features do have some relevance in the current
treatment of individual patients. These features are only
marginally associated with prognosis and survival.3,4

ASSESSMENT OF PROGNOSIS
Because optimal CMML management is still being
developed and a multitude of investigational options
are available, the ability to assess the risk-to-benefit
ratio of any particular treatment for individual
patients is important. This assessment has been facili-
tated by the identification of both disease- and
patient-related variables associated with outcome, as
measured by survival. In turn, these variables have led
to the development of prognostic scoring systems for
CMML that allow identification of patients with vari-
ous life expectancies and risks of succumbing to the
disease if untreated.4

The most significant variables negatively associated
with survival, as determined by a multivariate analysis
of a large number of patients with well-defined CMML,
are the degree of anemia; the presence of circulating
immature WBC; the absolute blood lymphocyte count;
an increased percentage of bone marrow blasts; and an
abnormal karyotype.4 Although age was not a signifi-
cant prognostic variable in that multivariate analysis,
the goals of optimal management are modified by age-
related considerations (e.g., quality of life vs poten-
tially limited prolongation of survival), and age should
always be considered, along with auxiliary medical
problems and patients’ wishes, in choosing the
approach for optimal management.

PRETREATMENT EVALUATION
Continuous development of investigational treat-
ments, identification of prognostic variables, and the
recent success of targeted therapy with imatinib mesy-
late in selected CMML patients with specific chromoso-
mal alterations associated with activation of receptor
tyrosine kinases (RTKs, see below), all support the need
for an extended initial evaluation. In addition to clini-
cal assessment and the standard laboratory tests used to
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establish a diagnosis, the pretreatment workup should
include bone marrow aspiration, biopsy, and cytoge-
netic analysis. Information on �2-microglobulin and
plasma lactate dehydrogenase (LDH) concentrations
are useful because high plasma levels are associated
with a worse prognosis.4 In patients up to 65–70 years
old, HLA tissue typing of patients and their siblings
should be considered, given the possibility of a
reduced-intensity conditioning regimen and allogeneic
stem cell transplantation (SCT). Both karyotyping and
molecular screening for the BCR/ABL translocation are
therapeutically relevant, as they have prognostic impli-
cations and are necessary to exclude BCR/ABL-positive
disease with monocytosis and to identify rare cases
with specific translocations involving genes coding for
RTK.5–8 (This is discussed in detail elsewhere.) Cells from
patients with translocations involving platelet-derived
growth factor receptor (PDGFR)� may be further evalu-
ated by molecular assays to verify such molecular
abnormalities, and result in abnormally functioning
RTK sensitive to TK inhibitors, such as imatinib mesy-
late.5–8 In myeloproliferative disorders (MPD), includ-
ing CMML, translocations involving PDGFR� [such as
t(5;12)] frequently appear to be associated with marrow
dysplasia and blood eosinophilia.8 In the absence of an
abnormal karyotype, the possibility of a cryptic translo-
cation involving the 5q33 region may mandate further
molecular screening using, for example, polymerase
chain reaction (PCR) and specific primers.

Ideally, the final therapeutic decision is made on the
basis of both the patient’s clinical status and the prog-
nostically significant features of the disease.4 With the
exception of SCT in certain patients, however, the
available treatment modalities rarely, if ever, result in
the eradication of CMML. The relative rarity of the dis-
ease, lack of agreement on a “standard of care,” and
lack of uniform criteria for patient response hamper
initiation of well-designed randomized clinical trials
needed to answer such questions. This said, numerous
treatment modalities, which are all by definition
investigational, provide various levels of disease con-
trol and improvements in quality of life.

TREATMENT OPTIONS
Traditionally, the management of CMML has focused on
disease-associated clinical symptoms, symptoms associ-
ated with marrow failure (i.e., anemia and thrombocy-
topenia), and symptoms of increased myeloproliferation
(i.e., increased WBC count, organomegaly, and hyperme-
tabolic state). For this purpose, an intuitive stratification
into “dysplastic” CMML, resembling myelodysplastic
syndrome (MDS), and “proliferative” CMML, resembling
MPD, seems practical.2–4 MDS CMML is primarily man-
aged with supportive care, and cytotoxic therapy is
added when signs of proliferative disease, characterized
by an increased WBC count and/or organ involvement
or constitutional symptoms, appear. MPD CMML is
managed with cytotoxic therapy plus supportive care. 

Supportive care
In elderly patients who have low-risk or intermediate-
1-risk CMML at the time of diagnosis, as assessed with
the MD Anderson Prognostic Score (MDAPS),4 the
median survival times from presentation are 24 and 18
months, respectively.4 For such patients, supportive
care similar to that given for patients with low-risk MDS
and participation in clinical trials using low-toxicity
agents are recommended. Severe anemia (hemoglobin
concentration �10 g/dL) or transfusion-dependent ane-
mia may be treated with weekly doses of erythropoietin
of 40,000–60,000 units for a trial period of 6–8 weeks,
with pretreatment assessment of endogenous erythro-
poietin levels and monitoring of treatment by weekly
evaluation of reticulocyte count and hemoglobin concen-
tration. Unlike in MDS,9 the benefit of such treatment in
CMML is not well documented. Growth factors such as
granulocyte-colony-stimulating factor and granulo-
cyte-macrophage colony-stimulating factor should be
used cautiously because of their propensity to induce
an unwanted monocytic response. Their use should be
limited to febrile patients, particularly those with doc-
umented infection and severe neutropenia, not
responding to antibiotics. To avoid allosensitization,
platelet transfusions should be administered on the
basis of symptoms of clinically significant hemorrhage
rather than on platelet counts; an exception to this rule
is the use of prophylactic transfusions in patients
enrolled in clinical trials. Routine use of prophylactic
platelet transfusions is not recommended. Whether
associated with leukocytosis or not, severe thrombocy-
topenia usually signals advanced disease and indicates
a need for reassessment of the patient’s risk status and
change in therapeutic strategy.

Established single-agent oral chemotherapy
In patients who have CMML with a significant myelo-
proliferative component, high WBC count, or
organomegaly, treatment with single-agent chemother-
apy has been the standard of care. Oral agents such as
busulfan, 6-mercaptopurine, hydroxyurea, and oral
etoposide have been used empirically with some suc-
cess, but a prospective randomized study conclusively
determined the superiority of hydroxyurea over etopo-
side in terms of overall survival in patients with mostly
advanced proliferative disease (i.e., splenomegaly,
mild thrombocytopenia, and increased bone marrow
blasts): 24 months for hydroxyurea versus 9 months
for etoposide.10 This is the only prospective random-
ized study to date that has compared two treatment
regimens in patients with CMML. Although neither
regimen induced complete remission (CR) or affected
the natural history of the disease, the results sup-
ported the idea of using hydroxyurea plus supportive
care as the “standard-of-care” arm in any future ran-
domized trials. No randomized study comparing
“treatment” with supportive care has ever been
reported in CMML.
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Agents currently approved by the Food and Drug
Administration for the management of CMML
(defined as a subcategory of MDS by FAB classification)
are 5-azacytidine (Vidaza®) and 2’-deoxy-5’-azacyti-
dine (Dacogen®). One major reason for the lack of
clinical trials specifically designed for CMML is the
French–American British classification which recog-
nized CMML as a subcategory of MDS, and guided the
enrollment of patients with CMML into MDS trials.
The identification of CMML as a separate disease
entity,1 together with the availability of a prognostic
risk assessment developed specifically for CMML,4

should facilitate future design of CMML-specific trials.

Other chemotherapeutic agents
Not much is known about the effectiveness of other
cytoreductive agents in managing CMML as assessed
in phase I/II trials. For example, three separate studies
with the anthracycline idarubicin suggested that it has
limited activity, with no significant responses observed
in CMML patients who were treated daily with inter-
mediate dosages.11,12

In the first trial of oral etoposide (VP-16), 10 consec-
utive patients with CMML were treated with 100 mg of
etoposide orally, daily for 3 days (50 mg in “nonprolif-
erative” disease), followed by a “maintenance” dose of
50 mg twice weekly. Clinical benefit, observed in seven
patients, included improvement of anemia, thrombo-
cytopenia, and extramedullary disease. Diminished
benefit was noted in patients with increased blasts in
the blood and bone marrow.13 A second etoposide trial
used 50 mg orally, daily for 21 days every 4 weeks.14

Twelve of 17 patients with CMML experienced hema-
tologic responses, three after failing treatment with
hydroxyurea. The median duration of hematologic
responses was 9� months (range 4–49� months).
Responses consisted of control of leukocytosis in 12
patients, normalization of platelet counts in 2 throm-
bocytopenic patients, and resolution of anemia in 1
case. Two of six patients with splenomegaly had �50%
reduction in spleen size.15

The use of cladribine (2-chlorodeoxyadenosine-2
CdA, or 2-CdA) to manage CMML was prompted by the
drug’s proven efficacy in indolent lymphoproliferative
disorders and by the observation of decrease in mono-
cyte counts in patients with lymphoproliferative disor-
ders treated with cladribine. An initial trial of cladribine
at 0.1 mg/kg/day for 5–7 days in four patients15 resulted
in a rapid decrease in monocyte counts. These results
were subsequently confirmed in seven patients given
cladribine in a dosing schedule of 0.2 mg/m2 daily for 
5 days every 3 weeks for a total of three cycles.16 With
this regimen, one patient attained a CR lasting 4 months
and three patients exhibited partial responses (PRs) last-
ing 3–6 month. Although the overall response of 55%
was encouraging, no further trials were conducted.

Cytarabine (cytosine arabinoside, or ara-C), adminis-
tered subcutaneously at low dosages of 10–20 mg daily

for 10–21 days, was studied extensively in the manage-
ment of MDS and to a lesser degree of CMML during
the 1980s and early 1990s. The initial enthusiasm
was sparked by speculation on the ability of cytara-
bine to induce terminal differentiation of malignant
hematopoietic cells. Although the contribution of
differentiation to the treatment outcome was never
proven and the effect was attributed to the cytotoxic
action of the drug, the effectiveness of the regimen was
well documented. In small studies using cytarabine to
manage CMML, the CR rates varied from 0 to 25%,
and a review of data from 80 patients noted 9 CRs and
a calculated CR rate of 14%.17 Thus, the efficacy of
cytarabine was modest and, ultimately, the treatment
outcomes were viewed skeptically. Because of the small
numbers of patients in the reported trials, the associ-
ated myelosuppression, and the lack of information on
response durations, the value of cytarabine in the man-
agement of CMML is poorly documented. However, the
activity of low-dose cytarabine is probably comparable
to that of other single agents, such as 5-azacytidine,
decitabine, and topotecan, in terms of effect on the
bone marrow and CR rates. Its future use may more
likely lie in combination with other agents, as docu-
mented for high-dose cytarabine plus topotecan.18

Topoisomerase I inhibitors
Among studies using recently developed agents,
encouraging results have been obtained with the
topoisomerase I inhibitor topotecan in a phase II study
of 30 patients with diagnosis of CMML, both previ-
ously treated and untreated. Topotecan was given as a
continuous intravenous infusion at the maximal toler-
ated dosage (MTD) of 10 mg/m2 over 5 days every 4–8
weeks.19,20 Topotecan induced a CR in almost one-
third of the patients, and for the first time, CRs due to
a single agent were characterized by karyotypic con-
version of bone marrow from abnormal to diploid.19,20

This result suggested that topotecan has a differential
effect on normal and CMML cells. The median CR
duration was 7.5 months (range 1–31 months), and
median survival was 10.5 months.20 In this single-arm
study, the impact on survival could not be docu-
mented.19,20

An oral preparation of topotecan with satisfactory
bioavailability was investigated in two studies using
three regimens.21–23 Given over 17 days at dosages
varying from 0.8 to 1.9 mg/m2/day, 5 days on, 2 days
off for three cycles, oral topotecan induced CRs in two
of seven patients with CMML.21 The dose-limiting tox-
icity was nausea and vomiting, and the MTD was 1.4
mg/m2/day. In a phase II study, 1.2 mg/m2 of topote-
can was given orally either twice daily for 5 days or
once daily for 10 days, and both schedules delivered
the same total dose.22,23 Ten patients with CMML were
included. Although no patients achieved a CR, seven
exhibited a response.23 The duration of responses was
not reported, and the impact of the treatment with



oral topotecan on the natural history of the disease is
unknown.

Another orally bioavailable topoisomerase I
inhibitor, 9-nitro-20-(S)-camptothecin, was studied in
a phase II study as a continuous daily administration
at doses adjusted according to each patient’s tolerance.
The study group included 23 patients with CMML;
responses were observed in 10 (1 CR, 4 PRs, and 5
hematologic improvements [HI]).60

The optimal administration schedule for increasing
the rate and duration of responses remains to be
defined for both topotecan and 9-nitro-20-(S)
-camptothecin. At present, topotecan administered
intravenously at the MTD appears to be the more effec-
tive agent against CMML, with the highest documented
frequency of complete hematologic and cytogenetic
remissions.19,20 The potential value of these topoiso-
merase I inhibitors would be best appreciated in a ran-
domized trial comparing them with hydroxyurea,
analogous to the trial that compared hydroxyurea and
etoposide.10 The use of topoisomerase I inhibitors to
manage CMML might be more effective in combina-
tion therapy than as single agents.18

2-Deoxycytidine analogs (hypomethylating agents)
The role of 5-azacytidine and 5-aza-2�-deoxycytidine
(decitabine) in the treatment of MDS and, to a lesser
degree, in MPD has been investigated for well over a
decade. Besides their cytotoxic activity, these agents
induce hypomethylation of genes involved in regulat-
ing proliferation and differentiation, particularly
tumor suppressor genes that are frequently hyperme-
thylated in malignant disorders and presumably also
in CMML.24 This hypomethylating effect is believed to
be particularly active at relatively low doses. The effec-
tiveness of both 5-azacytidine25 and decitabine26,27 in
managing MDS is well documented, but their efficacy
and usefulness in managing CMML are less clear. 

In the randomized trial comparing subcutaneous 
5-azacytidine (75 mg/m2/day for 7 days every 4 weeks)
with supportive care, seven patients with CMML were
included in each group.25 The responses were not ana-
lyzed in detail by disease category, but the responses of
CMML patients were reported to be “similar” to those
with high-risk MDS [refractory anemia with excess
blasts (RAEB) and refractory anemia with excess blasts
in transformation (RAEBt)]: 8% CR, 15% PR, and 38%
HI. Three monthly courses were needed to obtain the
best response. Compared with supportive care, the 5-
azacytidine regimen provided a significant delay in the
disease progression and some survival advantage in
patients with MDS; whether these benefits also applied
to the small cohort with CMML is unknown.25

The effectiveness of decitabine in managing CMML
can be assessed from European clinical trials of this
agent. In one study of 66 patients with high-risk MDS,26

subjects were treated with decitabine (15 mg/m2 given
as an intravenous infusion over 4 h every 8 h for 3 days,

for a cumulative dose of 135 mg/m2 over 3 days)
every 6 weeks for a maximum of six courses. The study
included nine patients with CMML; the cases were
classified by the International Prognostic Scoring
System, suggesting that all nine belonged to the cate-
gory of MDS CMML.2,4 Four (44%) of the nine patients
responded: 1 CR, 1 PR, and 2 HI.26 The actuarial median
response duration for the entire study cohort of 66
patients was 31 weeks, and it increased from 26 weeks
in patients with HI to 39 weeks for patients with a PR
to 36 weeks for those with a CR; no information was
provided specifically for the nine patients with
CMML.26 In a subsequent review, the results of three
separate studies of 124 patients, including 16 with
CMML, revealed cytogenetic CR in two patients with
CMML.27 The response rates and durations were not
specifically reported for the CMML patients, how-
ever.27 Together, these results suggest a role for both 
5-azacytidine and decitabine in managing CMML, but
because reports on their effectiveness in treating
CMML are sporadic, no conclusion can be reached.
Further study and new assessments based on larger
and more formal investigations are required before an
accurate evaluation can be made.

Agents targeting fusion RTKs
Discovery of unique chromosomal abnormalities and
underlying molecular changes of RTKs causatively asso-
ciated with CMML or atypical chronic myelogenous
leukemia (aCML)5–8 suggested potential therapeutic
agents targeting the molecular basis of these disorders.
The proof of principle was provided by documentation
of activity of imatinib mesylate in the management of
MPD, including CMML, characterized by activation of
the PDGFR� gene by its fusion to tel oncogene, a process
rendering the PDGFR� TK permanently activated and
responsible for the dysregulated cell growth.7 After the
publication of encouraging results on the in vitro
inhibitory activity of imatinib mesylate on PDGFR�

TK,28 four patients with t(5;12)(q33;q13) and PDGFR�

fused with either TEL(ETV6) (three patients) or an
unknown partner (one patient), all with elevated WBC
counts and eosinophilia, were treated with 400 mg of
imatinib orally, daily. All four patients achieved a CR
and the levels of fusion transcripts decreased signifi-
cantly, even becoming negative in one patient.5

Responses occurred as early as 1 month, but could be
delayed up to 9 months, suggesting disease hetero-
geneity and the need for prolonged treatment in some
cases. Similar responses to imatinib were reported for a
CMML patient with the RAB5EP/PDGFR� fusion gene
underlying a t(5;17)(q33;p13.3) who achieved a mole-
cular CR 6 weeks after the start of imatinib therapy.6

Further CRs were reported for a CMML patient with
t(5;12)(q33;p13)29 and for a patient with aCML and a
t(5;10)(q33;q22).30 This concept supported a trial in
which imatinib was given to patients with CMML in
the expectation of potential activity through 
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as-yet-undetected imatinib-sensitive pathways. So far,
the results have been uniformly negative in 19 patients
with CMML,31,32 seven with aCML,31 and eight with
MDS.32 Thus, imatinib continues to be indicated for
trial use in patients with documented rare karyotypic
abnormalities that lead to production of imatinib-sensi-
tive fusion TKs. Most patients achieved response within
6 weeks of the initiation of treatment with 400 mg ima-
tinib mesylate daily and continued the treatment in
remission. With only preliminary experience, duration
of the responses and the optimal treatment schedule are
unknown. Although data on the association between
the progression of CMML and aCML into more aggres-
sive disease and decreased effectiveness or loss of
response to imatinib have been restricted to those from
single-case observations (M. Beran, personal observa-
tion),  this association is analogous to the limited activ-
ity of imatinib in advanced BCR-ABL-positive CML.33

Farnesyltransferase inhibitors
The ras oncogene is positioned at the crossroads of
cellular signaling pathways, and its role in the neo-
plastic process is well appreciated.34,35 Mutations in
codons 12, 13, or 62 of ras significantly affect its phys-
iological role and result in a permanently activated
state, causing dysregulated proliferation. CMML is the
hematologic malignancy with the highest frequency
of ras mutations; in the largest reported cohort of
patients, the prevalence of the N-ras and K-ras muta-
tions was 38%,4 and the presence of the mutation
appeared to negatively influence patients’ prognosis
and response to therapy.36 These findings made CMML
an attractive target for treatment that blocks ras activ-
ity by inhibiting the enzyme farnesyltransferase,
which is essential for posttranslational ras modifica-
tion and attainment of its functional state.34,35

Of several farnesyltransferase inhibitors being inves-
tigated, tipifarnib (R115777, Zarnestra) and lonafarnib
(SH66366, Sarasar) were explored in studies that
included a limited number of patients with CMML. In
a phase I study, an oral preparation of tipifarnib was
administered to 10 patients; two showed a PR and one
exhibited an HI, although those responses were tran-
sient.37,38 In a phase I/II study, tipifarnib was given to
patients with MPD, including seven patients with
aCML and two with CMML.39 At an initial oral dosage
of 300 mg twice daily for 21 days every 4 weeks, clini-
cal responses were noted in three of the seven patients
with aCML and none of the patients with CMML.39

Finally, in the phase II study, lonafarnib, administered
orally at 200–300 mg daily until disease progressed or
unacceptable toxicity occurred, was investigated in 35
patients with CMML.40 Among the 25 patients evalu-
able for response, one achieved a CR and seven exhib-
ited HI, mostly in a single lineage; one patient became
independent of red blood cell transfusions.40

Orally administered farnesyltransferase inhibitors
represent a new category of “targeting” agents; they

are only in the early stages of clinical investigations in
CMML. However, because the responses to treatment
in the malignancies investigated so far, including
CMML, do not appear to be influenced by the ras
mutational status, and because the responses have cor-
related poorly with the degree of inhibition of farne-
syltransferase,37,38 processes other than farnesylation
may be targeted by these agents. Their role as single
agents in the treatment of CMML remains uncertain.

Miscellaneous agents
The presence of increased angiogenesis in CMML41 stim-
ulated interest in the potential use of angiogenesis
inhibitors for managing this disease. A limited number
of patients with CMML have been treated with
thalidomide. Of seven patients with CMML treated
with 100–400 mg thalidomide orally, daily in two stud-
ies,42,43 only one experienced a minor and transient
improvement in platelet counts. Because of its poorly
predictable adverse effects and the seeming lack of activ-
ity, future use of thalidomide in treating patients with
CMML is unlikely. Other antiangiogenic and
immunomodulating agents, including derivatives of
thalidomide that have both antiangiogenic and
immunomodulatory properties, are in early stages of
clinical development. Phase I/II studies are including
patients with CMML.

Intensive chemotherapy using combination regimens 
The first patients with CMML who were treated with
combination chemotherapy used to manage acute myel-
ogenous leukemia (AML) were probably those whose ini-
tial diagnosis was AML that was later reclassified as MDS
or CMML. In later trials in patients with AML, patients
with CMML were occasionally included, along with
RAEB and RAEBt, as all three categories were considered
high-risk MDS. More often than not, little information
was given on the clinical and hematologic status of
CMML patients, and in such prospective studies, selec-
tion bias toward treating younger patients with
advanced disease was likely. With few exceptions, treat-
ment regimens consisted of cytarabine (given at standard
dosages for 5–7 days) plus anthracycline or anthracene-
dione antibiotics (daunorubicin, mitoxantrone, or idaru-
bicin). A review of six such studies conducted between
1980 and 1995 identified only 35 patients with CMML,
11 (31%; 95% confidence interval 15.9–47.0%) of whom
achieved a CR.18 Duration of remission and overall sur-
vival, when reported, tended to be short and there was
no convincing evidence that addition of anthracyclines
to cytarabine improved the outcome. 

Unfortunately, in most clinical trials, the responses of
the CMML cohort were not evaluated separately, further
clouding their interpretation. From the results of studies
with at least some data available, it may be concluded
that such treatments are feasible and that in a portion of
patients with CMML, a CR can be obtained, although at
the expense of substantial morbidity and even mortality. 
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Further information on the role of intensive combi-
nation chemotherapy was obtained from a series of
clinical trials that used chemotherapy of increasing
intensity to manage CMML. One such trial used a
combination of two single agents with documented
effectiveness in CMML and low cardiotoxicity: topote-
can, administered as a continuous intravenous infu-
sion at 1.25 mg/m2 over 24 h, daily for 5 days, and
cytarabine, as a 2-h infusion at a dosage of intermedi-
ate intensity, 1 g/m2/day, for 5 days.18 Patients who did
not experience a CR after the first course of therapy
received a second course and a dose adjustment when
indicated. Patients who experienced a CR were eligible
for postremission chemotherapy. In this prospective
phase II study, patients with CMML, RAEB, and RAEBt
were registered separately, and treatment outcome was
evaluated separately for each disease. Among the 27
patients with CMML who enrolled in the study, 12
(44%; 95% confidence interval 25–65) achieved a CR.11

Analysis by disease stage showed a CR rate of 62% in
CMML patients with �5% bone marrow blasts (corre-
sponding to CMML I by WHO criteria) and 29% in
those with �5% bone marrow blasts (CMML II by
WHO criteria). As was the case for the RAEB and RAEBt
patients, the response rates were not affected by the
presence of diploid or abnormal karyotypes, or by pri-
mary or secondary CMML. In most CMML patients
with an abnormal karyotype, conversion to diploid
status was observed. Responses did not differ in
patients treated immediately on diagnosis and in those
with up to 6 months’ history of antecedent hemato-
logic disorder. At a median follow-up of 7 months, the
median duration of CR was 33 weeks and the median
survival time was 42 weeks.18 Although the presence of
an abnormal karyotype had no significant effect on
the response rate, its presence appeared to be associ-
ated with a shorter response duration. As with any
myelosuppressive treatment, neutropenia-associated
fever and infections were the most frequently reported
complications during treatment and were observed in
50% of the patients. With supportive care and close
surveillance, the mortality rate in the CMML cohort
was 10%; all deaths were related to infectious causes.18

Most, if not all, combination chemotherapy regi-
mens used to manage CMML included cytarabine as the
most active agent. In an attempt to develop an alterna-
tive treatment and explore the reported effectiveness of
etoposide in CMML,13,14 a group of 17 patients with
CMML was treated with a combination of etoposide
(100–200 mg/m2 daily for 5 days) and carboplatinum
(continuous intravenous infusion, 200 mg daily for 3–5
days). Of the 17 patients enrolled, 14 were classified by
WHO criteria as having CMML I and 3 as having CMML
II; 14 had platelet counts of �100 � 109/L, all 17 were
anemic (10 with hemoglobin concentrations less than
10 g/dL), 13 had “proliferative” CMML, and 10 had an
abnormal karyotype. Despite the severe myelosuppres-
sion and marrow aplasia characteristically caused by

this regimen, five (29%) CMML patients achieved a CR
with a median duration of 16 weeks (range 3–22
weeks),44 indicating that although intensive combina-
tion chemotherapy without cytarabine resulted in a CR
in one-third of patients, the benefit, as measured by CR
duration, was not durable. Achieved at the price of high
toxicity and risk of death, the results were not better
than those obtained in another study by the same insti-
tution with the single-agent topotecan.19,20 This conclu-
sion led to questioning of the benefit of intensification
of chemotherapy in managing CMML.

One comparison of chemotherapy regimens of
various intensities used to manage CMML over a
15-year time period44 included 23 CMML patients
treated with a combination of various high-intensity
regimens containing high-dose cytarabine plus flu-
darabine, anthracycline antibiotics (idarubicin and
liposomal daunorubicin), or both. Compared with a
less intensive topotecan plus cytarabine regimen, no
further improvement in the CR rate was achieved,
likely because the more intensive regimens induced
higher mortality. CR duration remained short, as did
overall survival.44 Because of the limited size of the
CMML cohorts treated with various regimens, identifi-
cation of covariates associated with response and
response duration was inconclusive so far. A trend for
lower CR rates was noted for patients with more than
5% marrow blasts (CMML-II and for patients with
abnormal karyotype.18 A recent update of the results
from the topotecan plus cytarabine regimen, then
including 39 patients with CMML, confirmed the ear-
lier results, as did a review of high-dose cytarabine-
based regimens updated to 30 patients.44

Taken together, these results indicate that although
complete hematologic and cytogenetic responses can
be obtained in up to 40% of CMML patients, response
durations are limited. Only occasional patients remain
disease free at 3 years. Further intensification of induc-
tion chemotherapy appears to increase mortality and
morbidity without leading to an improved response
rate and response duration. Topotecan plus cytarabine
yields the best results in terms of morbidity, mortality,
response rates, and response durations. Whether simi-
lar results could be obtained with less intensive regi-
mens (e.g., standard- or low-dose cytarabine plus
topotecan, or anthracycline antibiotics at presumably
lower toxicity) remains to be investigated in controlled
clinical trials. The benefit of postremission chemother-
apy, in terms of both intensity and duration, remains
unanswered. Responding patients enjoy a better qual-
ity of life and prolonged survival, but the effect of the
treatment on survival may be related to the natural
history of the disease. To date, no treatment regimen
positively impacts the natural history of the disease or
extends expected survival. As is the case with every
management approach in CMML, the value of combi-
nation chemotherapy on patient survival will be deter-
mined only in a randomized trial against best standard



of care; e.g., supportive care (plus hydroxyurea in
patients with proliferative disease).

Should chemotherapy be considered at all in the
management of CMML, and if so, which regimen
should be chosen? No consensus is currently available,
but several observations may guide such decision mak-
ing. At present, the regimen of topotecan plus cytara-
bine appears to be the best studied, most effective, and
least toxic. More than 80% of patients who achieve a CR
do so after a single course of this treatment. Although
additional complete responses may be achieved with
further courses, these responses are obtained with an
increased risk for complications, at a higher cost, and
tend to be shorter. Thus, one course of this regimen
(and possibly other combination regimens) may segre-
gate patients who will likely benefit from additional
chemotherapy from those who will not. Supportive
care or investigational treatment in the setting of clini-
cal trials may be an alternative option, particularly for
high-risk CMML patients. Thus, CMML patients with
clinical symptoms or a high-risk prognostic score
(e.g., MDAPS)4 may be candidates for such trials.
Another candidate group for chemotherapy may be
patients with HLA-matched donors who are consid-
ered for allogeneic SCT. Because CMML is resistant to
chemotherapy, the frequency of relapses in patients
with active disease who receive SCT is high.46–48

Cytoreduction, and particularly induction of CR,
before the SCT may improve the outcome. 

Allogeneic stem cell transplantation
Only two studies report results obtained with allo-
geneic SCT in adult patients with CMML.46,47 The out-
come of such patients was traditionally included in
studies of allogeneic SCT in patients with MDS, of
which CMML has been considered a subcategory.
Recent WHO classification established CMML as a sep-
arate category1; the effect of the reclassification on the
prognostic impact of SCT is not yet appreciated.

In a European study,46 50 patients with CMML
underwent SCT at 43 centers; 44 of the donors were
HLA matched (38 siblings, six unrelated donors, and one
nonsibling relative), and six were partially mismatched.
At a median age of 44 years (range 19–63 years), this
patient group was clearly selected with respect to age;
40% had karyotypic abnormalities and 36% had
between 5 and 29% marrow blasts at the time of trans-
plantation. The median time from diagnosis to SCT
was 9 months. Two patients (4%) failed to engraft, and
the treatment-associated mortality was high (47%).
Median follow-up was 29 months (range 1–59 months);
the 5-year estimated overall survival rate was 21%, the
disease-free survival rate 16%, and the 5-year estimated
probability of relapse 61%.46 No significant associa-
tions with outcome were identified, although trans-
plantation early in the disease might have had a
positive influence.46 The probability of relapse was
higher in patients without graft-versus-host disease

(51%) than in those with this disease (29%), and the
probability of relapse was higher in patients who
received T-cell-depleted grafts (61%) than in those who
did not (45 %), suggesting a favorable graft-versus-
leukemia effect.

Another study47 reported results for 21 patients
with de novo CMML (12 with “proliferative” disease
and nine with nonproliferative disease) who underwent
SCT. The cohort consisted of both adults and children
(median age 47 years). Twelve of the donors were HLA-
identical siblings, four were matched unrelated donors,
and five were mismatched donors. Before SCT, only
two patients had received intensive combination
chemotherapy after progression to AML. After SCT, five
patients died of organ failure, two died of chronic graft-
versus-host disease, and five relapsed and died. The
cumulative relapse rate at 3 years was 25%, and 0.7–8.1
years after transplantation (median 6.9 years), nine
(43%) of the patients were still alive.47 The small size of
the patient cohort limited the significance of covari-
ates associated with outcome. SCT later in the course
of disease and signs of disease acceleration (e.g., more
than 5% marrow blasts), but not abnormal karyotype
or proliferative disease, appeared to influence the out-
come negatively: four of the five patients who relapsed
had an increased percentage of marrow blasts at the
time of transplantation.

Finally, a European study of SCT in 43 patients with
childhood CMML48 revealed a 5-year event-free sur-
vival rate of 31% (38% in patients who received cells
from HLA-matched siblings). However, the relapse rate
of 58% suggested resistant disease. The major obstacles
of the few studies that have examined the effect of SCT
on patients with CMML were the toxicity of the proce-
dure and resistant disease. Additional results, includ-
ing those for a few CMML patients in reports on MDS,
are scattered in the literature, and no critical review is
currently available. References to some recent studies
are found in a review on the role of SCT in MDS49 and
MPD.50–52 The conclusion that can be drawn is that
SCT is feasible and occasionally “curative” only in
younger patients, even though the procedure is associ-
ated with considerable morbidity and mortality, and
young people make up a small proportion of patients
with CMML. This interpretation is compromised by
the small number of study patients to date and the
heterogeneity of CMML.

Newer transplantation approaches attempt to avoid
the excessive toxicity of current conditioning regi-
mens by using lower doses of immunosuppressive
drugs (e.g., fludarabine or antithymocyte globulin)
and myelosuppressive drugs.53,54 In patients with
MDS, the reduced-intensity regimen results in full
engraftment and recovery with less immediate toxic-
ity,53 thereby extending eligibility for SCT to older per-
sons. The approach relies on the graft-versus-leukemia
effect more than ablation of malignant cells by the
conditioning regimen, though its success in patients
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with relatively resistant high-risk CMML is unclear.
Because of the high frequency of relapses46 in patients
receiving standard cytoreductive regimens,46 it seems
reasonable, at least for patients with high-risk CMML,
to attempt induction of CR immediately before trans-
plantation. The claimed advantage of SCT in low-risk
patients and those transplanted early after diagnosis is
based on results of retrospective studies or phase II
clinical trials with small numbers of CMML patients
who are highly selected,46,47 which complicates inter-
pretation of the results. The absence of randomized
studies leaves open the question of whether a delay of
transplantation until disease progression would com-
promise the outcome. For MDS, modeling of the
expected outcome of early transplantation suggested
an advantage for patients with high-risk disease,
whereas patients with low-risk disease benefited from
delayed transplantation.55 In both situations, delay
until progression to leukemia resulted in the worst out-
come.55 Thus, patients with low-risk and intermediate-
risk disease (by, e.g., MDAPS) may be best treated by
supportive care and can be encouraged to participate in
investigational clinical trials. Patients with intermediate-
risk and high-risk CMML should be considered for SCT if
a suitable donor is available. Although many treatment
centers prefer a direct transplant procedure, an induc-
tion attempt followed by SCT may be a better choice in
light of the high relapse rate in such patients and the
availability of effective and safe induction therapy.

ATYPICAL CHRONIC MYELOGENOUS
LEUKEMIA

INTRODUCTION
This category was recently introduced by the WHO classi-
fication into the subgroup of myelodysplastic/myelopro-
liferative disorders.1 To some extent, it is still a diagnosis
of exclusion and includes patients with predominantly
overproduction of neutrophils and various degrees of
dysplasia in one or more hematopoietic lineages. The
most important feature, differentiating aCML from
CML is the absence of the BCR/ABL translocation or
any variant translocations present in CML. This makes
the diagnostic category of aCML similar, if not identical,
to that of BCR/ABL-negative CML.56 Minor distinguish-
ing features include absence of basophilia, older age,
more frequent presentation with lower WBC counts,
thrombocytopenia, and anemia.56–60 Separation from
CMML is less stringent: Both disorders share the prolif-
erative and dysplastic marrow feature, high median age,
and a lack of distinguishing cytogenetic or molecular
features. The presence of absolute monocytosis (�1�

109/L monocytes) in CMML in association with rela-
tive monocytosis (�8–10% monocytes on blood
smear2,56,58,60) separates CMML from aCML. aCML is a
rare disease, and in the past cases were included in
the category of Ph- negative CML. As about one-half

of Ph-negative CML cases are BCR/ABL positive,60,61 it
was difficult to assess characteristic features, prognosis,
and response to therapies. Assuming that BCR/ABL-
negative cases of CML and aCML are, if not identical,
then clinicopathologically very similar entities, infor-
mation on characteristics, prognostic variables, and
outcome of this rare disorder(s) can be based on an
analysis of 76 patients.56 The median survival of
patients was 24 months and progression into acute
leukemia occurred in 30%. Chromosomal abnormali-
ties were found in 30% of patients, with trisomy 8
being the most frequent, while monosomy 7 was not
observed. Complex chromosomal abnormalities were
rare. Multivariate analysis identified age �65 years,
hemoglobin �10 g/dL, and WBC �50 � 109/L as vari-
ables associated with poor survival. Younger patients
with better blood counts had a median survival of 38
months, compared to 9 months for older patients with
compromised counts.56 The overall prognosis is worse
and survival shorter in patients with a CML (Bcr/Abl-
negative CML) compared to Ph’-positive CML.58,59,61 In
at least one study, the survival seems not significantly
affected by treatment.56

The outcome is, however, similar to that in
CMML.3,4,56,59,61 No study has demonstrated the
importance of the single objective distinguishing fea-
ture of monocytosis as being associated with a different
outcome. A detailed analysis of factors associated with
outcome in 485 patients (CMML, 304; BCR/ABL-nega-
tive CML, 74; Ph-negative, BCR/ABL unknown, 107)
found that a diagnosis of CMML indeed confers a sig-
nificantly shorter median survival (12.6 months) than
BCR/ABL-negative CML [21.4 months and Ph-negative,
BCR/ABL unknown CML (18.3 months)]. This finding
provided, for the first time, the empirical support for
separating aCML from CMML.45

TREATMENT
Similar to patients with CMML, the most therapeuti-
cally relevant diagnostic tests are karyotype analyses,
which should be completed with additional testing for
the presence of BCR/ABL fusion gene or gene tran-
scripts by fluorescence in situ hybridization (FISH)
and, preferably, by molecular testing using PCR. The
BCR/ABL-negative CML/aCMLs are rare and only
recently defined diseases. No clinical trial has ever
been conducted to assess the effectiveness of any
specific treatment. Traditionally, the primary goal
of therapeutic interventions has been to control
myeloproliferation manifested by leukocytosis, or
thrombocytosis, and amelioration of anemia, throm-
bocytopenia, and systemic clinical symptoms associ-
ated with the disease (i.e., fatigue, weigh loss, night
sweats, cough, bone pain, and organomegaly). In
asymptomatic patients with moderate leukocytosis
without anemia or thrombocytopenia, it may be pru-
dent to observe the patient with appropriate hemato-
logic follow-up to assess the rate of disease progression.
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Younger patients who may be potential candidates for
allogeneic SCT should initiate tissue typing of family
members and search for a potential stem cell donor.
Exceptions to this “observe-and-wait” approach are
the rare patients with documented balanced transloca-
tions involving RTKs, who are amenable to treatment
with TK inhibitors, such as imatinib mesylate, as dis-
cussed in the Section “Chronic Myelomonocytic
Leukemia”.

Cytoreductive agents
Hydroxyurea and busulfan are the agents most fre-
quently reported as treatment choices in patients with
diseases resembling aCML.62 Both can be used either
on a daily schedule with the dose adjusted to the
desired leukocyte blood count, or alternatively, on a
cyclical schedule aiming initially for resolution of sys-
temic symptoms and reduction of the leukocyte
count. Due to its more rapid onset of action and lack
of delayed effect on the bone marrow, hydroxyurea is
more suitable for continuous, daily maintenance
treatment. Busulphan’s effects on the bone marrow
are less predictable and may be delayed and cumula-
tive, resulting in a prolonged bone marrow suppres-
sion. Therefore, its cyclical use is preferable. Although
not formally documented in clinical studies, anemia
and thrombocytopenia often persist in aCML patients
with well-controlled leukocytosis, either as a conse-
quence of the disease itself, treatment-associated
myelosuppression, or both. Careful dose titration is
therefore recommended for hydroxyurea and particu-
larly for busulphan. An unfavorable response of these
patients to busulfan has been considered by some a
characteristic feature of aCML,62 and even treatment
with hydroxyurea often yields only partial and tran-
sient disease control.62,63 The effectiveness of both
agents is particularly limited in the management of
organomegaly.

Analysis of the impact of the effects of various treat-
ments after referral to a tertiary cancer center failed to
document significant differences in the survival of
treated and untreated patients.56

In patients with splenomegaly, splenectomy may
result in a temporary alleviation of anemia and throm-
bocytopenia, provided that the bone marrow remains
functional and the cytopenias are not a consequence
of disease evolution. Therefore,  a bone marrow aspira-
tion, biopsy, and karyotyping should be part of the
preoperative evaluation. A recent report on the value
of splenectomy in 12 patients with CMML showed
improvement of thrombocytopenia in 4 of 11, and a
modest improvement of anemia in 2 of 9 patients.
None of the anemic patients achieved transfusion
independence.64 There are no reports in aCML, but it is
reasonable to expect similar results. Thus, splenectomy
should be viewed as a palliative measure, particularly
in patients with clinical symptoms, including pain due
to splenomegaly. Of the remaining options to reduce

splenomegaly, splenic irradiation is ineffective 
in myeloid malignancies and intensive intravenous
chemotherapy using, e.g., cytarabine, although effec-
tive as a palliative treatment, it is invariably associated
with bone marrow suppression. (M. Beran, unpub-
lished observation, 2003).

The effectiveness of both oral drugs is particularly
limited in control of hepatosplenomegaly. Analysis of
the impact of treatment after referral to one tertiary
cancer center failed to document significant differences
in the survival between treated and untreated patients.

Interferon �
There are no prospective data on the efficacy of inter-
feron � (IFN-�) in treating aCML. IFN-� has been used,
however, in Ph-negative CML, and a retrospective
analysis of some of these patients revealed the absence
of the BCR-ABL abnormality,  rendering the diagnosis
similar to aCML. In one report, two of six patients with
BCR-ABL-negative CML achieved a CR, while four
patients failed to respond.63 In another study involv-
ing Ph-negative CML, 21 patients were treated with a
daily subcutaneous dose of up to 5 million units/m2 of
IFN-�.61 Seven of seven (100%) patients with
BCR/ABL-positive disease responded, while five of six
(83%) patients with BCR/ABL-negative CML and six of
eight (75%) patients with CMML failed to respond.
The outcome of the two latter groups was worse as
well.61 This experience suggests a limited role for IFN-
� in aCML. In patients presenting with low platelet
counts, the known platelet-lowering effect of INF-�
treatment may further aggravate thrombocytopenia.

Recent availability of pegylated IFN, a pharmacologic
formulation providing a slow release of the agent with
weekly administration, has renewed interest in reexam-
ining the efficacy of IFN-� in MPD, including aCML. In
the absence of better choices, this treatment may be
offered as an investigational alternative to hydroxyurea
or for patients failing hydroxyurea therapy.

Combination chemotherapy
In individual cases, complete responses to combina-
tion chemotherapy that included cytarabine have
been reported. Although limited information is avail-
able, it appears that responses are lower than in
CMML and that this approach should be saved for
cases evolving into AML. Complete responses may be
obtained in a minority of patients with such “sec-
ondary” AML or blast phase of aCML and, as in simi-
lar cases of AML secondary to MDS and CMML, the
responses are short, and long-term disease-free sur-
vival is rarely obtained. Intensive chemotherapy may
be considered as a cytoreductive approach before allo-
geneic SCT.

Allogeneic stem cell transplantation
There are no reports summarizing the experience with
SCT in aCML, and the lack of experience is reflected in
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a recent review of the results of SCT in MPD.65 With no
curative option and generally poor control of aCML
with currently available modalities, SCT should be
considered in younger patients with available HLA-
matched donors and particularly in those presenting
with unfavorable risk factors.56 As with other rare dis-
orders, the preferable use of investigational treatment
modalities should be in the context of clinical trials.

HYPEREOSINOPHILIC SYNDROME AND
CHRONIC EOSINOPHILIC LEUKEMIA 

INTRODUCTION
Recognition of heterogeneity in hypereosinophilic syn-
drome (HES) is important as identification of the exact
pathologic mechanisms becomes relevant to the design
of treatment strategies and the overall management of
individual patients. This importance is best illustrated
by seminal discoveries of the unique therapeutic effi-
cacy of imatinib mesylate in a subset of patients with
HES66–72 and by the identification of the FIP1L1-
PDGFR� TK as the molecular basis in a subpopulation
of patients and as a therapeutic target of imatinib69,73

and potentially other small-molecule TK inhibitors.74

Although hypereosinophilia may have any number
of causes, the clinical symptoms and organ damage
appear to be related to the pathologic consequences of
the chronically elevated eosinophils.75,76 Because the
benign and malignant disorders are not yet always
distinguishable, treatment of patients with hypere-
osinophilia is aimed primarily at suppressing eosinophil
counts (particularly in symptomatic patients); the ulti-
mate goal is to prevent or limit organ damage. 

A therapeutically relevant classification of HES plus
chronic eosinophilic leukemia (CEL) is emerging, still
largely under development and dictated by the exclu-
sion criteria spelled out in the most recent WHO clas-
sification76 and by other criteria. Eradication of symp-
toms and prevention of eosinophil-triggered organ
damage remain the primary overall concerns, but in a
subcategory of patients, the choice of treatment is now
based on the likely underlying molecular mecha-
nism(s). Recognition of therapeutically important fea-
tures of HES suggests a need for closely integrated
diagnostic workup with therapeutic decision making. 

DIAGNOSTIC AND TREATMENT PARADIGMS
The diagnosis of HES or CEL requires exclusion of reac-
tive causes of eosinophilia. According to WHO criteria,76

reactive causes include infections, hypersensitivity and
allergic diseases, immune system disorders, metabolic
abnormalities, and diseases of the connective tissue,
heart, lungs, skin, and gastrointestinal systems. CEL
remains, to a degree, a poorly defined entity.77 The most
characteristic feature distinguishing CEL from HES is the
presence of karyotypic abnormalities in the myeloid
cells or presence of increased blast cells in the bone mar-

row (5–19%) or blood (more than 2%).76 Differential
diagnoses further include malignant disorders in which
eosinophilia is either reactive (e.g., secondary to tumor-
producing hematopoietic growth factors) or where
eosinophils are part of the hematopoietic malignant
clone [e.g., CML, AML with inv(16) or t(8;21), MDS 
with t(1;7), hematologic malignancies involving
rearrangement of transcription factor ETV6, MPD
with t(5;12)(q33;p13), hematologic malignancies associ-
ated with rearrangement of 5q chromosome in the area
coding for genes regulating eosinophilic growth factors,
and other rare hematologic malignancies].

For the remaining cases which fulfill the original
criteria for HES,78 the WHO criteria,76 and other
criteria,77,79 further screening should include com-
plete bone marrow examination, including histologic
examination, karyotype analysis, FIP1L1-PDGFR� by
PCR or FISH, and documentation of disease and
eosinophil clonality by FISH or molecular methods.
Abnormal T-lymphocyte subsets may be identified
immunophenotypically as immature T cells (CD3�,
CD4�, and CD8�) or aberrant T cells (CD3� and
CD4�),80,81 with or without rearrangement of T-cell
receptor genes.80–83 The usefulness of determining
interleukin 5 (IL-5) and other cytokines plasma con-
centrations is unknown. Association of eosinophilia
with systemic mastocytosis84,85 supports the determi-
nation of plasma tryptase concentrations. Assessment
of splenomegaly, hepatomegaly, abnormal marrow
function (e.g., anemia, thrombocytopenia, marrow
fibrosis, and dysplasia), and elevated plasma concentra-
tions of tryptase helps define “myeloproliferative vari-
ant” and thus influences therapeutic decisions.86 The
final pretreatment assessment should focus on identi-
fying and grading the involvement of cardiovascular,
pulmonary, neurologic, dermatologic, and other sys-
tems known to be involved in patients with hypere-
osinophilia, and should help guide the risk-to-benefit
ratio of a particular therapeutic approach. This consid-
eration is particularly important with the use of novel,
investigational treatments that were pioneered using
imatinib mesylate.

MANAGEMENT
Because the eosinophils produce end-organ damage
through their activation, regardless of the cause of
eosinophilia,75 the primary aim of hypereosinophilia
management is to reduce the number of eosinophils.
The secondary, though no less important, goal is to
reduce or correct the already incurred damage. The
treatment selected is dictated by the status of the dis-
ease at diagnosis and identification of the cause of
hypereosinophilia, and consists of nonspecific mea-
sures as well as treatment tailored to patients with a
particular subcategory of HES.

End-organ damage does not always correlate with
the degree of eosinophilia75,87; therefore, assessment of
successful therapy should not be limited to monitor-
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ing eosinophil counts, but should also involve regular
evaluation of organ status and function (e.g., echocar-
diograms every 6 months to assess the presence and
extent of cardiac disease). The same approach applies to
reassessment of the original diagnosis because the evo-
lution of the disease (e.g., clonal evolution in HES) may
require timely changes in the management strategy. 

Corticosteroids
For patients with symptomatic HES and evidence of
end-organ damage or clinical symptoms, such as
cough, dyspnea, myalgia, or neurologic deficits, the
first treatment of choice is the daily administration of
systemic corticosteroids (1 mg/kg). In most cases, this
treatment results in a rapid reduction of eosinophilia,
organ infiltration with eosinophils, suppression of the
inflammatory process, and prevention of further organ
damage. Whether such treatment ameliorates existing
organ damage is uncertain.88–91 In patients positive for
FLIP1-PDGFR�, imatinib mesylate would be an alterna-
tive and probably preferable treatment. Documentation
of clonal HES (FLIP1-PDGFR�, abnormal karyotype),
CEL, or clonal hematologic disorder with eosinophilia
on the diagnostic sample or on a subsequent follow-up
examination would require reconsideration of this
approach plus additional agents or change of therapy. 

Hydroxyurea and other single-agent chemotherapy
For steroid-resistant HES patients and particularly in
patients with “myeloproliferative” HES or CEL,
hydroxyurea is a first-line agent that effectively
reduces eosinophil counts, organ infiltration, and
hepatosplenomegaly, and thus likely delays end-
organ damage.89–91 The initial dose of 1–2 g of
hydroxyurea per day is often sufficient to bring the
eosinophil count to within the normal range.
Subsequent maintenance dosing requires monitoring
to avoid myelosuppression and cytopenias. 

Other cytotoxic agents have occasionally been used
empirically, mostly for patients with proliferative HES
and evidence of end-organ damage. Case reports of suc-
cessful treatment include use of cyclophosphamide in
HES with recurrent eosinophilic colitis,92 vin-
cristine,78,93,94 and, in hydroxyurea-resistant HES, cyto-
sine arabinoside (100 mg/m2 given subcutaneously or
intravenously) daily for 5 days plus prednisone 100 mg
orally, daily, for 5 days, every month (M. Beran, unpub-
lished observations, 2003). Ameliorated clinical symp-
toms and suppressed eosinophilia were reported with
each of the above treatments. The effect of chemother-
apy on the natural course of the disease remains
unknown.

Immunosuppresive agents
The use of hydroxyurea may be less effective in manag-
ing T-cell-mediated HES than other types of HES. T-cell-
mediated HES is characterized by the expansion of
immunophenotypically abnormal T cells (CD3�, CD4�,

CD8�, or CD3�, CD4�) and, in some cases, by a clonal
rearrangement of the T-cell receptor genes.81,82

Development of T-cell lymphoma and Sezary syndrome
in this group of HES patients indicated the neoplastic
potential of such T cells.82 These T-cells have a helper
type 1 or 2 cytokine profile, and secretion of eosinophil
production-stimulating factors may be a pathogenetic
mechanism underlying the “lymphocytic” variant of
HES.83 Some patients respond well to treatment with
T-cell suppressive agents, such as cyclosporin A95,96 or
cladribine in combination with steroids.97

Interferon �
The success of using IFN-� in managing Ph-positive
CML98 and clinicopathological similarities between
CML and HES (particularly its proliferative variant) have
prompted trials of IFN-� in the management of HES. The
first report of a successful response in a patient with HES
was followed by a series of mostly case reports, some
associated with literature reviews.99–107 The initial dose of
IFN-� varied between 1 and 5 million units/m2 subcuta-
neously, daily, 5 days/week, and was adjusted according
to the patient’s tolerance. As with most of the trials in
this patient population, the estimations of response
rates, duration of responses, and the effect on existing
end-organ damage or prevention of its development
were plagued by the limited size of the treated popula-
tion, the disease’s heterogeneity, the limited follow-up,
and the lack of a control population treated with the
“standard of care” (i.e., steroids plus hydroxyurea).

Imatinib mesylate
The pathologic features of some cases of HES are remi-
niscent of those of other MPD, such as BCR/ABL-positive
CML. The groundbreaking success of targeted treatment
of CML with imatinib mesylate28 prompted its empirical
use in patients with HES who failed other therapies. The
first reported patient treated with imatinib mesylate
achieved a complete response after only 2 weeks of treat-
ment at 100 mg a day,66 a fraction of the standard dose
used for treatment of CML.28 This observation, followed
by reports of similar responses in additional patients
with HES,67–72 ushered in what appears to be a new era of
HES management and reclassification.

This clinical success prompted a search for an ima-
tinib mesylate target in patients with HES, leading to
the seminal discovery of a new fusion gene, the prod-
uct of which is the molecular basis of HES in some
patients. Deletion of an 800-kilobase part of the
PDGFR� gene leads to fusion of its 5� end to the 3� end
of a new gene FIP1L1 on chromosome 4.69–73,77,79,86,108

The FIP1L1/PDGFR� gene product, an intracellular
protein with TK function, is unique because it is
autophosphorylated due to deletion of the portion of
PDGFR� gene coding for the juxtamembrane portion
of the PDGFR� receptor known to inhibit phosphoryla-
tion of the ATP-binding site, and thus promotes uncon-
trolled growth. The most convincing documentation
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that the FIP1L1-PDGFR� TK is a target of imatinib was
imatinib’s loss of inhibitory action in cells with
acquired mutation (T671I) in the TK domain of the
FIP1L1/PDGFR� fusion gene, which implies that the
mutation confers resistance to imatinib mesylate.69,74

The clinical experience with imatinib mesylate in
managing HES and CEL can be summarized as follows:
In most responding patients, daily oral doses of 100
mg effectively induced complete responses. The
median time to response was 4 weeks, but responses
were seen within the first 2 weeks of treatment. In only
a few cases, increasing the imatinib dose to 400 mg
was required for response.71 The adverse effects were
minimal and similar to those experienced by patients
with Ph-positive CML.28,33 The exceptions were two
cases of congestive heart failure, both in responding
patients, ensuing shortly after initiation of imatinib
treatment.72,108 Administration of steroids resulted in
the resolution of symptoms in both cases, raising the
question of whether steroids should be used during
initial therapy with imatinib (with or without moni-
toring of troponin levels), particularly in patients with
existing cardiac involvement. All HES and CEL patients
with the FLIP1L1/PDGFR� abnormality responded
regardless of the disease stage, and no cases of primary
resistance have been reported.69,109 In one study,
however, four of nine patients who achieved a com-
plete response with imatinib had no detectable
FIP1L1-PDGFR�.69 This observation not only indi-
cated the presence of other imatinib targets but also
argued in favor of an empirical trial of imatinib in
patients with HES or CEL. Such a trial would ensure
that no patient missed a potential therapeutic bene-
fit, contribute further to a therapeutically meaningful
classification of HES and CEL, and provide clinical
feedback and guidance for ongoing translational
research.

The complete responses were associated with nor-
malization of eosinophil counts and normalization of
hematologic parameters with resolution of clinical
symptoms.69,109 Among 41 patients with HES or CEL
included in seven reports, 29 (71%) achieved CRs and
one achieved a PR.109 Of six patients monitored for
FLIP1L1-PDGFR� transcripts, molecular remissions
were documented in five after 1–12 months of treat-
ment with 400 mg imatinib daily.71 The treatment
effect on end-organ damage is unknown because the
experience is limited. No amelioration of cardiac dis-
ease was noted in three patients at the time they
achieved CR,71 but the clearing of interstitial pul-
monary infiltrates,71,110 normalization of pulmonary
function tests,71 and a major improvement in the bone
marrow fibrosis of responding HES patients was
encouraging.71,109

What is the optimal treatment strategy for patients
with HES and CEL and FIP1L1/PDGFR�? Although the
clinical experience with imatinib mesylate is limited,
these disease categories are clearly highly sensitive to the

agent. Thus, the starting daily dose of 100 mg is recom-
mended after the expression level of the fusion tran-
scripts has been determined, if possible with PCR. In
HES patients with cardiac disease, use of prophylactic
oral steroids during the first week of treatment should be
considered. Because the median time to optimal
response was 4 weeks, failure to respond should
prompt consideration of dose escalation. The benefit
of dose escalation is supported by experience in a lim-
ited number of HES cases and is corroborated by exten-
sive experience on dose response to imatinib in
patients with Ph-positive CML.111,112 For patients who
achieve CRs, the treatment strategy developed for
CML should be adapted; they could continue on the
same daily dose and be monitored for minimal resid-
ual disease by PCR every 3–6 months and for degree of
end-organ damage (e.g., heart damage every 6 months
with cardiac sonography). In patients with CRs but
positive for minimal residual disease, after 6–12 months,
dose escalation according to clinical tolerance is an
option worth to investigate.

A similar treatment approach should be used for
imatinib-mesylate-responsive patients lacking FIP1L1/
PDGFR�. Hematologic status, and end-organ damage
and function must be monitored.

Recently, a lemtuzumab (Campath-1HTM) has
shown remarkable activity in patients with FIP1LI/
PDGFR�-negative HES. Normalization of absolute
eosinophil counts was observed in 8 of 9 patients
within 4 weeks of treatment with weekly cycles of
alemtuzumab.113 The mechanism of action is likely by
direct interaction with CD52 target antigen on
eosinophils. Although dosing and maintenance must
be optimized and safety of the treatment documented,
the preliminary results justify further clinical investi-
gation.

Allogeneic stem cell transplantation
The use of allogeneic SCT in patients with HES or CEL
remains at the exploratory stage and is limited to
selected cases with aggressive disease. Successful
engraftment using standard myeloablative regimens
and disease-free survival between 8 months and 5
years have been reported.114–117 Recently, the concept
of nonmyeloablative SCT has been applied to a few
HES patients, who achieved engraftment after
reduced-intensity conditioning.118,119 Follow-up of
those patients has not exceeded 12 months, so the
potential advantage of this less toxic approach is not
yet evident. Nonmyeloablative SCT is worth attempt-
ing in selected symptomatic patients who fail stan-
dard treatments, including imatinib mesylate.
Because of transplantation-related complications
(e.g., serious infections and acute or chronic graft-ver-
sus-host disease), and the likely bias inherent in
patient selection, the major challenge will be to deter-
mine the benefit of SCT in a limited number of candi-
dates for this treatment.
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INTRODUCTION

The aim of a lymphoma classification is to provide a
means of communication between those with a special
interest in this group of diseases. The classification must
be reproducible and clinically relevant, so that the
results of treatment can be compared worldwide, and
sufficiently flexible to allow the incorporation of new
data. Finally, the classification should be histopatholog-
ically based since it is the histopathologist who, almost
always, makes the initial diagnosis. Traditionally,
Hodgkin’s disease (Hodgkin’s lymphoma) and non-
Hodgkin’s lymphomas have been classified separately.
This is a reflection of the specific identifying cell and
limited morphological range of Hodgkin’s disease as
well as its distinctive clinical features. In comparison,
the clinicopathological features of the non-Hodgkin’s
lymphomas are much more wide ranging and less dis-
tinct for any given entity. Not surprisingly, therefore,
there have been only two classifications of Hodgkin’s
disease proposed since 1925 compared to more than
25 classifications of non-Hodgkin’s lymphoma that
have appeared in the same period. 

To the early pathologists, the histological appear-
ances of all non-Hodgkin’s lymphomas were alike,
consisting of replacement of the normal lymph node
architecture by sheets of small or sometimes larger
cells with dark-staining nuclei. It was clear, however,
that not all cases behaved alike; the survival of patients

with non-Hodgkin’s lymphoma varied from a few
months to many years. Pathologists were, therefore,
under an increasing pressure from their clinical col-
leagues to predict the natural course of an individual
case. Initial therapeutic success with Hodgkin’s disease
was followed by the emergence of more effective
means of therapy for the non-Hodgkin’s lymphomas.
These therapies were not homogeneously effective in all
the non-Hodgkin’s lymphomas and the results clearly
varied according to their histology. Consequently, clin-
icians began to demand much more precise and clini-
cally relevant histological diagnoses. In 1966, in
response to this, Rappaport formulated the first clini-
cally relevant histological classification of non-
Hodgkin’s lymphomas. Broadly speaking, the
Rappaport classification divided lymphomas into
those composed of small cells and those composed of
large cells. Each of these groups could be further sub-
divided into those with a follicular (or nodular) growth
pattern and those that were diffuse. The follicular and
small-celled tumors were clinically less aggressive; a
better survival could, therefore, be predicted and,
importantly, less potent and less toxic therapy was
suitable for these cases. The converse applied to cases
with a diffuse growth pattern, especially if composed
of large cells. As histological techniques improved,
allowing finer morphological discrimination between
cells, more detailed classifications emerged. In parallel
with these improvements it was becoming possible to
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establish the immunophenotype of lymphoma cells
using immunohistochemical techniques. It soon
became evident that the lymphoma cells were closely
related to normal lymph node cells and that the cells
of many non-Hodgkin’s lymphomas recapitulated the
cytology of normal lymphocytes, particularly the B
cells of the follicle center. It was also clear, however,
that there were an alarmingly wide variety of lymphoid
neoplasms and a whole host of classifications based on
these new concepts soon emerged. This caused so
much confusion that a series of special international
meetings were convened to decide on a single clinically
relevant classification that could be used throughout
the world. In the absence of any consensus, The United
States National Cancer Institute convened a study to
evaluate the competing classifications and the result
was the compromise “Working Formulation for
Clinical Use.”1 It was stressed at the time that this “for-
mulation,” although based on histopathology, was a
system for translation between the competing classifi-
cations and not a classification in its own right.
However, it was rapidly accepted as such by patholo-
gists, particularly in the United States where it became
the classification of choice. The working formulation
divided lymphomas into three grades based on their
clinical behavior, according to their response to ther-
apy prevalent in the late nineteen sixties and early sev-
enties. Imprecise collective morphological terms such
as “large cell” and “mixed small and large cell” were
used to characterize individual entities. The result was
that different clinicopathological entities were lumped
together and as new entities were described, they
merely became absorbed into this rather rigid system.
The Working Formulation was incapable of incorporat-
ing the rapidly expanding amount of immunopheno-
typic data on which pathologists were, nevertheless,
increasingly relying for lymphoma diagnosis. The
Working Formulation thus soon lost its main reason for
existence, namely its clinical relevance.

The majority of European pathologists never
accepted the Working Formulation and preferred to
use the Kiel classification. This classification and its
updated editions2 were based on immunophenotypic
data dividing lymphomas into B- and T-cell types
and, thereafter, into individual entities based princi-
pally on the similarity of their cells to normal lym-
phocyte variants. The lymphomas were designated
low or high grade according to their cytological char-
acteristics, rather than their predetermined clinical
behavior and in keeping with established schemes
for other tumors. Unlike the Working Formulation,
the Kiel Classification had a sound biological basis
and could easily be updated and maintain its clinical
relevance. Criticisms that could be leveled at the Kiel
Classification included overreliance on establishing
the normal cell counterpart for each type of lym-
phoma, illogical oversplitting of some entities, and
failure specifically to include extranodal lymphomas. 

The use of different lymphoma classifications on
either side of the Atlantic and the inherent defects in
each contradicted the basic requirement of a classifica-
tion, namely that it should provide a language for
international communication, and threatened a return
to the chaos of the 1970s. Moreover, new techniques
and new concepts were emerging that urgently
required incorporation into the principles underlying
lymphoma classification. Developments in immuno-
histochemistry meant that a cell lineage could confi-
dently be assigned to most lymphomas and that
many distinctive functional properties of the neo-
plastic cells could be determined. Distinctive molecu-
lar genetic properties of the different disorders also
began to emerge and some of these could be identi-
fied using simple immunohistochemical techniques.
Another important development was the recognition
that many lymphomas arose in extranodal sites and
that the site of origin was often a significant clinical
determinant.

THE REVISED EUROPEAN AMERICAN 
LYMPHOMA CLASSIFICATION 

In 1991 a group of pathologists from both sides of the
Atlantic and the Far East formed an International
Lymphoma Study Group that met annually to discuss
research. Not surprisingly, this group soon began to
address issues of lymphoma classification as outlined
above and the need for a new approach to classification
soon became evident. Of three alternative approaches
that emerged, to update either the Working Formulation
or the Kiel classification or to produce an entirely new
classification, a decision was made to adopt the latter
course. The basis for what was to become the Revised
European American Lymphoma (REAL) Classification3

was the construction of a list of neoplastic lymphopro-
liferative disorders each defined as far as possible
according to a set of five properties, namely morphol-
ogy (histology), immunophenotype, genotype, normal
cell counterpart, and clinical features. The degree to
which these properties contribute to the classification
of each entity varies. In some cases, such as mantle cell
lymphoma, each property is highly distinctive, perhaps
reflecting its basic distinctive genotype,4 while for others
such as nasal-type natural killer (NK)-cell lymphoma5

clinical features together with immunophenotype are
the most important. 

THE WORLD HEALTH ORGANIZATION 
CLASSIFICATION 

In 1995, the World Health Organization (WHO), the
Society for Hematopathology and the European
Association for Haematopathology undertook a joint
project to produce a comprehensive classification of all
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hematologic neoplasms including those of myeloid
lymphoid and histiocytic lineage. Since the REAL clas-
sification had only recently been proposed and was in
the process of clinical evaluation, the task proposed for
lymphoid neoplasms was to update and revise the
REAL classification with input from additional experts
in order to broaden the consensus. The formation of
the steering committee and 10 subcommittees, each
charged with the review of a specific group of neo-
plasms, involved 52 expert histopathologists and
hematologists. In recognition of the importance of
clinical relevance, a clinical advisory committee of 35
experts in the fields of leukemia and lymphoma from
around the world was convened. The subcommittees
and the clinical advisory committee met separately,
the former on many occasions, and recommendations
were fed to the steering committee prior to a joint
meeting of all committee members that was held in
November 1997 at Airlie House in Virginia. The aim of
this final meeting was to reach agreement on particu-
lar controversies most of which had arisen conse-
quent to actual use or, in effect, field testing of the
REAL classification, to ensure that there was common
ground between pathologists and clinicians and to
agree on the final format. The agenda of the Airlie
House meeting comprised a series of topics and ques-
tions that had been proposed by members of the sub-
committee and the clinical advisory committee. In
the case of the lymphomas, discussion of these topics
served to refine and update the REAL classification,
which could then be subsumed into the WHO
scheme.

THE BASIS OF THE REAL AND WHO 
CLASSIFICATIONS

MORPHOLOGY
Morphology remains the mainstay of lymphoma diag-
nosis since it is, in effect, the collective expression of
the immunophenotype, genotype, and normal cell
counterpart. Once an entity has been defined on the
basis of its collective properties, morphology on its
own is often sufficient for a definitive diagnosis.
However, lymphomas of identical morphology, but
arising in different sites, may constitute different dis-
ease entities and some single disease entities may be
morphologically heterogeneous. For example, anaplas-
tic large cell lymphoma (ALCL) arising in lymph nodes
behaves much more aggressively than the morpholog-
ically identical tumor arising in the skin,6 while the
cytological features of enteropathy-type T-cell lym-
phoma are highly variable and do not influence its
clinical behavior.7 Histological grade alone, which
should not be confused with clinical aggressiveness, is
no longer considered a basis for the separation of lym-
phomas into broad groups. Many entities may trans-
form from low- to high-grade morphology as part of

their natural history and can present de novo as either
low- or high-grade lesions. 

IMMUNOPHENOTYPE
The immunophenotype of lymphomas was first used
in the Kiel classification for broad grouping of lym-
phomas into B-cell and T-cell types. With the inclusion
of the NK-cell lymphomas into the T-cell group, this
distinction remains a fundamental consideration in
the REAL classification and serves as a primary step in
the separation of the lymphomas into two broad
groups. Within these broad groupings the detailed
immunophenotype is useful in helping to define indi-
vidual entities but in only a few instances does a combi-
nation of immunophenotypic properties alone serve to
define an entity that cannot be distinguished by other
means. This is true of mantle cell lymphoma where the
defining genotype, t(11;14), results in expression of
cyclin D1, the defining immunophenotype.

GENOTYPE
With increasing recognition that cancer is a genetic
disease, the genotype of lymphomas is assuming
greater significance in their classification. For some
entities such as follicular lymphoma, [t(14;18)], and
mantle cell lymphoma, [t(11;14)], the genotype is
indeed the defining property. However, genotyping is
beyond the capability of most laboratories and, fortu-
nately, the genotype finds expression as reproducible
morphological and/or immunophenotypic features
that allow confident and reproducible diagnoses. 

NORMAL CELL COUNTERPART
The normal cell counterpart, although not always
known, is a useful aid to classification as it helps to
characterize the morphology and phenotype of the
lymphoma and, importantly, to understand its clinical
behavior which may relate to the physiologic path-
ways of the normal cell. This property is more signifi-
cant for B-cell lymphomas than for T-cell lymphomas
largely because more is known about the B-cell sub-
types and their functional characteristics. 

CLINICAL FEATURES
The inclusion of clinical features, including the site of
origin, aggressiveness, and prognosis as an integral
and practical part of the definition of lymphomas as
distinct diseases is one of the more novel aspects of the
REAL and WHO classifications. 

SITE OF ORIGIN
Neither the Working Formulation nor the Kiel classifica-
tion acknowledged that a significant percentage of lym-
phomas do not arise in lymph nodes. Extranodal lym-
phoma accounts for some 25% of all cases in the United
States,8 while in the Far East the percentage is much
higher amounting to 45% in Japan and 60% in Korea.9

The site of origin of lymphomas is of considerable



importance and the distribution of lymphoma types
shows a markedly different bias in different sites. Thus,
extranodal Hodgkin’s disease is altogether rare and fol-
licular lymphoma, one of the commonest nodal tumors,
occurs only infrequently as a primary tumor in the gas-
trointestinal tract despite its high content of native lym-
phoid tissue.10 In some organs and/or tissues, such as the
skin, gastrointestinal tract and, to a lesser extent the
spleen, lymphomas specifically characteristic of that site
alone occur. Examples include cutaneous follicle center
cell lymphoma,11 enteropathy-type T-cell lymphoma,12

and splenic marginal zone lymphoma (SMZL).13 For
clinical purposes it is sometimes useful to group together
the lymphomas that arise in specific sites and to
approach the diagnosis of lymphoma arising in those
sites in this way rather than in the purest sense of an
overall lymphoma classification. This is best exemplified
by lymphomas arising in the gastrointestinal tract10 and
the skin.11 However, the use of entirely separate classifi-
cations for lymphomas arising at different extranodal
sites is to be discouraged.14

CLINICAL AGGRESSIVENESS
The REAL and WHO classifications clearly distinguish
between histological grade and clinical aggressive-
ness. Histological grade is based on cell and espe-
cially nuclear size, density of nuclear chromatin, and
the proliferation fraction determined by immunos-
taining with Ki-67. Low-grade lymphomas are com-
posed of small cells with dense nuclear chromatin
and a low proliferation fraction; the converse is true
for high-grade tumors. The REAL and WHO classifi-
cations, unlike the Kiel classification, do not separate
lymphomas according to grade in recognition of the
fact that low-grade lymphomas may transform to
high-grade tumors without changing the disease
“entity.” Histological grade mostly correlates with
clinical aggressiveness, but this is not always the
case. Mantle cell lymphoma is histologically low
grade but clinically aggressive15 as are some T-cell
lymphomas such as angioimmunoblastic T-cell lym-
phoma.16 The Working Formulation and the Kiel
classification both stressed the fundamental impor-
tance of “grade” in determining treatment, although
using the term to mean different things. The REAL
and WHO classifications instead stress the disease
entity. Thus, not all “low-grade” B-cell lymphomas
are necessarily treated alike as exemplified by hairy
cell leukemia, for which highly specific therapy 
has evolved.17 It is likely that as the different 
entities become more sharply defined and are recog-
nized clinically, more disease-specific therapies will
emerge.

PROGNOSIS
Clinical aggressiveness is often confused with progno-
sis but does not have the same meaning. For example,
ALCL, a high-grade neoplasm, is clinically aggressive

but has a good prognosis since it responds excellently
to therapy.18 A variety of prognostic factors within
each disease influence the clinical outcome. One of
these is histological grade, but clinical features are also
important. The more important of these have been
collected together to form the International Prognostic
Index (IPI),19 the measurement of which is a powerful
predictor of clinical outcome in any given patient.

THE STRUCTURE OF THE WHO 
CLASSIFICATION 

As in the Kiel classification, the lymphomas, defined
according to the principles described above, are firstly
divided broadly into B- and T-cell groups (Table 51.1).
A modification is the inclusion of lymphomas with a
NK-cell phenotype in the T-cell group. In each of
these two groups the precursor cell, or lymphoblastic,
lymphomas are separated from the larger group of
peripheral cell tumors. The order in which the differ-
ent entities are cited is not fixed and can be changed
according to the convenience of the user. For exam-
ple, the B-cell lymphomas can be grouped into those
with peripheral blood involvement, plasma cell neo-
plasms, extranodal lymphomas, nodal lymphomas,
and lymphoproliferative disorders of uncertain malig-
nant potential. The T/NK-cell lymphomas are often
similarly grouped into those that tend to involve the
peripheral blood, cutaneous lymphomas, other extran-
odal lymphomas, nodal lymphomas, and a single
entity of uncertain lineage.

HODGKIN’S LYMPHOMA
Given the increasing evidence that Hodgkin’s disease
is a B-cell neoplasm,20,21 the authors of the REAL clas-
sification took the decision to include Hodgkin’s dis-
ease in the lymphoma classification albeit as a separate
table. This concept was continued in the WHO classifi-
cation with the modification that Hodgkin’s disease is
now designated as Hodgkin’s lymphoma (HL). There
is, however, still a preference for maintaining the
“Hodgkin” eponym since in this way, the unique fea-
tures of HL, including, importantly, its specific therapy
and good prognosis will continue to be recognized.
Not surprisingly, the classification of this disorder is
little changed from those of Jackson and Parker, and
Lukes and Collins. The only changes in its classifica-
tion are the implicit recognition that lymphocyte-pre-
dominant HL is a different disorder from classical HL
and the addition of the entity “lymphocyte-rich HL.”
The intention is that the inclusion of this new cate-
gory will serve to prevent misdiagnosis of these cases
as lymphocyte-predominant HL especially when they
present with nodular or follicular histology.22 It could
be argued that Hodgkin’s lymphoma eventually will be
listed in the table of B-cell lymphomas.
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Table 51.1 The World Health Organization classification of lymphoid malignancies

B-cell neoplasms
Precursor B-cell neoplasm

B-cell lymphoblastic lymphoma/leukemia
Mature B-cell neoplasms

Chronic lymphocytic leukemia/small lymphocytic 
lymphoma
Prolymphocytic leukaemia
Lymphoplasmacytic lymphoma
Splenic marginal zone lymphoma
Hairy cell leukaemia
Plasma cell myeloma
Monoclonal gammopathy of undetermined significance
Solitary plasmacytoma of bone
Extraosseous plasmacytoma
Primary amyloidosis
Heavy chain diseases
Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT-lymphoma)
Nodal marginal zone lymphoma
Follicular lymphoma 
Mantle cell lymphoma
Diffuse large B-cell lymphoma 
Mediastinal (thymic) large B-cell lymhoma 
Intravascular large B-cell lymphoma
Primary effusion lymphoma
Burkitt lymphoma

B-cell proliferations of uncertain malignant potential
Lymphomatoid granulomatosis
Posttransplant lymphoproliferative disorder, polymorphic

T and putative NK-cell neoplasms
Precursor T-cell neoplasm

T-lymphoblastic lymphoma/leukemia
Mature T-cell and NK-cell neoplasms

T-cell prolymphocytic leukemia
T-cell large granular lymphocytic leukemia
Aggressive NK-cell leukemia
Adult T-cell lymphoma/leukemia (HTLV-1�)
Mycosis fungoides and Sezary syndrome
Extranodal T/NK-cell lymphoma, nasal type
Enteropathy-type T-cell lymphoma
Angioimmunoblastic T-cell lymphoma
Peripheral T-cell lymphoma unspecified
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Blastic NK-cell lymphoma
Angioimmunoblastic T-cell lymphoma
Peripheral T-cell lymphoma, unspecified
Systemic anaplastic large cell lymphoma 

T-cell proliferations of uncertain malignant potential 
Primary cutaneous CD30 positive lymphoproliferative 
disorders

Hodgkin’s lymphoma
Nodular lymphocyte predominance
Classical

Nodular sclerosis 
Lymphocyte rich (nodular)
Mixed cellularity
Lymphocyte depletion

REPRODUCIBILITY AND CLINICAL 
RELEVANCE

The value of any lymphoma classification is only as
good as its histopathological reproducibility and its clin-
ical relevance. In this respect, the validity of the REAL
and WHO classifications had already been tested to a cer-
tain extent prior to their publication since many of the
entities had been subject to detailed clinicopathological
analysis in the medical literature. Shortly after its publi-
cation, moreover, the reproducibility and clinical rele-
vance of the REAL classification were formally evaluated.

THE LYMPHOMA CLASSIFICATION PROJECT
Shortly after its publication, an international study
was convened to determine whether the REAL classifi-
cation could be readily applied by a group of six expert
hematopathologists who, with one exception, were
not associated with the original proposal.22 The aims
of the project were to judge whether the classification
could be used in practice, to test its interobserver repro-
ducibility, to assess the need for immunophenotyping
in making a diagnosis (one of the criticisms following
its publication having been that the REAL classifica-
tion was not cost effective in this respect!), to deter-
mine whether the constituent diseases were clinically
distinctive either at presentation or in terms of clinical

outcome, and to determine the relevant frequency of
these diseases in the study populations. The participat-
ing pathologists, assisted by clinicians and statisti-
cians, studied 1400 cases of lymphoma comprising
80–210 cases in each of eight centers in North America,
Europe, Asia, and Africa.

The participants found that the REAL classification
was highly practical, allowing the ready classification
of 95% of cases. Interobserver reproducibility was
greater than 85% for most entities, which was a sub-
stantial improvement over previous studies using other
classifications where reproducibility was frequently in
the region of only 60% or less. Immunophenotyping
was not necessary for the classification of certain dis-
eases including follicular lymphoma and small lym-
phocytic lymphoma/chronic lymphocytic leukemia
but essential for the classification of T-cell lymphomas
and particularly helpful for some B-cell disorders
including mantle cell lymphoma and diffuse large B-
cell lymphoma (DLBCL).

In undertaking clinicopathological correlation, the
Lymphoma Classification Project showed that the dif-
ferent diseases recognized by the REAL classification
did indeed differ in terms of clinical presentation and
survival, supporting the contention that they were dis-
tinct biological entities. However, an important find-
ing of the study was that classification is not the only



predictor of clinical outcome of any individual case. In
this respect, the power of the IPI was confirmed. For
example, patients with follicular lymphoma and an IPI
score of 1–3 have a median survival of 7–10 years,
while the median survival for the minority with an IPI
of 4 or 5 is significantly reduced to 1.5 years.23

THE RELATIVE FREQUENCY OF THE
DIFFERENT LYMPHOMAS 

Inevitably, in any discussion of lymphoma classifica-
tion there tends to be greater emphasis on the rare and
difficult conditions than is necessarily warranted by
their frequency. Because of epidemiologic differences
and regional bias, it is difficult to generalize about the
distribution of different lymphomas. Extrapolating
from previous studies that preceded the REAL classifi-
cation, and the results of the Lymphoma Classification
Project (Table 51.2), it is possible to obtain some sort of
perspective. Thus, in North America and Europe, B-cell
lymphomas account for approximately 85% of all lym-
phomas. The Lymphoma Classification Project found
that, together, large B-cell lymphoma (30.6%), follicu-
lar lymphoma (22.1%), mucosa-associated lymphoid
tissue (MALT) lymphoma (7.6%), lymphocytic lym-
phoma/chronic lymphocytic leukemia (6.7%), and
mantle cell lymphoma (6.0%) comprised 73% of all
lymphomas. Given that Asian and African patients
were represented by only two of the eight centers,
these relative incidence figures are less valid for Asia or
Africa where overall there is a much lower frequency of
follicular lymphoma and, in parts of Asia, a higher fre-
quency of T-cell lymphoma.

UPDATING THE WHO CLASSIFICATION

Previous experience, especially with the Working
Formulation, has shown that lymphoma classification
is necessarily a constantly moving target. New con-

cepts and consequently newly recognized diseases are
constantly arising and demand to be included in cur-
rent classifications. The REAL classification recognized
this both tacitly and overtly by the inclusion of provi-
sional entities. The question of how to address the
problem of updating the classification was left hang-
ing, however. In this respect it was a fortunate coinci-
dence that, shortly after the publication of the REAL
classification, the WHO commenced the ambitious
project with the aim of formulating a new comprehen-
sive classification of both lymphoma and leukemia. In
terms of the lymphomas, the WHO classification pro-
ject has essentially addressed the immediate problem
of updating and refining the REAL classification.
However, the problem of continuous updating of the
WHO classification still remains to be addressed.

GENE EXPRESSION PROFILING
The profound effect of the advent of immunohisto-
chemistry on lymphoma classification, outlined
above, is likely to be repeated once the new gene array
techniques24 move out of the academic research area
into diagnostic pathology laboratories. This technique
permits automated, semiquantitative comparative
analysis of the expression of thousands of genes (the
entire human genome) from RNA extracted from a
small sample of fresh tissue. By simultaneous analysis
of a large number of cases of lymphoma, those with
identical and distinctive patterns of either overexpres-
sion or underexpression of certain genes can be iden-
tified and recognized (i.e., classified) as distinctive dis-
eases. The power of this technique, with regard to
lymphoma classification, was first demonstrated in a
series of DLBCLs25 (see below) and it is likely that as
more studies are completed considerable changes in
lymphoma classification will follow. Unlike previous
changes in lymphoma classification, however, the
broad principles of the WHO classification are unlikely
to change.

ISSUES RELATING TO INDIVIDUAL ENTITIES 
IN THE WHO CLASSIFICATION

As with any new classification, when the WHO lym-
phoma classification was presented to the hematolo-
gists and oncologists26 who would be using it in the
clinic, several contentious issues arose that deserve
special consideration and clarification.

PRECURSOR CELL NEOPLASMS
With respect to the relationship of the solid precursor
cell tumors with the leukemias, the FAB terms L1, L2,
and L3 are no longer relevant, since L1 and L2 do not
predict immunophenotype or clinical behavior and L3
is equivalent to Burkitt lymphoma (BL) in a leukemic
phase. Lymphoblastic lymphomas and leukemias are
the same disease in different stages. 
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Table 51.2 Relative incidence of non-Hodgkin’s 
lymphomas (Non-Hodgkin’s Lymphoma Classification
Project)

Diffuse large B cell 30.6%

Follicular 22.1%

Marginal zone B-cell of MALT type 7.6%

Peripheral T cell 7.0%

Small B lymphocytic 6.7%

Mantle cell 6.0%

Primary mediastinal large B cell 2.4%

Others 17.6%



THE MATURE B-CELL LEUKEMIAS
The term “mature” is preferable to “peripheral” to
describe the majority of the lymphomas. Chronic
lymphocytic leukemia and lymphocytic lymphoma
are clearly the same disease although they tend to be
seen by different clinicians. However, prolymphocytic
leukemia is distinctly different.

FOLLICULAR LYMPHOMA
Grading of follicular lymphoma is a contentious issue
but it is now agreed that grading should be carried out
according to the method proposed by Berard,27 which
described 3 grades based on the number of large cells
(centroblasts) per high-power field. Grade 3 follicular
lymphoma is divided into 3a and 3b, the latter used for
tumors comprising sheets of centroblasts. In practice,
only grade 3 (greater than 15 centroblasts per high-
power field) is clinically significant being indicative of
more aggressive disease that may require doxorubicin-
containing therapy.28 The presence and percentage of
diffuse areas should also be commented on although
the clinical significance of this point is not yet clear. 

CUTANEOUS FOLLICLE CENTER LYMPHOMA 
This controversial and poorly defined skin tumor25

tends to occur in the upper half of the body and
appears to be unrelated to follicular lymphoma but is,
rather, a variant of DLBCL. Its importance lies in its
remarkably indolent clinical behavior. 

MARGINAL ZONE LYMPHOMAS
Three separate entities comprise this group of lym-
phomas. The first two, marginal zone lymphoma of
MALT and nodal marginal zone lymphoma �/�

monocytoid B cells, are closely related but the third,
“SMZL,” is a quite different disease.

MARGINAL ZONE LYMPHOMA OF MUCOSA-
ASSOCIATED LYMPHOID TISSUE
This type of lymphoma arises in extranodal sites and
recapitulates the histology of the Peyer’s patch.29 The
stomach is the commonest site. MALT lymphomas are,
by definition, low grade. Transformation to a diffuse
large B-cell (high-grade) lymphoma can occur and this
phenomenon is clinically significant and should be
documented in the histology report. However, the
term “high-grade MALT lymphoma” should not be
used for these cases. In particular, DLBCLs arising de
novo at extranodal sites where MALT lymphomas
occur, such as the stomach, should not be called high-
grade MALT lymphomas since this terminology may
bias the clinician toward inappropriate therapy.

NODAL MARGINAL ZONE LYMPHOMA �/�
MONOCYTOID B CELLS
The lymph node histology of this entity is identical to
that of the lymph nodes involved by MALT lym-
phoma30 so that the possibility of a cryptic MALT lym-

phoma should always be born in mind when a diagno-
sis of nodal marginal zone lymphoma is entertained.

SPLENIC MARGINAL ZONE LYMPHOMA
The constituent cells of SMZL bear only passing resem-
blance to splenic marginal zone cells and do not share
their immunophenotype.31 Patients typically present
with splenomegaly often accompanied by anemia and
thrombocytopenia. Peripheral blood involvement is
often, but not always, present and in some of these
cases the circulating neoplastic lymphocytes have a
villous appearance. These cases were previously
termed “splenic lymphoma with villous lympho-
cytes.”32 The use of this somewhat imprecise term will
not only fail to include those cases without circulating
villous lymphocytes but, more importantly, tends to
include other cases of B-cell lymphoma with periph-
eral blood spillover since the cells of various lym-
phomas may sometimes adopt a villous appearance,
either real or artifactual, in the peripheral blood. This
is an important consideration since SMZL tends to
respond favorably to splenectomy alone in contrast to
its poor response to chemotherapy.33

DLBCL AND BURKITT-LIKE LYMPHOMA
The classification of large B-cell lymphomas as a single
group has been controversial. Various morphologic
subtypes have been recognized including centroblas-
tic, immunoblastic, anaplastic, and T-cell rich but the
clinical significance of subclassifying DLBCL in this
way is of doubtful significance and they do not appear
to constitute separate diseases. There are, however,
three rare large B-cell lymphomas that do appear to
merit the designation as distinct diseases namely pri-
mary mediastinal (thymic) large B-cell lymphoma,33

intravascular lymphoma,34 and primary effusion lym-
phoma.35 There is little doubt that within the category
of DLBCL there are at least several more distinct enti-
ties that might benefit from different therapies. Their
recognition is one of the challenges faced by
hematopathologists, and gene profiling techniques
have already shown great promise in this area. The
original study using this technique25 showed that it
was possible to recognize two major clinically signifi-
cant groups of DLBCL, those derived, respectively,
from germinal center cells and so-called activated B
cells. Subsequently, a third group has been recog-
nized36 and a further study has vindicated the separate
classification of mediastinal large B-cell lymphoma.37

The borderline between DLBCL and BL is not always
clear-cut. The WHO clinical advisory meeting took the
decision that those DLBCL with Burkitt-like morphol-
ogy that did not strictly conform to that of BL, but
with c-myc rearrangement and a proliferation fraction
of 100%, are best termed “atypical BL” and should
receive therapy tailored for BL. Thus, they represent a
subtype of BL, the others being endemic BL, nonen-
demic BL, and immunodeficiency-associated BL. 
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MATURE T- AND NK-CELL LYMPHOMAS
Clinical syndromes rather than cytomorphological
features form the principal basis for the identification
of real diseases within this difficult group. Several pro-
visional disorders listed in the REAL classification are
now recognized as defined entities but, despite many
attempts to recognize distinct diseases, most T-cell
lymphomas end up being classified as “T-cell lym-
phoma unspecified.” This is clearly unsatisfactory and
is partly due to the rarity of T-cell lymphomas as a
whole. It is to be hoped that the adoption of the new
principles of classification will, as new data accumu-
late perhaps with the aid of gene profiling, lead to the
rationalization of this group. 

ANAPLASTIC LARGE-CELL LYMPHOMA
Previously defined on the basis of its cytology and
expression of CD30, it has become clear that more
than one “real” disease can exhibit these features. The
discovery of the t(2;5) translocation, which results in
the expression of anaplastic lymphoma kinase (ALK)
protein, has helped to define a form of T/null-cell
ALCL that tends to occur in children and young adults
and which, although aggressive, carries a good prog-
nosis with appropriate therapy.38 It seems likely that
the somewhat similar, but t(2;5) (ALK) negative, cases
are a different disorder, but this awaits confirmation.
Again, gene profiling is likely to give us the answer. It
is clear, however, that primary cutaneous ALCL,39

which is always ALK negative and, moreover, lacks a
cytotoxic phenotype, is an entirely different entity.

Cutaneous ALCL is closely related to the benign disor-
der lymphomatoid papulosis and the term “cutaneous
lymphoproliferative disorder”40 has been suggested for
those cases with overlapping features. Whether such a
term is appropriate in a lymphoma classification is a
moot point and in recognition of this, this entity is
included under the subheading “T-cell neoplasm of
uncertain malignant potential.”

CONCLUSIONS

The WHO classification of lymphoid neoplasms repre-
sents a major step forward in our understanding of
these tumors. Moreover, in building on the REAL clas-
sification, it has pointed the way to practical methods
of further updating, which will be essential if the clas-
sification is to endure and to continue to serve the
needs of clinicians. Implicit in the classification are
signposts for further research, particularly with respect
to DLBCL and T-cell lymphoma, unspecified. The for-
mulation of the WHO classifications must be counted
as a considerable achievement. By contrast with previ-
ous attempts to classify this difficult group of tumors,
a large number of pathologists, 19 for the REAL classi-
fication and over 50 for the WHO scheme, have been
involved, and to have achieved consensus within this
group is remarkable! Perhaps even more remarkable is
to have maintained this consensus in presenting such
radically new concepts to the clinicians who treat
patients with lymphoma.
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B-CELL LYMPHOMAS

INTRODUCTION
The B-cell lymphomas can be thought to arise from
normal B-cell counterparts and therefore can be placed
in the context of normal B-cell development. This
model serves as a framework for understanding the ori-
gin of these lymphomas (Figure 52.1). In this section,

we will present the typical histopathologic, immunophe-
notypic, and molecular genetic features of the B-cell
lymphomas.

SMALL LYMPHOCYTIC LYMPHOMA
General: Small lymphocytic lymphoma (SLL) repre-
sents approximately 7% of non-Hodgkin’s lymphomas
(NHLs)1 and presents in adulthood with a median age
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of 65 years and a 2:1 male predominance. It is the tis-
sue equivalent of chronic lymphocytic leukemia
(CLL).

Pathology: SLL is a diffuse process that effaces
lymph node architecture with a small lymphoid infil-
trate. The cells have condensed chromatin, round
nuclear contours, and scant cytoplasm. As in CLL,
intermediate-sized lymphocytes with slightly open
chromatin and a small central nucleolus (paraim-
munoblasts) are always present and oftentimes aggre-
gate to form proliferation centers (Figures 52.2 and
52.3). Increased numbers of paraimmunoblasts can be
seen in biopsies and this does not constitute a trans-
formation of SLL. Only when sheets of large cells are
present does one consider a large cell transformation
of SLL to diffuse large B-cell lymphoma (a form of
Richter syndrome)

Immunophenotype: The immunophenotype of SLL is
identical to CLL and the cells express CD5, CD19,
CD20, CD23, and restricted surface immunoglobulin. 

Molecular genetics: SLL has monoclonally rearranged
immunoglobulin heavy (IGH) chain genes, which can
be detected by PCR or Southern blot methods. Much has
been learned regarding the cytogenetic abnormalities
that have prognostic significance.2 Table 52.1 shows
the most common abnormalities and their frequency.
Cases with del 13q and trisomy 12 have relatively good
prognosis compared to those cases with del 11q or del
17p.2 IGH mutational status has also been shown to be
an important predictor of outcome. Cases of CLL with
unmutated IGH have a relatively poor prognosis com-
pared to those with mutated IGH (�2% deviation from
germline sequences).3,4 Recent expression arrays stud-
ies have shown excellent (but not 100%) correlation
between ZAP-70 expression (present in unmutated
SLL/CLL) and IGH mutational status.

MANTLE CELL LYMPHOMA
General: Mantle cell lymphoma (MCL) represents
approximately 6% of lymphomas.1 It generally pre-
sents in middle-aged to older adults with a median age
of approximately 60 and a male predominance. Stage 3
or 4 involvement is common at presentation and bone
marrow involvement is seen in more than half the
patients at presentation. Although nodal disease is
most common, primarily extranodal disease involving
Waldeyer’s ring or the gastrointestinal tract does
occur.5

Pathology: Nodular, mantle zone, and diffuse archi-
tectural patterns of infiltration can occur. In the man-
tle zone pattern, the lymphomatous infiltrate sur-
rounds reactive germinal centers. In the nodular
pattern, the infiltrate replaces normal follicles. The dif-
fuse pattern is most common. The infiltrate is very
monotonous and is composed of small lymphocytes
with slightly irregular nuclei, condensed chromatin,
and inconspicuous cytoplasm (Figure 52.4). Mitotic
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Figure 52.2 SLL, low magnification shows a diffuse infil-
trate of small lymphocytes with a central pale area repre-
senting a proliferation center

Figure 52.3 SLL, high magnification shows the detail of a
proliferation center. Nucleolated cells (paraimmunoblasts)
are present in increased numbers

Table 52.1 Frequency of chromosomal abnormalitiesa

Aberration Percentage of cases

13q deletion 55

11q deletion 18

Trisomy 12 16

17p deletion 7

6q deletion 6

Trisomy 8q 5

t(14q32) 4

Trisomy 3q 3

Normal 18

aDefined by FISH, some cases may have more than one abnormality.



figures, unusual in other low-grade B-cell lymphomas,
are commonly seen in MCL. Epithelioid histiocytes
are frequently admixed in the infiltrate, imparting a
“mottled” look at low to intermediate magnification. 

The blastoid variant is an aggressive variant of MCL
and is characterized histologically by intermediate-
sized cells. A fine blast-like chromatin can be seen in
some cases resembling lymphoblastic lymphoma.
Other cases have a more pleomorphic appearance and
more closely resemble large cell lymphoma.6 Mitotic
figures (�20/10 hpf) are seen and associated with a
poor prognosis.5

Immunophenotype: The characteristic immunopheno-
type of MCL is CD5�, CD10�, CD19�, CD20�(bright),
CD23�, FMC7�, surface Ig light chain restricted, and
cyclin D1�.7

Molecular genetics: Expression of cyclin D1 is seen in
the vast majority of cases and is a consequence of the
t(11;14)(q13;q32) that helps define this lymphoma.
Only rare cases of MCL may lack this translocation.8

This translocation can be detected by standard cytoge-
netics or FISH. PCR assays exist but because of the vari-
ability in breakpoints these are not as widely used in
clinical laboratories as FISH. Blastoid mantle cell lym-
phomas have characteristic (although not specific)
additional genetic abnormalities such as TP53 mutation,
deletion of P16, deletion of P21, and tetraploidy.9–11

FOLLICULAR LYMPHOMA
General: Follicular lymphoma is the second most com-
mon NHL after diffuse large B-cell lymphoma and
comprises approximately 22% of lymphomas.1 It
occurs in older adults with a median age of 59 years
and female predominance.1 Most patients have dis-
seminated disease at presentation, with only 33% of
patients having stage 1 or 2 disease. Bone marrow is
involved in 40% of patients. This lymphoma generally
has a long relapsing and remitting disease course with

a 5 year overall survival of 72% but a failure-free sur-
vival of only 40%.1

Pathology: The hallmark of follicular lymphoma is
the follicular architecture. The follicles are occupied by
neoplastic cells recapitulating the normal lymphoid
follicle. The lymphoma cells are neoplastic centrocytes
(cleaved cells) and centroblasts (large noncleaved cells)
in varying proportions, which determines the cyto-
logic grade (Figure 52.5). Lymphoma cells are also seen
between the neoplastic follicles when these areas are
closely inspected and can also be a useful diagnostic
feature. Cytologic grades are determined according to
Mann and Berard (Table 52.2).12

The WHO classification suggests that overall and
failure-free survival does correlate with cytologic
grade, although conflicting data exists.13,14 Evolution
of treatment regimens will likely impact the impor-
tance of grading.

Diffuse areas can be seen in follicular lymphoma in
varying proportions. The WHO recommends reporting
the proportion of diffuse areas (see Table 52.1). The
amount of diffuse component may indicate a worse
prognosis, particularly with grade 3 lymphoma,15 and
any diffuse component of sheets of large cells is best
considered diffuse large B-cell lymphoma. A diffuse
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Figure 52.4 MCL, low magnification shows a diffuse infil-
trate of small lymphocytes. Inset (upper right) shows the
high magnification appearance with an epithelioid histiocyte
in the center. The lower inset show cyclin D1 expression

Figure 52.5 Follicular lymphoma demonstrating a nodu-
lar architecture. The inset shows the cytologic features with
predominantly small cleaved cells in this case

Table 52.2 Cytologic grading of follicular lymphoma

Grade Centroblasts/hpf (average of 10 fields,
0.159 mm2/hpf 
 40 � objective, 18 mm
ocular field of view)

1 0–5

2 6–15

3 �15

3a Centrocytes admixed with centroblasts

3b Sheets of centroblasts

Diffuse areas are reported as follows: Follicular 
 greater than 75%
follicular pattern; follicular and diffuse 
 25–75% follicular; focally
follicular 
 less than 25% follicular.



variant of low-grade follicular lymphoma is recognized
by the WHO classification. 

Immunophenotype: Follicular lymphomas are CD5�,
CD10�, CD19�, and CD20� B-cells. Light chain
restriction can usually be demonstrated; however, a
minority of cases may lack detectable surface
immunoglobulin.16 Bcl-6 is also expressed in a great
majority of follicular lymphomas and is a useful
marker when the differential includes other B-cell
lymphomas with a nodular pattern such as that may
occur in nodular mantle cell lymphoma.17 Bcl-2 is
overexpressed in 85% of follicular lymphomas and
expression can be useful in distinguishing follicular
hyperplasia (negative) from follicular lymphoma (pos-
itive) (Figure 52.6). Expression levels depend on cyto-
logic grade, with nearly 100% of grade 1 lymphomas
expressing bcl-2, while only 75% of grade 3 lym-
phomas express this oncoprotein.18

Molecular genetics: Follicular lymphoma is typi-
cally characterized by t(14;18)(q32;q21). It can be
found in approximately 80–90% of follicular lym-
phomas.19 This brings the BCL2 gene under the influ-
ence of IGH and results in overexpression of this
antiapoptotic protein. The breakpoints in the BCL2
gene are clustered in the major and minor break-
point regions of BCL2.20 Thus, PCR assays can be
designed to detect this translocation. These can
detect t(14;18)(q32;q21) in approximately 60–70% of
cases of follicular lymphoma.19 Additional probe sets
can be used to detect other less common breakpoints
and improve detection of this translocation.21 FISH
probes flanking breakpoints have a higher detection
rate and are a preferred method for detection of this
translocation.22

Variant follicular lymphomas
Primary cutaneous follicular lymphomas have been
somewhat controversial, probably due to lack of con-
sistent definition. Many studies, when adhering to
WHO classification criteria, report a low percentage

(�30%) of cases harboring a t(14;18)(q32;q21) and
also low rate of expression of bcl-2 protein, com-
pared to nodal follicular lymphoma. These lym-
phomas are very indolent and have an excellent
prognosis.23 Pediatric follicular lymphomas are also a
peculiar subset of follicular lymphomas. Although
histopathologic features are essentially identical to
adult cases, those occurring in children are usually
bcl-2 protein negative and lack a BCL2/IGH translo-
cation.24

EXTRANODAL MARGINAL ZONE B-CELL LYMPHOMA
OF MUCOSA-ASSOCIATED LYMPHOID TISSUE
General: Mucosa-associated lymphoid tissue (MALT)
lymphomas are extranodal lymphomas that com-
monly involve mucosal sites in adults with a median
age of 61 years.1 These are often associated with
autoimmune disorders such as Sjögren syndrome
and Hashimoto thyroiditis. These lymphomas com-
prise approximately 7.6% of NHLs. The most com-
mon site is the gastrointestinal tract (51%) with the
stomach accounting for the great majority of those
cases. Other common sites include lung (10%), orbit
(12%), skin (9%), salivary gland (6%), and thyroid
(5%).25

Gastric MALT lymphomas can serve as a prototype
of antigen driven lymphomas with Helicobacter pylori
present in up to 90% of cases.26 Subsequent studies
have shown the organism is responsible for antigen
stimulation of the lymphoma, which is dependent on
T-cell help while B-cells react to autoantigens.27–29

Treatment for Helicobacter is now part of the therapy in
gastric MALT lymphomas and can, in some cases,
cause regression and cure of disease.30

Most (66%) patients present with low stage (1 or 2)
disease but up to 30% may have disseminated disease
at diagnosis.1,31 This is an indolent lymphoma with a 5
year survival of 85%.31

Pathology: MALT lymphomas recapitulate normal
MALT in that they can have an organized architecture
in mucosal sites with hyperplastic germinal centers,
expansion of marginal zone cells, and superficial
plasma cell differentiation. Occasionally, the plasma
cell differentiation can be extreme, mimicking a plas-
macytoma. Using a gastric MALT lymphoma as the
example, the mucosa is infiltrated by a dense lym-
phoid infiltrate consisting of small lymphocytes with
round to slightly irregular contours and moderate
amounts of pale cytoplasm (marginal zone cells or
“centrocyte-like” cells). Nucleoli are inconspicuous.
There are admixed larger centroblastic cells present
and plasma cells vary in number

The marginal zone cells can infiltrate epithelium
and destroy the glandular structures. These are termed
lymphoepithelial lesions (LELs) and are a hallmark of
this disease (Figure 52.7). Marginal zone cells can
invade the reactive germinal centers in a process
termed follicular colonization. 
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Figure 52.6 Immunostains in the case shown in Figure
52.5 demonstrate expression of CD20 (left) and bcl-2
(right). The case also expressed CD10 and bcl-6 (not
shown)



Immunophenotype: MALT lymphoma cells express
CD19, CD20, and surface immunoglobulin. They lack
CD5 and CD10. CD43, an antigen not normally
expressed on B-cells can be seen in up to approxi-
mately 60% of cases.32 Cytoplasmic immunoglobulin
can be detected in minority (20%) of cases. Cases with
t(11;18)(q21;q21) and t(1;14)(p22;q32) express nuclear
bcl-10.33

Molecular genetics: Much has been learned about
the molecular genetics of MALT lymphomas. A
t(11;18)(q21;q21) is the most common recurrent cyto-
genetic abnormality in MALT lymphomas, occurring
in approximately 20% of MALT lymphomas. The fre-
quency varies by site, being most common in lung
(38%) and stomach (25%) and uncommon in the sali-
vary gland and thyroid (Table 52.3).34,35

This translocation results in a fusion of the API2 and
MLT1 genes that appears to activate NF�B.36 Detection
of this translocation has clinical significance since
those cases of gastric MALT lymphoma with the
t(11;18)(q21;q21) do not respond to anti-Helicobacter
therapy and are associated with infection by CAG-A�

strains of the organism. A t(14;18)(q32;q21) resulting
in an IGH/MLT1 translocation has also been recently
described in MALT lymphomas, particularly in those
MALT lymphomas with low incidence of API2/MLT1.37

Another recurrent translocation is seen in MALT
lymphomas. The t(1;14)(p22;q32) is an uncommon
translocation in MALT lymphoma. It juxtaposes IGH

and BCL10 genes, resulting in nuclear expression of
bcl-10. Recently, bcl-10 has been shown to interact with
MLT1 protein. These two proteins are also capable of
activating NF�B via IKB kinase (IKK) activation. Thus, it
appears that both these translocations have a common
mechanism of action, namely to activate NF�B, which
may play a major role in lymphomagenesis.38

SPLENIC MARGINAL ZONE LYMPHOMA
General: Splenic marginal zone lymphoma (SMZL) is
an uncommon lymphoma and probably accounts for
less than 3% of lymphomas. The median age at diag-
nosis is 68 years with a slight male predominance.39 It
presents with splenomegaly and peripheral blood
involvement is common. The appearance in the
peripheral blood accounts for the term splenic lym-
phoma with villous lymphocytes. Adenopathy is
uncommon and a small monoclonal gammopathy is
present in up to two-thirds of patients.40

Pathology: Peripheral blood morphology is variable.
The cells are small with moderate amounts of pale
cytoplasm and short cytoplasmic projections that may
aggregate at opposite ends of the cells. Nucleoli are
inconspicuous. At times the cells lack noticeable pro-
jections and have a more monocytoid or plasmacytic
appearance.

In the spleen, there is expansion of the white pulp.
Marginal zones may be expanded and a nodular
appearance can be seen from replacement of the pre-
existing follicles. The cells have a variable appearance
with small lymphocytes having scant cytoplasm often
seen at the centers of the nodules and monocytoid 
B-cells with more abundant cytoplasm present at 
the edges of the nodules (Figures 52.8 and 52.9).
Transformed centroblastic cells are present and there
may be plasmacytic differentiation. There is always
extension into red pulp that can be highlighted by
immunohistochemistry. Hilar lymph nodes are usually
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Figure 52.7 Gastric MALT lymphoma with LELs (left cen-
ter). The inset shows H. pylori organisms in Giemsa staining

Table 52.3 Frequency of API2/MLT1 translocation in
MALT lymphoma

Site Frequency

Lung 38%

Stomach 24%

Conjunctiva 19%

Orbit 14%

Skin, salivary, thyroid Rare

Figure 52.8 Splenic marginal zone lymphoma. Low mag-
nification shows expansion of the white pulp with promi-
nent marginal zones. The inset (upper left) shows a circu-
lating lymphoma cells with villous cytoplasmic projections



involved with replacement of the germinal centers but
patent sinuses.41,42 Bone marrow involvement is often
in a sinusoidal distribution but the pattern is not
entirely specific.43,44

Immunophenotype: The immunophenotype is
CD5�, CD10�, CD19�, CD20�, CD22�, CD25�/�,
CD103�, bcl-2�, bcl-6�, surface Ig�.17,45,46

Molecular genetics: Recent studies have show fre-
quent deletion of 7q31-32 in SMZL.47 Other common
abnormalities include gain of 3q and abnormalities of
chromosomes 1, 8, and 14.48 Note that translocations
of MLT1 seen in extranodal marginal zone lymphomas
of MALT type are not seen in SMZL, thus further sup-
porting the contention that these are unrelated disor-
ders.49 Cases with chromosomal losses, including del
7q, may identify cases with a poor survival.50 IGH
mutational analysis shows, as in CLL, heterogeneity
within SMZL and cases. Unmutated SMZL appeared to
have a shorter overall survival and del 7q31 was over-
represented in this group.50

NODAL MARGINAL ZONE LYMPHOMA 
General: Nodal marginal zone lymphoma is an uncom-
mon lymphoma, comprising approximately 2% of
NHL. There is a slight female predominance (M:F 


0.7) and the median age at diagnosis is 58 years. Forty
percent of patients have marrow involvement at pre-
sentation and the overall survival is approximately
55% at 5 years.1 In order to make this diagnosis,
patients should not have previous or concurrent extra-
nodal marginal zone lymphoma of MALT type.

Pathology: The lymph node is altered by an infiltrate
of marginal zone cells. These cells are small with con-
densed chromatin, slightly irregular nuclei, and vari-
able amounts of pale cytoplasm. The cells, therefore,
can vary between centrocyte-like cells and monocy-
toid B-cells. Plasmacytic differentiation can be seen in
some cases. The infiltrate expands the interfollicular
areas with preservation of reactive germinal centers

(Figures 52.10 and 52.11). Colonization of the follicles
can occur and impart a nodular appearance to the lym-
phoma. Two subtypes have been suggested, a MALT
type and splenic type, based on resemblance to these
two lymphomas.51

Immunophenotype: This lymphoma expresses CD19,
CD20, and surface immunoglobulin. CD5 or CD10 are
not expressed. Some cases express IgD and this has been
suggested as a differentiating characteristic between the
splenic type (positive) and the MALT type (negative).51

Molecular genetics: Little is known regarding the
molecular genetics of this lymphoma. It has been
shown that these lymphomas do not contain MLT1
translocations, supporting the concept that these lym-
phomas are distinct from MALT lymphomas.34

LYMPHOPLASMACYTIC LYMPHOMA
General: Lymphoplasmacytic lymphoma (LPL) is an
uncommon lymphoma (1% of lymphomas) that pre-
sents equally in men and women. The median age at
diagnosis is 63 years.1 A subset of patients, approxi-
mately 25%, present clinically with Waldenstrom
macroglobulinemia. The overall survival at 5 years is
59%.1
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Figure 52.9 Splenic marginal zone lymphoma. High
magnification shows the characteristic cytologic features of
small cells with abundant pale cytoplasm. The upper right
corner shows part of a germinal center surrounded by a
thin rim of mantle cells

Figure 52.10 Nodal marginal zone B-cell lymphoma
showing a germinal center (arrows) that is ill-defined and
being infiltrated by lymphoma cells

Figure 52.11 Nodal marginal zone B-cell lymphoma. At
high magnification, the cytologic features of the lymphoma
cells surrounding the follicle in Figure 10



Pathology: The morphologic features of LPL are vari-
able. Cytologically, the lymphoma is composed of
small lymphocytes with plasmacytoid features and
plasma cells that are part of the neoplasm. Dutcher
bodies (intranuclear cytoplasmic intrusions) can be
seen. Recently, three morphologic patterns have been
described. In one, there are open sinuses with small
follicles. In the second, there are hyperplastic germinal
centers, and in the third there is diffuse effacement of
the lymph node (Figure 52.12). Epithelioid histiocytes
are commonly seen.

Immunophenotype: The lymphoma cells express
CD19 and CD20 with surface immunoglobulin.
Cytoplasmic immunoglobulin is expressed in the plas-
macytic cells and heavy chain is usually IgM, although
other can be seen uncommonly. Presence of CD5
should prompt consideration of CLL/SLL.

Molecular genetics: Relatively little is known regard-
ing the molecular genetics of LPL. Immunoglobulin
genes are clonally rearranged. Initials studies have sug-
gested a t(9;14)(p13;q32) translocation; however,
recent studies suggest this is not a common occur-
rence.52

DIFFUSE LARGE B-CELL LYMPHOMA
General: Diffuse large B-cell lymphoma (DLBCL) is the
most common NHL. It occurs most commonly in
adults with a median age of 64 years and a slight male
predominance. Unlike indolent lymphomas, only 17%
of patients have bone marrow involvement.1 This lym-
phoma is potentially curable with a cure rate of
approximately 35% with anthracycline-based thera-
pies.53

Pathology: DLBCL is characterized by a diffuse infil-
trate of large cells. Size can be gauged by histiocyte or
endothelial cells within the tissue. DLBCL cells are typ-
ically larger than these cells. The cytologic features can
be variable. Many cases have a predominance of cen-
troblasts with vesicular chromatin and multiple small
nucleoli. The nucleus can be round or lobulated. Some
cells resemble immunoblasts with prominent central
nucleoli. Cytoplasm is generally moderate in amount.

Occasional cases are composed of large centrocytes
with open chromatin. Mitotic figures are variably
prominent. In some case, partial involvement of the
lymph node can be seen. Rare cases will involve inter-
follicular areas. 

Extranodal DLBLCs appear similar to nodal cases.
Some may represent transformation of MALT lym-
phomas. A variant of DLBLC, primary mediastinal
DLBCL, typically has lobulated cells and sclerosis.
Another variant, intravascular DLBCL involves vessels
only. 

Immunophenotype: The vast majority of DLBCLs
express pan-B-cell antigens such as CD19 and CD20.
Surface immunoglobulin is expressed in most cases but
may be lacking in some.54 Expression of bcl-2 and high
Ki-67 index have been associated with poor prognosis
in DLBCL.55,56 Bcl-6 expression has been suggested to
be indicative of a more favorable outcome.57 Recent
expression array studies have shown that phenotyping
with CD10, Bcl-6, and MUM-1 can help identify the
germinal center type of DLBLC (Figure 52.13).58

Molecular genetics: Rearranged B-cell receptor genes
are present. Recurrent genetic abnormalities can be
found. For example, the t(14;18)(q21;q32), characteris-
tic of FL, can be seen in approximately 20% of
DLBLC.59 BCL6 rearrangements are also common and
can be found in approximately 30% of cases.60 Much
progress has been made in understanding gene expres-
sion patterns in DLBCL by using microarrays.61–63

These studies have allowed distinction of prognostic
subgroups within DLBCL, which are independent of
the International Prognostic Index. Germinal center-
like DLBCL (having expression patterns similar to ger-
minal center B-cells) appear to have a favorable prog-
nosis compared to the activated B-cell like DLBCL
(having expression patterns similar to activated B-cells).
Distillation of this complex data to practical clinical lab-
oratory assays is beginning. Genetic expression models
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Figure 52.12 Lymphoplasmacytic lymphoma consisting
of a diffuse infiltrate of small lymphocytes and plasma cells

Figure 52.13 Diffuse large B-cell lymphoma. Sheets of
centroblastic cells are present. Immunostains show the cells
lack CD10 (top inset), but express bcl-6 (middle inset) and
MUM1(bottom inset). This phenotype is consistent with a
nongerminal center-type DLBCL, associated with a worse
outcome compared the germinal center-type DLBCL



using expression data from just a few genes62–64 or
immunohistochemical staining for three genes58 have
been shown to be prognostically significant. Using a
model of weighted gene expression, investigators
showed that just six genes yielded prognostic informa-
tion independent of the IPI in two independent data
sets. Three genes (BCL2, SCYA3, and CCND2) were asso-
ciated with worse prognosis and three genes (LMO2,
BCL6, and FN1) were associated with good prognosis.64

BURKITT LYMPHOMA
General: Burkitt lymphoma (BL) is a highly aggressive
B-cell lymphoma that can present as a lymphoma or
acute leukemia. It often occurs in extranodal sites.
Three clinical variants are recognized. The endemic
form occurs in Africa, where it is the most common
childhood malignancy. Epstein–Barr virus (EBV) is pre-
sent in virtually 100% of cases. The sporadic form
occurs in the developed world and children and
younger adults. It is uncommon and represents about
1% of lymphomas with a median age of 31 years and
male predominance.1 EBV is present in approximately
30% of cases. Immunodeficiency-associated BL is seen
typically in HIV infected patients, where it often
occurs early in the course of infection (sometimes as
the AIDS defining illness). Its incidence appears to be
decreasing in the era of more effective retroviral ther-
apy.65 EBV is seen in approximately 40% of cases.66

Pathology: Burkitt lymphoma shows a starry sky pat-
tern at low magnification because of the numerous tin-
gible body macrophages that are present in the infil-
trate containing apoptotic debris. The lymphoma cells
are intermediate in size and uniform in appearance
with vesicular chromatin and multiple inconspicuous
nucleoli. There is a thin rim basophilic cytoplasm. The
individual cells may show a retraction artifact around
the cells. Mitoses are frequent and apoptosis of indi-
vidual cells is present (Figure 52.14). Imprint morphol-

ogy shows uniform cells with deeply basophilic cyto-
plasm and cytoplasmic vacuolization, which stains
positively with oil-red O. In HIV-associated cases, plas-
macytoid differentiation may be seen.

Immunophenotype: The immunophenotype is that of
a mature B-cell expressing CD19, CD20, CD10, and
surface immunoglobulin. The cells are negative for
precursor-B-cell blast markers such as CD34 or TdT.
Bcl-2 is also absent in most cases. Ki-67 is expressed in
more than 90% of cells as a result of the underlying
molecular genetic abnormality (described below). 

Molecular genetics: Burkitt lymphoma is defined by the
presence of a C-MYC translocation with immunoglobu-
lin genes. Cytogenetically, this can be t(8;14)(q24;q32)
or the variant translocations t(2;8)(p11;q24) or
t(8;22)(q24;q11). These can be detected by FISH tech-
niques and place C-MYC under the control of the
immunoglobulin gene promoters, which leads to over-
expression of C-MYC. This, in turn, causes expression
of genes important in cell cycle such that virtually
100% of cells are cycling. Breakpoints in the
immunoglobulin genes appear to vary depending on
the type of BL. In endemic cases, the breakpoint is in
the joining region suggesting transformation at the
early B-cell stage, while in sporadic cases it involves
the heavy chain switch region, suggesting a later B-cell
stage of development at transformation.67 EBV viral
genome can be detected in EBV positive cases and is
clonally integrated, consistent with infection prior to
malignant transformation.68

While C-MYC translocations are present in BL, it
should be noted that it is not specific for this lym-
phoma since C-MYC translocation can occur as a sec-
ondary event in other types of lymphomas. 

LYMPHOMATOID GRANULOMATOSIS
General: Lymphomatoid granulomatosis (LYG) is a rare
lymphoproliferative disorder typically involving lung
and other extranodal sites such as skin, kidney, and
central nervous system. It is an angiodestructive and
angioproliferative lesion that only recently has been
understood to be an EBV driven B-cell lymphoprolifer-
ative disorder. A previous term in the literature that
likely represent LYG is angioimmunoproliferative
lesion. Patients present with respiratory symptoms
such as cough, chest pain, and dyspnea. Constitutional
“B” symptoms are also common. This presents in
adults with a median age of 40 years  and a male pre-
dominance.69 Patients with immunodeficiency states
are at increased risk for LYG.70–72 The clinical course is
variable and spontaneous regression of some low-grade
lesions may occur. Treatment with multiagent
chemotherapy and interferon has been used with some
success.73

Pathology: LYG appears as a polymorphous lym-
phoid infiltrate with necrosis. The cells are, for the
most part, small to intermediate in size with angulated
nuclei. The infiltrate is angiocentric and infiltration of
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Figure 52.14 Burkitt lymphoma. Sheets of intermediately
sized cells (compared to tingible body macrophage nuclei in
left center) are seen with multiple inconspicuous nucleoli.
The upper right inset shows lymphoma cells with basophilic
cytoplasm and distinct vacuoles. The bottom inset is a Ki-67
antigen immunostain showing an extremely high proliferative
fraction



the vasculature occurs. Destruction of the vessels may
contribute to the necrosis. Rare larger atypical trans-
formed cells are present with the appearance of
immunoblasts or sometimes demonstrating more
atypia. Mitotic figures are present to varying degrees. A
three-tier histologic grading scheme has been pro-
posed74 based upon the number of proliferating large
B-cells.75 Grade 3 lesions correspond to an overt large
cell lymphoma.

Immunophenotype: Immunophenotyping shows the
majority of small lymphocytes are T-cells with a CD4
predominance compared to CD8. The large cell are
now shown to be CD20� B-cells.

Molecular genetics: In situ hybridization (ISH) shows
that the large B-cells are EBV-positive in the higher
grade lesions.69,76 Gene rearrangement studies are often
negative due to the low level of neoplastic B-cells in the
infiltrate. Higher grade lesions more frequently have
monoclonal IGH rearrangements. Grading is aided by
EBER ISH. Grade 1 lesions have less than 5 cells/hpf.
Grade 2 has 5–20 cells and grade 3 tumors have
numerous EBV-positive cells that can form sheets.

PRIMARY EFFUSION LYMPHOMA
General: Primary effusion lymphoma is a rare type of
large B-cell lymphoma that occurs most frequently in
HIV-infected patients. It usually presents in patients as
an effusion in the absence of lymphadenopathy or
mass. Pericardial, pleural, or peritoneal cavities may be
involved. The lymphoma is highly associated with
HHV-8 and most, but not all, cases are EBV-positive. It
is an aggressive lymphoma with short survival.77,78

Pathology: On Wright stain the cells are pleomor-
phic. Some cells may have features of immunoblasts
with large nuclei and prominent nucleoli. Others are
more anaplastic with multilobated nuclei and/or mult-
inucleation. The cytoplasm is deeply basophilic.
Vacuoles may be present. Histologic sections, when a
mass is present, show similar cells.77,78

Immunophenotype: The cells are usually negative for
pan B-cell antigens such as CD19 and CD20 but show
expression of plasmacytic differentiation such as
CD38 and CD138. CD30 is often expressed as is
epithelial membrane antigen. Surface and cytoplasmic
immunoglobulin are not detectable.77,78

Molecular genetics: IGH is rearranged, as expected.
The HHV-8 viral genome encodes for several genes that
may be involved in lymphomagenesis such as cyclin
genes, cytokines, and molecules important in regulat-
ing apoptosis and nuclear transcription factors.79–82

T-CELL AND NK-CELL MALIGNANCIES

INTRODUCTION
Like their B-cell counterparts, several types of T-cell
and NK-cell lymphomas are currently recognized as
distinct clinicopathologic entities. Importantly,

approximately half of T-cell lymphomas do not appear
to represent any of the currently defined clinicopatho-
logic categories, and are instead classified as members
of a heterogeneous group of lymphomas designated
“peripheral T-cell lymphoma, unspecified” (see below).
Establishing a diagnosis of a specific type of T-cell or
NK-cell lymphoma is heavily dependent upon integra-
tion of the associated clinical data. Knowledge of the
clinical findings is especially important for the cuta-
neous T-cell lymphomas. Close cooperation between
the clinician and pathologist is therefore essential for
the most precise diagnosis.

PERIPHERAL T-CELL LYMPHOMA, UNSPECIFIED
General: The designation “peripheral T-cell lymphoma,
unspecified” (PTCLU) encompasses a heterogeneous
group of mature T-cell neoplasms that do not meet cri-
teria for one of the more distinct clinicopathologic
entities described below. Overall, PTCLU accounts for
approximately half of all mature T-cell lymphomas.83

In most cases, patients present primarily with nodal
disease, although extranodal presentations also occur,
including those with primary cutaneous disease.

Pathology: The histologic findings in PTCLU are very
diverse. There is usually extensive effacement of the
normal lymph node architecture by a diffuse prolifera-
tion of the malignant cells (Figure 52.15). Some cases
consist of small- to intermediate-sized cells with only
minimal cytologic atypia, such that distinction from
T-zone hyperplasia can be difficult by morphology
alone. In most cases, however, the malignant cells are
intermediate to large in size, with irregular nuclear
contours and vesicular chromatin.83 Frequently, the
malignant cells exhibit prominent pale to clear cyto-
plasm. A subset of cases will include large, Reed–
Sternberg-like cells, creating a differential diagnosis
that includes Hodgkin’s lymphoma. 

Immunophenotype: In general, cases of PTCLU will
express one or more T-cell antigens. Frequently,
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Figure 52.15 Peripheral T-cell lymphoma, unspecified. This
case displays a diffuse infiltrate of small- to intermediate-sized
cells with pale cytoplasm admixed with occasional large trans-
formed cells



however, the phenotype is aberrant, with loss of at least
one T-cell antigen. Such cases often require extensive
immunophenotypic studies with numerous antibodies
to confirm a T-cell lineage. CD30 may be expressed on
a subset of the malignant cells in some cases.83

Molecular genetics: Clonal T-cell receptor rearrange-
ments are usually detectable by PCR and/or Southern
blot studies. Most cases of PTCLU will display a com-
plex karyotype by classical cytogenetic studies, but
specific, recurrent karyotypic abnormalities have not
been identified. Genomic profiling studies have identi-
fied a complex pattern of recurrent chromosomal
gains and losses,84 but the diagnostic significance of
such changes remains to be determined.

ANAPLASTIC LARGE CELL LYMPHOMA 
General: Anaplastic large cell lymphoma (ALCL) repre-
sents approximately 3% of all NHL in adults, but 10–30%
of NHL in childhood.85 Typically, the disease presents in
systemic fashion with involvement of lymph nodes and
possibly extranodal sites, including skin, bone, soft tis-
sue, and other sites. This systemic form of disease must
be distinguished from cases that present with disease
limited to the skin (see section on CD30� lymphoprolif-
erative disorders of the skin below). Most patients will
present at advanced stage (stage 3 or 4). Detection of ALK
rearrangements (see below) are of importance due to the
superior outcome of ALK� ALCL compared to ALK �

ALCL.86

Pathology: Although the morphologic features of
ALCL are variable, essentially all cases will contain
varying numbers of large cells with eccentrically
placed, band- or horseshoe-shaped nuclei, often with a
punctate area of eosinophilic cytoplasm located adja-
cent to the nucleus.85 These large cells are known as
“hallmark cells,” because their morphology is charac-
teristic of ALCL (Figure 52.16). Variants of ALCL,
termed “lymphohistiocytic variant ALCL” and “small
cell variant ALCL,” have also been described. 

The marked nuclear pleomorphism seen in routine
histologic sections of ALCL leads to a wide differential
diagnosis. In some cases, the malignant cells resemble
the Reed–Sternberg cells of Hodgkin’s lymphoma. In
other cases, the cells resemble metastatic carcinoma,
especially in cases with only partial effacement, where
the malignant cells may be confined to the lymph
node sinuses.

Immunophenotype: The large cells will be strongly
positive for CD30 and recent studies have indicated
the vast majority of cases will express clusterin.87,88

Most cases will also express cytotoxic proteins such as
granzyme B or TIA1. The expression of other T-cell
antigens is quite variable, although most cases will
express at least one T-cell antigen. In some cases, no
detectable T-cell antigens will be identified, leading to
the designation “null cell.” The T-cell origin of these
latter cases is only revealed by the presence of mono-
clonal T-cell receptor rearrangements. In the majority
of cases, ALK protein can be detected by immunohis-
tochemistry as a result of a balanced translocation
involving the ALK gene at 2p23 (Figure 52.17) The
ALK-positive cases are also typically positive for EMA.

Molecular genetics: In approximately 60–80% of cases
overall, and in an even greater percentage of cases aris-
ing in childhood, a balanced translocation is present
involving the ALK gene at 2p23.85,89 In roughly 75% of
such cases, the translocation is t(2;5)(p23;q35) involv-
ing ALK and NPM. In the remaining 25% of transloca-
tions, one of a large number of other translocation
partner genes is involved instead of NPM, such as
TPM3 (1q25), TFG (3q35), ATIC (2q25), or CLTC
(17q23). Other translocation partner genes have also
been described.

Translocations involving the ALK gene generally
lead to aberrant expression of the ALK protein, which
can be detected by immunohistochemistry. ALK
translocations are best detected at the molecular level
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Figure 52.16 Anaplastic large cell lymphoma. Sheets of
large, pleomorphic cells are present. The inset shows a
characteristic “hallmark cell” with a band-shaped nucleus
and central, punctate eosinophilic cytoplasm

Figure 52.17 Anaplastic large cell lymphoma.
Immunostains of the case shown in Figure 52.16 demon-
strate the large cells to be positive for CD30 (left panel) and
ALK (right panel)



FISH probes, which are capable of detecting rearrange-
ment of the ALK gene, regardless of the partner gene
present.90

ANGIOIMMUNOBLASTIC T-CELL LYMPHOMA 
General: Angioimmunoblastic T-cell lymphoma (AITL)
accounts for 1–2% of NHL.91 Initially thought to repre-
sent an abnormal immune reaction, molecular studies
have demonstrated this process to represent a clonal
malignancy.92 Patients typically present at high stage
with adenopathy, hepatosplenomegaly, and, often,
bone marrow involvement. Systemic symptoms such
as fever and pruritis are common. Laboratory abnor-
malities such as circulating immune complexes and
hemolytic anemia are also seen.

Pathology: Lymph nodes involved by AITL show
architectural effacement by a proliferation of small- to
intermediate-sized lymphocytes with pale to clear
cytoplasm and variable numbers of large transformed
cells.92 Regressively transformed germinal centers are
often present and there is a characteristic proliferation
of arborizing vessels (Figure 52.18). Increased num-
bers of follicular dendritic cells are characteristic of
AITL, often associated with the vascular proliferation. 

Immunophenotype: The malignant cells are typically
CD4�, and recent studies have shown most cases of
AITL to coexpress CD10.93,94 Expression of other T-cell
antigens is variable. Most cases also display scattered
large, EBV-positive B-cells that may give rise to sec-
ondary B-cell lymphomas in a subset of patients.

Molecular genetics: Clonal T-cell rearrangements are
detectable by PCR or Southern blot studies in at least
75% of cases. Clonal B-cell populations may also be
detected in some cases, likely corresponding to accom-
panying EBV-positive B-cells.91 Recurring cytogenetic
abnormalities include trisomy 3, trisomy 5, and gains

of the X chromosome, although none of these repre-
sent specific findings.95

ENTEROPATHY-TYPE T-CELL LYMPHOMA
General: Enteropathy-type T-cell lymphoma (ETL) is a
neoplasm of intraepithelial lymphocytes that is often
associated with celiac disease. While in some cases
there is a history of celiac disease since childhood, in
most cases of ETL, celiac disease is diagnosed either
concurrently with or shortly before diagnosis of the
lymphoma.96 Prior to diagnosis of an overt lymphoma,
some patients will experience a period of refractory celiac
disease and/or intestinal ulcers (ulcerative jejunitis).
Establishing a diagnosis from small endoscopic mucosal
biopsies can be very difficult, and excision of a full-thick-
ness intestinal biopsy specimen may be required for a
definitive diagnosis.

Pathology: One or more ulcerating mass lesions are
present in the jejunum or ileum. Occasionally, other
parts of the GI tract may also be involved.
Histologically, the tumor cells display a variable appear-
ance. In most cases, the infiltrate is composed of
medium-sized lymphocytes with round to irregular
nuclei, vesicular chromatin, and variable amounts of
cytoplasm.97 Small cell variants and cases with
markedly anaplastic features have also been described.
Areas of uninvolved intestinal mucosa often show fea-
tures of celiac disease (villous blunting, crypt hyper-
trophy, and increased numbers of intraepithelial lym-
phocytes).

Immunophenotype: The neoplastic cells in ETL typi-
cally demonstrate expression of CD3, CD7, CD103,
and cytotoxic proteins such as TIA1 or granzyme B.96,98

The tumor cells are usually negative for CD5, CD4, and
CD8, although in some cases a CD8 positive, CD56
positive phenotype is present.99

Molecular genetics: A monoclonal T-cell population
is present, and may be detected by PCR or Southern
blot studies. Biopsies of refractory sprue or ulcerative
jejunitis may contain monoclonal T-cell populations
with clonal rearrangements identical to the overt
lymphoma, suggesting these may represent precursor
lesions.100 PCR studies alone therefore are not suffi-
cient to distinguish between refractory sprue and
ETL. Interestingly, most patients display the HLA
DQA1*0501, DQB1*0201 genotype that is associated
with celiac disease.101

EXTRANODAL NK/T-CELL LYMPHOMA OF NASAL TYPE
General: Extranodal NK/T-cell lymphoma of nasal type
(or “NK/T-cell lymphoma”) is most prevalent in Asia,
Mexico, and South America, but occurs in other ethnic
groups as well.102,103 The term “NK/T-cell” reflects the
finding that while the majority of cases appear to rep-
resent neoplasms of NK cells, a subset are thought to
be of T-cell type. In some cases, it may not be possible
to distinguish with certainty whether the neoplastic
cells represent T-cells or NK-cells. Most commonly, this
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Figure 52.18 Angioimmunoblastic T-cell Lymphoma. The
lymph node is effaced by a diffuse proliferation of intermedi-
ate to large lymphocytes with pale cytoplasm. There is an
accompanying vascular proliferation



lymphoma arises within the nasal cavity, but essen-
tially identical cases may occur at other extranodal
sites including skin, testis, soft tissue, and GI tract. 

Pathology: The morphologic findings in NK/T-cell
lymphoma are somewhat variable. In most cases, a dif-
fuse proliferation of small- to intermediate-sized lym-
phoid cells are present, but some cases display numer-
ous large, even anaplastic, lymphoid cells.102–104 A
characteristic feature of this neoplasm is that the pro-
liferation often centers around and infiltrates vessel
walls. There is often associated vascular destruction
and extensive necrosis, which in some cases can
obscure the malignant infiltrate. 

Immunophenotype: The malignant cells in NK/T-cell
lymphoma typically display a CD2�, CD56�, surface
CD3�, and cytoplasmic CD3�� phenotype. There is
consistent expression of cytotoxic proteins such as
granzyme B and TIA1.102,105 Nearly all cases are EBV-
positive, especially those arising in the nasal cavity,
and in Asian patients. The association with EBV may
be somewhat less strong in Western populations and
in cases arising at nonnasal sites.105–107

Molecular genetics: Most cases represent malignan-
cies of true NK cells and so lack clonal rearrangements
of the T-cell receptor genes. In a subset of cases, how-
ever, clonal rearrangements may be detected, consis-
tent with a true T-cell origin. In EBV positive cases,
clonality of the episomal EBV DNA can also usually be
demonstrated. The most frequent cytogenetic abnor-
mality is del(6q), although this abnormality is also
found in many other forms of lymphoma. There is cur-
rently little information available regarding other pos-
sible recurrent cytogenetic abnormalities.108

HEPATOSPLENIC T-CELL LYMPHOMA
General: Hepatosplenic T-cell lymphoma (HSTL) is a
rare systemic lymphoma that generally presents with
involvement of the liver, spleen, and bone marrow.109

Initially described as a lymphoma of ��-type T-cells, it
is now known that some otherwise identical cases con-
sist of �� T-cells. Importantly, it should be realized that
other types of T-cell lymphoma may consist of ��-type
T-cells and such cases should not be categorized as
HSTL solely because of the type of T-cell receptor
expressed.

Pathology: There is typically splenomegaly, and his-
tologic sections of the spleen display prominent red
pulp infiltration by a proliferation of intermediate-
sized lymphoid cells. The white pulp is characteristi-
cally uninvolved.109,110 Similarly, the liver displays a
striking infiltrate of the hepatic sinusoids by similar
appearing cells, with sparing of the portal tracts. The
bone marrow is also usually involved, and displays
clusters of intermediate-sized lymphoid cells within
the sinusoids.110,111

Immunophenotype: Typical cases display an imma-
ture cytotoxic T-cell phenotype with expression of
TIA1, but not perforin or granzyme B. Most cases are

positive for CD2 and CD3, but are negative for CD4,
CD5, and CD8.109,110 Expression of other T-cell associ-
ated antigens is variable. Most cases express the ��

~
T-

cell receptor, although occasional �� T-cell receptor
positive cases are well described.109,112 Many cases
show co-expression of CD56. There is no association
with EBV.

Molecular genetics: Many cases appear to be associ-
ated with a recurrent cytogenetic abnormality,
isochromosome 7q.109,110 The exact incidence of i(7q)
in HSTL has not yet been clarified, although it is clear
that not all cases contain this abnormality. Monoclonal
T-cell receptor rearrangements may be detected by PCR
or Southern blot studies.

MYCOSIS FUNGOIDES/SÉZARY SYNDROME
General: Mycosis fungoides (MF) is defined as a pri-
mary cutaneous T-cell lymphoma that clinically pre-
sents with patches and plaques and histologically
displays an epidermotropic infiltrate of small- to
intermediate-sized cells with atypical, cerebriform
nuclei.113 Although some have used the term “cuta-
neous T-cell lymphoma (CTCL)” synonymously with
MF, this practice is to be strongly discouraged because
many other types of T-cell lymphoma may also pre-
sent with primary cutaneous disease. Within the
spectrum of MF is a clinical variant condition desig-
nated “granulomatous slack skin” characterized by
folds of atrophic skin, usually within the axilla or
groin. Sezary syndrome is also regarded as a variant of
MF and is characterized by peripheral blood involve-
ment by malignant T-cells with cerebriform nuclei,
usually associated with adenopathy and erythro-
derma.

Pathology: The skin lesions of MF are histologically
characterized by an epidermal infiltrate of small- to
intermediate-sized cells with irregular, cerebriform
nuclei. The presence of such cells in small clusters,
known as “Pautrier’s microabscesses,” is very charac-
teristic of the disease, but in most cases the epidermal
infiltrate is present predominantly as scattered, single
atypical cells.114 The dermal component may be vari-
able, ranging from a sparse, often band-like, infiltrate
in earlier lesions to an extensive collection of malig-
nant cells filling the dermis in advanced stages
(Figures 52.19 and 52.20). In a variant form of MF,
known as “pagetoid reticulosis,” the dermal compo-
nent is characteristically absent. Some cases of MF are
associated with follicular mucinosis, a condition of
mucinous changes within a hair follicle accompanied
by an infiltrate of malignant cells within the follicular
epithelium. The variant known as granulomatous
slack skin typically shows a granulomatous infiltrate
within the infiltrate, where the admixed lymphocytes
include a population of cerebriform cells, similar to
those seen in typical MF. In Sezary syndrome, cerebri-
form malignant cells are present within the peripheral
blood.
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In more advanced disease, there is frequently
involvement of lymph nodes, and several schemes
have been proposed to grade the extent of nodal
involvement. The WHO classification recommends a
modification of earlier criteria 113,115,116 to divide cases
into three grades of lymph node involvement. In grade
I cases, there is no definitive morphologic evidence of
nodal involvement. Such cases may show dermato-
pathic lymphadenopathy and scattered cerebriform
cells, but clusters of atypical cells are not present. In
grade II cases, clusters of atypical, cerebriform cells
focally efface the lymph node architecture. Lastly,
grade III cases demonstrate complete effacement of the
nodal architecture by a diffuse infiltrate of malignant
cells. Importantly, this scheme is intended to quanti-
tate lymph node involvement with a previous diagno-
sis of MF, and should not be definitively applied to
patients without prior, biopsy-proven MF. 

Immunophenotype: Typically, the malignant cells of
MF are positive for T-cell antigens including CD3,
CD2, CD5, and, usually, CD4. Occasional cases may
lack CD4 and express CD8, especially in the variant
form known as pagetoid reticulosis. Most cases display
aberrant loss of the CD7 antigen. The finding of CD7
loss must be interpreted with caution, however, as
some inflammatory dermatoses also contain signifi-
cant populations of CD7– T-cells. 

Molecular genetics: T-cell receptor gene rearrange-
ments are generally detectable by PCR and/or
Southern blot studies. Information regarding the
cytogenetic findings in MF is limited by the difficul-
ties of successful karyotypic analysis of small skin
biopsies. Analysis of peripheral blood lymphocytes
in patients with Sezary syndrome generally display
complex karyotypes,117 but specific recurrent abnor-
malities have not been identified. Recent compara-
tive genomic hybridization studies have suggested
losses of chromosomes 1p and 17p may be com-
mon.118

PRIMARY CUTANEOUS CD30-POSITIVE
LYMPHOPROLIFERATIVE DISORDERS 
General: The category of primary cutaneous CD30�

lymphoproliferative disorders includes a spectrum of
cases that range from primary cutaneous anaplastic
large cell lymphomas (C-ALCL) at one end to cases of
lymphomatoid papulosis (LYP) at the other.119,120

Cases designated as C-ALCL are clinically character-
ized by single or localized skin lesions and are histo-
logically composed of sheets of large, atypical CD30
positive lymphocytes. There may be partial or com-
plete spontaneous regression, but frequent cutaneous
relapses generally occur. In contrast, cases designated
as LYP present clinically as multiple papules that
display spontaneous regression and histologically
contain an inflammatory infiltrate with varying
numbers of atypical CD30 positive lymphocytes. The
clinical course is benign, but chronic, often lasting
over many years. Lastly, some cases are designated as
“borderline lesions” because there is a discrepancy
between the clinical and histologic findings (e.g., a
clinical appearance most consistent with LYP, but
histology displaying sheets of CD30� cells, sugges-
tive of C-ALCL). In the absence of complete clinical
information, many pathologists prefer to designate
these disorders simply as “CD30� lymphoprolifera-
tive disorder.”

Pathology: In C-ALCL, there is a diffuse dermal infil-
trate of intermediate to large lymphoid cells that
resemble those found in cases of systemic ALCL.119,121

In some cases, multinucleate or binucleate cells are
present, creating a differential diagnosis that includes
Hodgkin’s lymphoma. Any accompanying inflamma-
tory infiltrate is usually quite mild.

The histologic findings in LYP are quite vari-
able.119,120 The most frequent pattern, which has been
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Figure 52.19 Mycosis fungoides. At low power, a band-
like lymphocytic infiltrate is seen in the upper dermis

Figure 52.20 Mycosis fungoides. At high power, collec-
tions of atypical lymphocytes are identified in the epidermis



designated type A LYP, consists of a wedge-shaped der-
mal infiltrate composed of varying numbers of large,
atypical lymphoid cells admixed with neutrophils,
eosinophils, histiocytes, and small lymphocytes. Much
less commonly (�10% of LYP), the histologic findings
may resemble those of mycosis fungoides (so-called type
B LYP). In these latter cases, an infiltrate of cerebriform
small lymphocytes is present. Some individuals may dis-
play a mixture of both Type A and Type B lesions.

Immunophenotype: In both C-ALCL and LYP, the
neoplastic cells are CD30� and display variable loss of
associated T-cell antigens. Most cases are CD4�,
although occasional CD8� cases may also occur. The
majority of cases will also express cytotoxic proteins,
such as TIA1 and granzyme B. Expression of ALK pro-
tein, if it occurs at all in these disorders, is rare. The
finding of ALK expression therefore strongly suggests
secondary cutaneous involvement by a systemic ALCL
rather than primary cutaneous disease.

Molecular genetics: Clonally rearranged T-cell recep-
tors may be identified in the majority of cases of both
C-ALCL and LYP. Genotypic studies therefore do not
assist in differentiating between C-ALCL and LYP. In
some patients, different T-cell receptor clones may be
identified in different lesions of LYP.122 In other LYP
patients, however, the same T-cell receptor clone can be
identified in multiple lesions over time. For example, in
one report, single-cell analysis identified the same T-cell
receptor clone in different biopsies taken over 4 years
apart.123 There is currently little data available regarding
cytogenetic abnormalities within C-ALCL and LYP.

SUBCUTANEOUS PANNICULITIS-LIKE T-CELL
LYMPHOMA
General: Subcutaneous panniculitis-like T-cell lymphoma
(SPTCL) is an uncommon form of lymphoma (�1% of all
NHLs) composed of cytotoxic T-lymphocytes.124–126

Patients typically present with multiple subcutaneous
nodules, most commonly on the extremities and trunk.
Frequently, SPTCL may be accompanied by a hemo-
phagocytic syndrome with associated fevers, cytopenias
and hepatosplenomegaly.125 This area is undergoing
change in definitions depending on whether the tumor
cells express ��-type or ��-type T-cell receptor.

Morphology: There is typically a diffuse infiltrate of
small- to intermediate-sized lymphocytes throughout
the subcutaneous tissues, often without sparing of the
lobular septae.125,126 The infiltrate may extend into the
dermis as well, although the dermal component is usu-
ally relatively minor (particularly in the ��-type).
Areas of vascular invasion may be present, and there is

frequent necrosis (particularly in the ��-type).
Characteristically, the malignant cells tightly ring indi-
vidual adipocytes. There may be accompanying histio-
cytes, especially in areas of fat necrosis.

Immunophenotype: The malignant cells express cyto-
toxic molecules including TIA1, granzyme B and per-
forin. Most cases are CD8� and express the �� T-cell
receptor.124,125 Approximately 25% of cases, however,
express the �� T-cell receptor. Many of these latter
cases lack expression of both CD4 and CD8 and are
positive for CD56. There is no association with EBV. It
is these ��-type lymphomas that appear to have an
aggressive clinical course. The ��-type appears to have
an indolent course and is currently the only type
accepted as SPTCL in the recently published WHO-
EORTC classification of cutaneous lymphomas.127 The
��-type is now classified as a provisional entity (pri-
mary cutaneous ��-T-cell lymphoma.

Molecular genetics: Rearrangements of the T-cell
receptor are usually detectable by PCR and/or
Southern blot studies. EBV is absent. Currently, no
characteristic cytogenetic abnormalities have been
identified.

BLASTIC NK-CELL LYMPHOMA 
General: Blastic NK-cell lymphoma is a rare neoplasm
characterized by a blastoid morphology and tendency
to involve the skin and peripheral blood. There may
also be systemic nodal involvement.126,128 The cell of
origin and most appropriate nomenclature for this
neoplasm have been subjects of controversy, and this
malignancy is incompletely characterized at present.
This neoplasm is classified as a natural killer lym-
phoma in the WHO system, due largely to the charac-
teristic expression of CD56. More recently, however,
studies have suggested this neoplasm is derived from
DC2 cells, a type of dendritic cells.129–131

Pathology: In cutaneous blastic NK-cell lymphoma,
there is typically a diffuse infiltrate of intermediate-
sized cells with dispersed chromatin. In many cases,
the tumor cells infiltrate the dermis in a single-file pat-
tern.126,128

Immunophenotype: The neoplastic cells are character-
istically positive for CD56, CD4, and CD123. Some
cases may be at least partially positive for CD34, TdT,
and/or CD68.126,128 Other T-cell associated antigens are
typically negative. There is no association with EBV.

Molecular genetics: The T-cell receptor genes are in
the germline configuration. Characteristic, recurrent
cytogenetic abnormalities have not been identified to
date.
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CLASSIFICATION AND PROGNOSIS

The follicular lymphomas are the second most com-
mon subtype of indolent non-Hodgkin’s lymphoma
(NHL), representing about 25–30% of NHL. In the
working formulation, these tumors were subclassified
into follicular small cleaved cell, follicular mixed small
and large cell, and follicular large cell, based on the
number of larger cells per high-powered field.1 In the
more recent Revised European American Lymphoma2

and the subsequent, universally adopted World
Health Organization (WHO) classifications,3,4 the
nomenclature became grade I, grade II, and grade III,
respectively. Grade III has been further subdivided
into grade III A or grade III B, reflecting the presence
of centroblasts (III A) or sheets of centroblasts (III B).
A clinically meaningful difference in outcome
between grade I and II has not been uniformly
demonstrable.5–8

The conduct of clinical trials has been facilitated by
the availability of prognostic scoring systems9,10 and
standardized response criteria.11 The International
Prognostic Index, originally developed for diffuse large
B-cell lymphoma,9 can distinguish risk groups in patients
with follicular lymphoma as well.12,13 However, better
separation among the prognostic subsets may be
afforded by the new Follicular Lymphoma International
Prognostic Index10 that uses stage, age, number of
involved nodal sites, lactate dehydrogenase (LDH), and
hemoglobin to identify low- (0–1 adverse factor), inter-
mediate- (2 factors), or high-risk (�3 factors) patients.

THERAPY

LIMITED-STAGE DISEASE
Only about 10–15% of patients present with limited-
stage (stage I and nonbulky stage II) disease. For these
patients, radiation therapy may result in prolonged
disease-free survival. Whether or not they are cured is
controversial, since relapses occur even after 10–20
years.14 Prolonged progression-free survival without

therapy in some series suggests that watchful waiting
may be an appropriate option.15

ADVANCED-STAGE DISEASE
Patients with advanced follicular NHL are character-
ized by an indolent clinical course with a median
survival of 6–10 years.16,17 Nevertheless, early inter-
vention with treatment in patients with asympto-
matic, nonbulky disease has not been associated
with a prolongation of survival.18,19 As a result, a
watch-and-wait approach has been routinely recom-
mended until treatment is clinically indicated on the
basis of disease-related symptoms, massive or pro-
gressive lymphadenopathy or hepatosplenomegaly,
potential organ compromise, or bone marrow
involvement resulting in peripheral blood cytopenias.

Standard chemotherapy
When treatment is indicated, no particular chemother-
apy regimen has clearly prolonged the survival of
patients with advanced-stage follicular NHL com-
pared with another. Extensive experience with single
alkylating agents alone or combined with vincristine
and prednisone [e.g., cyclophosphamide, vincristine,
and prednisone (CVP)], or CVP with adriamycin
[cyclophosphamide, hydroxydaunomycin (doxoru-
bicin), Oncovin (vincristine), and prednisone
(CHOP)] failed to demonstrate a major difference in
outcome.17,20 Thus, until recently, a single alkylat-
ing agent or CVP was the standard. The use of
CHOP is often reserved for patients for whom there
is a concern of histologic conversion, or at the time
of such conversion. Single-agent fludarabine is an
active agent in previously treated and untreated
patients,21–26 and fludarabine-based combinations
with cyclophosphamide or mitoxantrone demon-
strated high response rates in phase II trials.27,28 The
regimen of fludarabine plus mitoxantrone has been
reported to induce a higher complete response rate
than that of CHOP, and with more molecular remis-
sions, but with a similar overall response rate and
time to progression.29
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Interferon therapy
Interferon (IFN) has modest single-agent activity in
the treatment of patients with low-grade NHL,30–32

leading to a series of phase III trials. IFN was approved
by the Food and Drug Administration (FDA) for “low-
grade” NHL in combination with aggressive chemother-
apy largely based on a study from the Groupe d’Etude
Lymphomes Folliculaire,33 including 242 evaluable
patients with follicular NHL and a high tumor burden.
They were treated with doxorubicin, cyclophos-
phamide, teniposide, and prednisone for a year either
alone or with concurrent IFN, which was continued
out to 18 months. There was an advantage in response
rate for the combined modality arm (85% vs 69%). At
a median of 6-year follow-up, the progression-free sur-
vival was 2.9 years and 1.5 years, and the overall sur-
vival was not reached versus 5.6 years for the IFN-
containing arm and the chemotherapy-alone arm,
respectively.34

However, at least 10 randomized trials have evalu-
ated the role of IFN either during induction,35 as a
maintenance,36–39 or in both settings33,40–43 with
remarkably inconsistent results.

Rohatiner and colleagues44 conducted a meta-
analysis of these trials. In the five studies in which
chemotherapy was considered to be “less intensive,”
defined as not including an anthracycline or
anthracene agent,38,40–43 there was no evidence of any
benefit from IFN. In the five trials of “more intensive”
treatment,34–37,39 there was no improvement in the
response rate when IFN was added to chemotherapy,
but there was an overall prolongation of time to dis-
ease progression and survival, limited to patients with
either a complete or partial response to their induction
regimen. The conclusion was that IFN played a role in
responsive patients who were receiving more intensive
chemotherapy.

Nevertheless, given the disparate results of the vari-
ous trials, the toxicity of this agent, and the availabil-
ity of effective monoclonal antibodies, there is no clear
role for IFN in the current management of follicular
lymphoma.

Monoclonal antibody therapy
An increasing number of monoclonal antibodies are
either commercially available or available in clinical
trials for follicular NHL (Table 53.1).

Single-agent rituximab therapy The treatment para-
digm for the approach to indolent B-cell malignancies
has been revolutionized by the availability of active
monoclonal antibodies and related agents. Rituximab
has become an integral component of the therapy of
most patients with follicular NHL. The original studies
of this chimeric anti-CD20 monoclonal antibody were
conducted in patients with relapsed and refractory fol-
licular and low-grade NHL. In the pivotal trial includ-
ing 166 patients treated with a dose of 375 mg/m2

weekly for 4 weeks,45 responses were induced in 48%
of patients, including 6% complete remissions, with
an about 13-month duration of response. This anti-
body has been widely adopted because of its activity
and favorable toxicity profile. Most adverse reactions
occur during the infusion and consist primarily 
of fevers, chills, with occasional hypotension.
Premedication includes acetaminophen and diphenhy-
dramine. Demerol may be indicated for rigors.
Hydrocortisone may also help ameliorate these toxici-
ties. Delayed myelosuppression, especially neutrope-
nia, has been observed, although the etiology of this
phenomenon is unclear.

Attempts to improve on the activity of rituximab
have included increasing the dose, dose density, or
number of infusions, using it earlier in the course of
the disease, combining it with chemotherapy or
other biologics, maintenance therapy, and identify-
ing patients more likely to experience a response.
Administration of eight weekly infusions instead of
the standard four neither increased the response rate
nor clearly prolonged the time to progression.46 In
chronic lymphocytic leukemia, administration of
higher doses or schedules involving three doses per
week was not clearly associated with meaningful clini-
cal benefit.47,48 Pursuing such an approach is, there-
fore, not warranted in follicular NHL. 

The activity of rituximab correlates with the extent
of prior treatment. When rituximab is used as initial
therapy, response rates have been greater than 70%
compared with the 50–58% in relapsed/refractory
patients49,50; however, the duration of response has
been disappointing. 

Rituximab and chemotherapy combinations The large
number of studies that have been conducted with
rituximab in combination with chemotherapy sug-
gest that results with the combination are superior
to what would be expected with either chemother-
apy or rituximab alone. These observations support
the in vitro studies suggesting that monoclonal anti-
bodies such as rituximab can sensitize lymphoma
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Table 53.1 Unconjugated monoclonal antibodies for
follicular NHL

Rituximab CD20 Commercial
Alemtuzumab HLA-DR Commercial
Galiximab (IDEC-114) CD80 Phase II
Humanized anti-CD20 CD20 Phase I/II
Bevacizumab (Avastin) VEG-F Commercial*
Anti-CD40 CD40 Phase I
Anti-TRAIL Trail 1,2 Phase I
Epratuzumab CD52 ?
Apolizumab (Hu1D10) CD22 ?

Antibody Target Status

“*”, for colorectal cancer; “?”, future uncertain.



cells to the effects of subsequent chemotherapy.51,52

Czuczman et al.53 were the first to report a com-
bined modality experience with 38 patients, 31 of
whom were previously untreated, who received
CHOP plus rituximab. The overall response rate was
100% with 58% complete remissions and a median
time to progression of 8.3 years.54 However, compa-
rable response rates can be achieved with a variety of
other chemotherapy-rituximab regimens (Table
53.2).55–63 Any differences in complete or overall
response rates among the various regimens may be
explained by a number of factors including patient
selection or the point in time when response is
assessed, as maximal responses may occur several
months following therapy. Nevertheless, the relative
duration of responses among these various regimens
has not been compared.

Recent randomized trials have shown superiority
for rituximab-containing regimens over chemother-
apy alone. However, the optimal approach to such
combinations is unknown. In some of these studies,
the antibody has been combined with the
chemotherapy. The German Low Grade Lymphoma
Study Group conducted a randomized study of 394
patients who were allocated to either CHOP or ritux-
imab plus CHOP (R-CHOP), with a secondary ran-
domization to a variety of postremission therapies
including INF or stem cell transplantation (SCT).55

There was no advantage from rituximab in overall
response rate (97% vs 93%), but the combination was
associated with a longer event-free survival and a
trend toward a longer overall survival. The variety of
postremission therapies makes these data difficult to
interpret. Marcus and coworkers56 randomized 322
patients with either intermediate- or poor-risk follicular
NHL to either CVP alone or with rituximab (CVP-R).
The dose of drugs was lower than usually used at only
750 mg/m2 with prednisolone 40 mg/m2. The overall
response rates and complete response rates were sig-
nificantly higher with CVP-R at 81 and 40% versus 57
and 10% for CVP alone. The median time to treat-
ment failure with CVP-R was 27 months compared
with 7 months for CVP at a median follow-up of 18

months. In addition, the median time to progression
was not reached for CVP-R compared with 113
months for CVP alone. 

Maintenance therapy with rituximab Maintenance rit-
uximab therapy has also been evaluated in an attempt
at prolonging the time to disease progression and, pos-
sibly, survival.50,64,65 In several trials, rituximab has
been used as a single-agent for induction followed by
the same agent as maintenance. Hainsworth et al.50

treated 62 patients with follicular and low-grade NHL,
using four weekly doses of rituximab followed by four
additional doses every 6 months for 2 years. The time
to progression of 32 months was longer than expected.
In a randomized trial, Ghielmini et al.64 reported pre-
viously treated (n 
 128) and previously untreated
patients (n 
 57) who received four weekly doses of rit-
uximab followed by a randomization to no further
therapy or to maintenance consisting of a single infu-
sion of rituximab every 2 months for a total of 8
months. At a median follow-up of 35 months, the
median event-free survival was 23 months for the pro-
longed treatment group compared with 12 months in
those allocated to no further treatment. This advan-
tage was greatest in the chemotherapy-naïve patients.

About 40% of patients who have experienced an
initial response to rituximab lasting at least six
months respond a second time with a duration at
least as long as the initial response.66 Thus, whether
maintenance is associated with an outcome that is
superior to retreatment is an important question.
Hainsworth et al.67 conducted a study in which
patients who were treated with an initial 4 weeks of
rituximab were then randomized to maintenance
therapy as previously published50 or retreatment
upon recurrence; although response rates and time to
progression favored the maintenance arm, the time
to which another treatment other than rituximab was
required was similar (31 months vs 27 months). The
ongoing Eastern Cooperative Oncology Group
(ECOG) “RESORT” trial is comparing treatment until
relapse with retreatment at the time of recurrence.
Therefore, at the present time, the preferable
approach is not clear.

Investigators from ECOG recently presented the
early results from a trial exploring the role of ritux-
imab maintenance following induction chemother-
apy.65 The initial study design had included a 
randomization during induction between CVP
(cyclophosphamide 1000 mg/m2 with prednisone
100 mg/m2 every 3 weeks for six to eight cycles, deter-
mined by the rapidity of the response) and fludara-
bine plus cyclophosphamide; however, the latter arm
was discontinued because of excessive toxicity.
Rituximab maintenance was started 4 weeks after the
completion of the chemotherapy, and four weekly
infusions were delivered every 6 months for 2 years.
After CVP, approximately 15% of patients attained a
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Table 53.2 Rituximab � chemotherapy regimens, for 
follicular NHL

Czuczman53 38 CHOP 100(63)
Hiddemann55 205 CHOP 97(20)
Marcus56 162 CVP 81(40)
Czuczman57 40 Flu 91(83)
Martinelli58 29 CLB 90(50)
Sacchi59 39 Flu/Cy 97(74)
Gregory60 41 FM 97(45)
Vitolo61 59 FND 95(90)
Zinzani62 47 FN 87(59)
Rummel63 35 Bendamustine 97(71)

Author Patients Other drug(s) RR (CR)%



CR with an overall response rate of 79%. Rituximab
improved the response rate in 22% of patients, while
an improvement in response was noted in 8% of
patients receiving no further therapy. Progression-
free survival was 4.5 for the maintenance arm versus
1.5 years for observation at a median follow-up of
only 1.2 years, with a trend in favor of the mainte-
nance arm in overall survival ( p = .06). Van Oers et al.
randomized 461 patients with relapsed or refractory
follicular lymphoma to CHOP or R-CHOP with a sec-
ondary randomization to rituximab maintenance or
observation. Maintenance was associated with a
longer time to progression with a suggestion of a sur-
vival advantage.67a

Patient selection for antibody therapy
In the future, the optimal treatment may be determined
by clinical and biological characteristics of individual
patients. Patient characteristics that appear to predict
those patients more likely to respond to rituximab ther-
apy include polymorphisms for FcRgammaIII, which
represents the binding site on natural killer cells for the
rituximab antibody,68 and DNA microarray signatures.69

Moreover, in large B-cell NHL the benefit of rituximab
appears to be limited to patients whose tumors overex-
press the bcl-2 gene.70 Whether these observations will
determine which patients will receive rituximab
remains to be seen.

Other monoclonal antibodies
A number of other unconjugated antibodies are being
evaluated in clinical trials for follicular NHL (Table 53.1). 

Alemtuzumab Alemtuzumab (Campath-1H) is a human-
ized anti-CD52 monoclonal antibody with activity in
chronic lymphocytic leukemia as well as T-cell lym-
phomas; however, its single-agent activity in indolent 
B-cell NHL has been disappointing.71,72

Epratuzumab Epratuzumab is a humanized IgG1 mon-
oclonal antibody directed against the CD22 antigen,
expressed on a variety of lymphomas. In a dose-escala-
tion study of epratuzumab in 55 patients with indolent
NHL, no dose-limiting toxicities were identified.73 The
overall response rate was 24% in those with follicular
histologies. In a subsequent trial, both epratuzumab
and rituximab were administered using an empiric
schedule with each weekly for 4 weeks. The response
rate and duration were disappointing, suggesting that
a inferior dose and schedule of this combination was
used.74

Anti-CD80 (Galiximab) CD80 is an immune costimu-
latory molecule present on the surface of NHL cells.
Galiximab (IDEC-114) is a macaque-human chimeric
anti-CD80 antibody with in vivo antilymphoma
properties. In phase I trials, the antibody was well

tolerated except for mild fatigue, nausea, and
headaches. Moreover, single-agent activity was
approximately 15%.75 Based on preclinical data sug-
gesting synergy, a phase I/II study of the combina-
tion of galiximab and rituximab was conducted, and
a response rate of 58.3% was reported.76 This combi-
nation has been evaluated as the initial therapy for
patients with follicular lymphoma in a Cancer and
Leukemia Group B phase II trial and results are
pending.

Apolizumab Apolizumab (Hu1D10, Remitogen) is a
humanized monoclonal antibody directed against a
polymorphic determinant of HLA-DR, found on both
normal B-cells and in about half of patients with lym-
phoid malignancies. Limited activity and excessive
toxicities have halted its development (U. Hegde, 
T. White, M. Stetler-Stevenson et al., unpublished
data, 2002).77,78

Humanized anti-CD20 Several humanized anti-CD20
monoclonal antibodies are in clinical trials.79 Potential
advantages are activation of different pathways enhanc-
ing cell kill, and a shorter infusion time. Whether there
will be any clinical benefit remains to be determined.

Radioimmunotherapy (RIT)
Two radioimmunoconjugates are currently commer-
cially available; Y-90 ibritumomab tiuxetan (Zevalin)
and I-131 tositumomab (Bexxar). The clinical trials
thus far conducted with radioimmunoconjugates
have demonstrated greater activity than their cold
antibody, and are useful in patients who have
relapsed after or who are refractory to rituximab. 

Y-90 ibritumomab tiuexetan Y-90 ibritumomab tiuxe-
tan has a murine rituximab conjugated to the iso-
tope.80 The Y-90 ibritumomab tiuxetan regimen takes
about 8 days to administer. On the first day, a dose of
cold rituximab at 250 mg/m2 is administered to bind
nontumor CD20 sites and to facilitate better biodis-
tribution. Because Y-90 is a beta emitter, it cannot be
used for imaging; thus, indium-111-labeled ibritu-
momab is substituted for biodistribution studies per-
formed at days 2–3, and if needed, 6–7 to ensure
appropriate localization of the isotope. On days 7–8,
another low dose of cold antibody is delivered fol-
lowed by 0.4 mCi/kg of Y-90 ibritumomab tiuxetan
(not to exceed 32 mCi) for patients with platelet
counts of at least 150,000/mm3. The dose is reduced
to 0.3 mCi in patients with a platelet count of
100–149,000/mm3.81

In the initial phase I/II trial,82 the overall response
rate in 32 patients with follicular/low-grade NHL
was 82%, including 26% complete remissions.
Response could be predicted by tumor grade, tumor
burden, whether or not the bone marrow was
involved with lymphoma, and the extent of that
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bone marrow involvement. The median time to pro-
gression was 12.9� months with a median response
duration of 11.7� months. The major toxicity was
myelosuppression, with median granulocyte and
platelet nadirs of 1100/mm3 and 49,500/mm3,
respectively. 

The additive benefit of the radioisotope is sup-
ported by the activity of radioimmunotherapy in rit-
uximab failures. Y-90 ibritumomab tiuxetan induces
responses in 74% of these patients with 15% com-
plete remissions.83 How radioimmunotherapy com-
pares with unconjugated antibody therapy has been
addressed in a randomized trial in which 143
patients, with relapsed CD20-positive NHL without
previous rituximab exposure, received either ritux-
imab or Y-90 ibritumomab tiuxetan.84 Whereas the
response rates were higher with Y-90 ibritumomab
tiuxetan (80%) than with rituximab (56%), there was
no difference between the arms in time to disease
progression. Responses to this agent may be quite
durable with 24% of responders having a time to pro-
gression longer than 3 years and some responses in
excess of 5 years.85

I-131 tositumomab I-131 tositumomab is a conjugate of
the murine anti-CD20 antibody tositumomab and I-
131. It is approved for use in patients with
relapsed/refractory follicular or transformed NHL. As
with Y-90 ibritumomab tiuxetan, treatment occurs over
about a week. Thyroid protection is required with I-131
tositumomab because of the radioactive iodine. I-131 is
a gamma emitter, and dosimetry is required to provide
patient-specific dosing. In a multicenter pivotal trial,86

65% of the 60 heavily pretreated patients with NHL
responded including 20% CR. The response rate in the
subset with follicular histologies was 81%. Response
rates and response duration were significantly higher
than from the last chemotherapy. The response rate has
been 63% with 29% complete responses in rituximab-
refractory patients. 

Newer approaches to radioimmunotherapy
A number of approaches are under investigation to
increase the activity of radioimmunotherapy. Multiple
dosing and retreatment are being studied in clinical
trials. Radioimmunotherapy is also being used earlier
in the course of the disease. I-131 tositumomab has
been administered to 76 previously untreated
patients, of which 97% responded, including 63%
complete remissions, and with almost 59% free of
progression at 5 years for all patients, and this end-
point was not yet reached for those who achieved a
CR.87 A similar study is under way with Y-90 ibritu-
momab tiuxetan. I-131 tositumomab can be safely
administered after CHOP chemotherapy, and it con-
verts some partial responses to complete responses.88

A randomized phase III of R-CHOP followed by I-131
tositumomab compared to R-CHOP is ongoing within

the Southwest Oncology Group and the Cancer and
Leukemia Group B. A variety of sequences of
chemotherapy and radioimmunotherapy are under
investigation.

RIT has also been used in the stem cell transplant
setting. Gopal and coworkers compared their results
with follicular lymphoma patients who received
high-dose I-131 tositumomab with those treated
using various high-dose chemotherapy regimens and
found better overall survival and progression-free
survival, with lower toxicity in the RIT-treated popu-
lation.89

Toxicities of radioimmunotherapy 
The major complications of radioimmunotherapy are
infusional reactions during the administration of the
cold antibody, especially the rituximab, and myelo-
suppression that occurs around 7–9 weeks after ther-
apy. Febrile neutropenia or infections that require hos-
pitalization are uncommon events. There is little in
the way of alopecia, nausea, vomiting, or mucositis.
Because of the radioactive iodine, I-131 tositumomab
therapy is associated with hypothyroidism in fewer
than 10% of patients.

As a result of the treatment associated with myelosup-
pression, exclusionary criteria for the use of radioim-
munotherapy include �25% bone marrow involvement,
a hypocellular bone marrow (�15% cellular), platelets
�100,00/mm3, neutrophils �1500/mm3, extensive prior
radiation therapy, and prior stem cell transplant, the lat-
ter because the safety in this setting is unknown, and
pregnancy or lactation. Thus, review of a bone marrow
biopsy is essential prior to radioimmunotherapy.

One of the major concerns with RIT is the potential
for the development of secondary acute myelogenous
leukemia or myelodysplastic syndrome. The reported
risk is about 1.5% with Y-90 ibritumomab tiuxetan,
and 6.3% with I-131 tositumomab. However, the
development of this secondary malignancy likely
relates to the type and extent of prior treatment, as
many patients have cytogenetic abnormalities sugges-
tive of myelodysplasia prior to receiving radioim-
munotherapy. In addition, there have been no cases of
myelodysplastic syndrome in patients receiving
radioimmunotherapy as their initial treatment.87

Moreover, based on reviews of the literature, the risk
may not be greater than expected from chemotherapy
alone.86,90,91

Whether these myelotoxic agents will compromise
the ability to safely deliver subsequent therapies has
been another area of concern. Preliminary reports with
both Y-90 ibritumomab tiuxetan and I-131 tositu-
momab suggest that patients can tolerate additional
therapies; however, response and toxicity data are not
yet available.92,93

Y-90 ibritumomab tiuxetan and I-131 tositumomab
appear to have comparable activity, and their relative
toxicity is being tested in a large phase III trial. Current
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research is directed at trying to combine or sequence
radioimmunotherapy with chemotherapy and other
biologicals.

NEW AGENTS

ANTISENSE OLIGONUCLEOTIDES
Antisense oligonucleotides are chemically modified
single-strand DNA molecules with a nucleotide
sequence that is complementary to the target mRNA
and, therefore, are capable of inhibiting expression
of the target gene. Bcl-2 upregulation is thought to
be responsible for maintaining the viability of
tumor cells, as well as inducing a form of multidrug
resistance. The bcl-2 gene is a rational target in fol-
licular NHL because it is overexpressed in most
tumors.

Oblimersen sodium (Genasense, Genta Incorporated,
Berkeley Heights, NJ) is a phosphorothioate oligonu-
cleotide consisting of 18 modified DNA bases (i.e.,
18-mer) that targets the first six codons of Bcl-2
mRNA to form a DNA/RNA duplex. This agent is the
first antisense molecule to be widely tested in the
clinic for the treatment of human tumors. 

In the single phase I study of oblimersen in 21
patients with NHL,94 one patient attained a complete
response, which lasted unmaintained for longer than
3 years. Combinations of oblimersen with fludarabine,
bortezomib, rituximab, and other agents are in devel-
opment.

VACCINES
Several vaccines are currently in clinical trials for fol-
licular NHL. Most of these are directed against the idio-
type of the hypervariable region of the immunoglobu-
lin light chain. Interest in this approach has been
stimulated by a number of nonrandomized studies,
such as one from Stanford in which 49% of patients
with follicular NHL reacted to their own idiotype con-
jugated to keyhole limpet hemocyanin (KLH) by
exhibiting a cellular and humoral immune response.
Those patients capable of mounting such a response
had a time to tumor progression of 7.9 years compared
to 1.3 years for those who could not.95 The results of
the three randomized trials will determine if there is
clinical benefit from this approach.

NEW CHEMOTHERAPY DRUGS
Bendamustine
Bendamustine is a bifunctional compound with both
an alkylating nitrogen mustard group and a purine-
like benzimidazole ring. It was first synthesized in
1963 in the German Democratic Republic and has
been used extensively in Germany since then.
Bendamustine has demonstrated activity in indolent
and aggressive NHL, Hodgkin’s lymphoma, chronic

lymphocytic leukemia, and multiple myeloma.96–99

In vitro and clinical data also support a beneficial
interaction with rituximab. In a study of 63 patients
with relapsed/refractory indolent NHL or mantle cell
lymphoma, the response rate to this combination
was 94% with 71% complete remissions.63 This com-
bination was extremely well tolerated. To better char-
acterize the activity of this agent and to provide
broader experience with the agent, it is now being
studied alone and in combination with rituximab in
phase II trials in the United States.

Bortezomib
Bortezomib (PS-341; Velcade) is a potent, reversible
inhibitor of the 26S proteasome, an enzyme important
in the intracellular degradation of proteins including
those involved in cell cycle regulation, transcription
factor activation, apoptosis, and cell trafficking. A pri-
mary target for this agent is nuclear factor kappa B (NF-
�B). Bortezomib is the first proteasome inhibitor to be
studied in the clinic, and has recently been approved
by the FDA for the treatment of relapsed/refractory
multiple myeloma.100 The rationale for a study in
NHL is that NF-�B is overexpressed in a number of
histologies. In reports from Goy et al.101 and O’Connor
et al.,102 responses were noted in patients with follicu-
lar NHL and, notably, mantle cell lymphoma. 

STEM CELL TRANSPLANTATION
The experience with SCT for low-grade NHL is lim-
ited because of the older age of the population, the
relatively long natural history of the disease, the ten-
dency for peripheral blood and bone marrow
involvement, and the fact that most patients have
already received extensive prior therapy at the time a
transplant is considered. Autologous SCT for low-
grade NHL has generally been disappointing with no
evidence of cure.103–106 However, in a recently pub-
lished study,107 patients who responded to three
cycles of salvage chemotherapy were randomized to
either three more cycles or high-dose therapy with
autologous stem cell support. Only 89 patients were
randomized; nevertheless, a benefit for transplanta-
tion was observed in both progression-free and over-
all survival, but with no plateau on the survival
curve.

Serious complications of autologous SCT for NHL
include up to a 20% actuarial risk of myelodysplastic
syndrome and acute myelogenous leukemia,108–111 and
the outcome of those patients is extremely poor. 

Allogeneic SCT has been used infrequently in follic-
ular NHL because of an excessive treatment-related
mortality.112,113 In an analysis of the 81 patients from
the International Bone Marrow Transplant Registry,112

transplanted at a median age of 41 years, 56% had
never achieved a complete remission and the projected
survival at 3 years was 46%, with 43% disease-free 
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survival. The median follow-up was only 23 months.
However, the transplant-related mortality was 44%.
Chemosensitivity prior to transplant was the strongest
predictor of outcome.

As a result, the long-term outcome of autologous
and allogeneic transplants have been comparable
because of the early mortality with allogeneic trans-
plants and the late relapses with autologous
SCT.114,115 More recently, benefit has been suggested
for submyeloablative SCT; however, longer follow-up
is required to better assess the impact of this ther-
apy.116–118

HISTOLOGIC TRANSFORMATION OF 
FOLLICULAR LYMPHOMA

Patients with a follicular lymphoma have a relatively
constant risk over time of transforming into a more
aggressive histology, most often a diffuse large B-cell
lymphoma.16,119,120 The frequency of this occurrence
varies among series from fewer than 20%16 to at least
30%.119 The difference among studies reflects a num-
ber of factors, including the duration of follow-up,
the definition of what is called “transformed lym-
phoma,” and the method of surveillance. In studies
in which patients had lymph nodes routinely
rebiopsied, the likelihood of identifying transforma-
tion is greater. Patients with histologic transforma-
tion are a clinically diverse group; some exhibit no
clinical effects at the time this diagnosis is identified
by a lymph node biopsy, whereas others present
with the recent onset of fever, sweat, weight 

loss, rapidly progressive lymphadenopathy and
splenomegaly, and a markedly elevated serum LDH.
The outcome of patients with histologic transforma-
tion is better in patients identified prior to the devel-
opment of these signs and symptoms.120 In general,
aggressive chemotherapy is recommended and, if a
complete remission is achieved, autologous SCT is a
potentially effective treatment option.121 Activity
has also been reported with radioimmunother-
apy.84,86

SUMMARY

After decades of clinical research using various combi-
nations of nonspecific cytotoxic drugs, there is now a
wealth of new approaches for patients with follicular
NHL. The availability of an expanding menu of novel
targeted agents provides great promise for therapeutic
advances. These include monoclonal antibodies such
as rituximab, radioimmunotherapeutics, anti-idiotype
vaccines, antisense oligonucleotides, and proteasome
inhibitors. Clearly, higher complete and overall response
rates are achieved with antibody–chemotherapy combi-
nations than with chemotherapy alone; however,
whether an eventual prolongation in survival will be
achieved remains to be demonstrated by longer fol-
low-up. As there is still no consensus as to the optimal
initial therapy, a clinical trial remains the preferred
option (Figure 53.1). The potential for cure will result
from the rational development of multiple targeted
agents with individualized treatment selection based
on specific molecular and biologic findings.
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Figure 53.1 Suggested paradigm for the management of patients with follicular NHL
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INTRODUCTION

Non-Hodgkin’s lymphoma (NHL) is the fifth most
common malignancy in the United States, with 53,400
new cases and 23,400 deaths in 2003.1 The overall inci-
dence of NHL rose by 80% over the past 3 decades, for
reasons that are not entirely clear.2,3 Diffuse large B-cell
lymphoma (DLBCL) is the most common histologic
subtype of NHL. It accounts for almost one-third of
cases and is considered the prototype for aggressive
lymphomas.

DLBCL is a chemosensitive disease. Approximately
half of the patients are cured with front-line anthracy-
cline-based chemotherapy. However, many others will
relapse after initial response and become candidates
for potentially curative transplantation strategies.
Patients with refractory disease, those who relapse fol-
lowing transplant and those who are not candidates
for transplantation, have no true curative options and
most will ultimately die of lymphoma. The factors
determining clinical outcome are increasingly com-
plex, and are discussed in detail below. 

INITIAL PRESENTATION

DLBCL may occur in all age groups, but the incidence
increases with age. The median age at presentation is
63 years, with a slight male preponderance.4 Children
with DLBCL comprise only 700–800 cases per year in
the United States, and tend to present with widespread
disease, high-grade disease, and frequent extranodal
involvement.5 Most adult patients with DLBCL also
present with symptoms. Symptoms may include a
rapidly enlarging lymph node, B symptoms (fevers,
night sweats, �10% loss of body weight) or other con-
stitutional symptoms, or paraneoplastic syndromes.
Approximately 30–40% of the patients have an extran-
odal site of involvement,3,4 and DLBCL can occur in
nearly every body site. Several sites merit their own

diagnostic categories in the WHO classification due to
unique clinical and/or pathologic features. These
include primary effusion lymphoma (PEL), intravascu-
lar DLBCL, and primary mediastinal lymphoma
(PMBL); PMBL is discussed later. PEL and intravascular
large B-cell lymphoma are extremely rare subtypes
with a uniformly poor prognosis.6 PEL typically occurs
in the setting of immunodeficiency and has been
clearly linked to human herpesvirus 8 (HHV-8) infec-
tion. No mass can be identified, and the malignant
cells instead accumulate in body cavities such as the
pleural, peritoneal, or pericardial spaces. Intravascular
diffuse large B-cell lymphoma is characterized by
widely disseminated circulating malignant cells that
frequently occlude small vessels. Diagnosis is often
delayed due to heterogeneous presentations, and the
pathologic features are often not appreciated until the
time of autopsy. 

DIAGNOSIS AND INITIAL EVALUATION

The diagnosis of DLBCL requires adequate tissue for
histologic, flow cytometric, and immunohistochemi-
cal studies. Histopathologic examination reveals a dif-
fuse growth pattern of medium- to large-sized cells that
replace the normal nodal architecture. Several morpho-
logic variants exist (centroblastic, immunoblastic, T-
cell/histiocyte rich, anaplastic)6 but do not currently
influence initial treatment strategies. The classic
immunophenotype of DLBCL is CD20�, CD22�,
CD19�, CD79a�, and with surface and cytoplasmic
immunoglobulin expression in the majority of cases.
Less commonly, CD5 or CD10 may be expressed,6

necessitating differentiation from other NHL subtypes.
Molecular studies such as immunoglobulin gene
rearrangement studies may be needed to confirm the
diagnosis in cases with weak or absent surface markers
or in cases with pleomorphic morphology. Other
immunohistochemical stains for markers such as Pax5
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and MUM1 can identify a B-cell process and a post-
germinal center process, respectively.7 Cytogenetics
may also be performed on lymph node or bone mar-
row biopsy samples. Three recurring chromosomal
abnormalities have been described: t(14;18) in 30% of
cases, 3q27 in 30–40% of cases, and t(8;14) in occa-
sional cases. However, cytogenetic analysis is cur-
rently used merely to support a diagnosis of DLBCL
and is not used to subclassify the disease or guide
treatment.

Once the diagnosis is established, the initial evalua-
tion consists of staging and clinical assessment. The
initial staging procedures should include imaging
(most commonly CT scan or MRI) of the chest,
abdomen, and pelvis, and a bone marrow aspirate and
core biopsy. In many centers, bilateral bone marrow
biopsies are preferred, but a single biopsy of good qual-
ity may be acceptable. An international collaboration
suggests that an aggregate bone marrow biopsy of at
least 2 cm is sufficient if only one side is sampled.8 A
test of cardiac function in anticipation of anthracy-
cline-based therapy is usually recommended as well.

Gallium scintigraphy (Ga-67) or positron emission
tomography (PET) with 18fluorine fluorodeoxyglucose
provide complementary information. Although nei-
ther of these tests is part of the standard response cri-
teria,8 they are commonly used to provide a baseline
and to aid in the evaluation of residual masses follow-
ing the end of treatment. Both are extremely sensitive
imaging tools that can be used as part of routine stag-
ing to evaluate response to treatment, to evaluate
residual masses following treatment, and to predict
risk of relapse after completion of treatment. Gallium
imaging has been used for many years, but, more
recently, PET scanning has received increasing interest
because of its convenience of use and its greater sensi-
tivity. Several groups have used PET to assess residual
masses in Hodgkin’s lymphoma and NHL following
treatment. It is now fairly well established that residual
PET positivity after completion of treatment correlates
with an increased risk for recurrence in aggressive lym-
phoma, and should at the very least lead to increased
surveillance for relapse.9,10 The optimal management
of patients who have residual PET positivity after com-
pletion of treatment is not determined. Other studies
suggest that PET positivity midway through treatment
is a strong predictor for treatment failure.11,12 Again,
the optimal management of such patients remains
undetermined.

In staging patients with newly diagnosed DLBCL,
an important question is when to obtain a lumbar
puncture and when to consider central nervous system
(CNS) prophylaxis. In contrast to high-grade lym-
phomas such as Burkitt’s or Burkitt-like subtypes, the
risk of CNS involvement for intermediate grade lym-
phomas appears to be low at approximately 1–2%.13,14

However, CNS relapse carries a grim prognosis and is
uniformly fatal with less than 25% of the patients sur-

viving the first year following diagnosis.14 The median
time to death following diagnosis is only 5 months.13

There are many reports linking clinical risk factors at
diagnosis to an increased risk of CNS relapse, including
blood and bone marrow involvement, testicular
involvement, bulky retroperitoneal disease, sinus
involvement, epidural involvement, and elevated lac-
tate dehydrogenase (LDH). Therefore, we have recom-
mended a lumbar puncture as part of the initial evalu-
ation in patients with any of these characteristics. 

PATHOLOGIC AND PROGNOSTIC FEATURES

Over the past several decades, DLBCL is increasingly
understood to be a heterogenous disease with widely
variable clinical outcomes. The Ann Arbor staging sys-
tem (Table 54.1) provides a measure of tumor burden,
and is an essential, though no longer sufficient, deter-
minant of prognosis and treatment. Approximately
40% of patients present with localized disease (stage I
and II) and the rest have disseminated disease at initial
presentation.15 In general, the prognosis of early-stage
patients is better than that of patients with advanced
disease. Still, the prognosis of individual patients is not
accurately predicted by the Ann Arbor stage alone. In
1993, an international task force developed a model,
called the International Prognostic Index (IPI), that
can be easily implemented for individual patients,
using readily available clinical, laboratory, and radi-
ographic features.15 This study analyzed over 2000
patients receiving anthracycline-based treatment for
clinical features potentially predictive of outcome and
identified five that retained independent prognostic
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Table 54.1 Ann Arbor (Cotswold revision) staging
system for malignant lymphomas

Stage I Involvement of a single lymph node region
or a lymph node structure of a single
extralymphatic site

Stage II Involvement of two or more lymph node
regions on the same side of the diaphragm
or localized contiguous involvement of an
extralymphatic site and lymph node organ

Stage III Involvement of lymph node regions on
both sides of the diaphragm

Stage IV Diffuse or disseminated involvement of one
or more extranodal organs or tissues, with
or without associated lymph node
involvement

Ann Arbor staging for malignant lymphomas

A: absence of B symptoms 
B: presence of B symptoms (fevers, night sweats, weight loss > 10%

of body weight)
E: extranodal disease or extension from known nodal site of disease
X: bulkv disease (� 1/3 widening of the mediastinum at T5-T6 or

maximum size of nodal mass � 10 cm)



significance. These include age �60 years, tumor stage,
B symptoms, serum LDH level, and the presence of
more than one extranodal site of involvement. The IPI
is essentially a scoring system in which these five clin-
ical features are tallied to categorize patients into one
of four prognostic groups that correlate with both
relapse-free survival (RFS) and overall survival (OS)
(Table 54.2). Moreover, patients with low-risk disease
consistently attain complete response more frequently
than the patients with higher risk disease. In addition
to providing prognostic guidance at an individual
patient level, the IPI provides a common language for
clinical trials to allow homogeneity when comparing
patient groups. For now, the IPI remains the most clin-
ically useful tool to predict prognosis.

Recent research highlights the clinical and molecu-
lar heterogeneity of this most common form of NHL
even further, via gene expression profiles and microar-
ray technology. Microarray analysis of gene expression
involves the simultaneous evaluation of thousands of
genes by hybridizing complementary DNA to the
mRNA in a cell of interest. In an elegant pilot study by
Alizadeh and colleagues,16 normal and malignant lym-
phoid cells were analyzed on a “lymphochip” microar-
ray that included nearly 18,000 genes of interest. These
genes were all of putative importance in normal B-cell
development and/or in the progression to neoplasia.
The authors identified two molecular signatures, ger-
minal center B cell like (GC) and activated B cell like
(ABC). They then applied the lymphochip to 40
patients with previously untreated DLBCL and com-
pared the genetic signature with the clinical outcome.
The OS for all patients at 5 years was 52%; however, the
OS for patients with the GC pattern of gene expression
was 76% as compared to only 16% for patients with the
ABC pattern (p � 0.01). Even more powerful is their
finding that patients within the low-risk IPI group
could be further separated, in terms of prognosis, by
the gene expression pattern. In summary, their data
suggest that DLBCL comprises at least two distinct dis-
eases differentiated by the expression pattern of hun-
dreds of genes. A larger multicenter study confirms
these findings, validates the significance of these two
molecular signatures, and identifies a probable third
signature (labeled “Type 3”) of genetic importance.17

Most recently, Lossos and colleagues evaluated 36
genes identified by microarray analysis that predicted

survival.18 Using quantitative real-time polymerase
chain reaction (RT-PCR) in 66 frozen patient samples,
they ranked the genes by their ability to predict sur-
vival and identified the six most powerful genes:
LMO2, BCL6, FN1, CCND2, SCYA3, and BCL2. They
then developed a prognostic model based on the
weighted expression of these six genes, which is poten-
tially a simpler approach to determine prognosis than
is the use of microarrays. It is likely that similar reports
will eventually allow further ability to predict survival
at an individual patient level using readily available
techniques such as immunohistochemistry or flow
cytometry. In addition to its potential clinical utility,
microarray technology also aids in the understanding
of lymphoma biology by identifying genes and genetic
pathways that determine growth rate, responsiveness
to therapy, or other important clinical parameters.

INITIAL THERAPY OF LOCALIZED DLBCL

Approximately 30–40% of DLBCL patients present with
stage I or II disease,15 often referred to as localized or lim-
ited-stage disease. Many localized cases involve extran-
odal sites with or without regional lymph node involve-
ment. Historically, early-stage DLBCL was treated with
irradiation alone. However, this led to unsatisfactory 5-
year progression-free survival (PFS) rates of approxi-
mately 50% for patients with stage I disease and 20% for
patients with stage II disease.19–21 A retrospective review
with greater than 10 years of follow-up by the British
National Lymphoma Investigation with subgroup analy-
sis shows that the elderly fared especially poorly with
radiation alone, underscoring the negative prognostic
connotation of advanced age and supporting the need
for systemic therapy even in clinically localized disease.22

The most common current strategy is to use com-
bined modality treatment with anthracycline-based
chemotherapy followed by radiotherapy. However, the
optimal number of chemotherapy cycles is unknown,
and several investigators have questioned whether or
not radiation therapy (RT) can be eliminated entirely.
There are now several phase III studies addressing this
issue. A Southwest Oncology Group (SWOG) trial23

randomized 401 patients with nonbulky stage I and II
diseases to cyclophosphamide, doxorubicin, vincristine,
prednisone (CHOP) � 8 versus CHOP � 3 plus RT; 75%
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Table 54.2 The International Prognostic Index

Adverse factor Risk group Number of factors present 5-year DFS (%) 5-year OS (%)

Age � 60 years Low 0–1 70 73

PS � 2 Low/Intermediate 2 50 51

LDH � Normal High/Intermediate 3 49 43 

Extranodal sites �2 High 4–5 40 26

Stage III–IV



of the patients in this series had DLBCL, and 37% had
primary extranodal disease. Initial results with a
median follow-up of 4.4 years showed that combined
modality therapy (CMT) was superior in terms of PFS
(77% vs 64%, p 
 0.03) and OS (82% vs 72%, p 
 0.02).
A recent update, however, shows that the PFS and OS
curves of the chemotherapy only arm and the com-
bined modality arm converge at 7–9 years.24

The authors also introduced the application of a
stage-modified IPI for early-stage DLBCL. This stage-
modified IPI included four components: age �60
years, stage II (as opposed to stage I), increased LDH,
and poor performance status. As in the IPI, a point was
assigned for the presence of each of these parameters.
They found that even apparently localized NHL has
widely variable outcomes, and that a stage modified
IPI provided important prognostic information. For
example, patients with 0–1 risk factor had a 5-year PFS
and OS of 77% and 82%, respectively, as compared to
only 34% and 45% for patients with more than two
risk factors. Using the stage modified IPI, the authors
conclude that limited CHOP (three cycles) plus
involved field radiation therapy is appropriate for
patients with stage I or nonbulky stage II disease, but
that patients with adverse risk factors may not benefit
from shortened chemotherapy plus radiation. 

Another phase III randomized study by the Eastern
Cooperative Oncology Group (ECOG) compared CHOP
times eight cycles with or without consolidative low-
dose radiation (30 Gy) for patients achieving complete
remission.25 All partial responders received 40 Gy to
residual masses. Nearly two-thirds of patients in this
series had stage II or IIE disease. Sixty-one percent of
eligible patients achieved a complete remission with
CHOP and were subsequently randomized. With a
median follow-up of 6 years, patients randomized to
radiation enjoyed an improved disease-free survival
(73% vs 56%, p 
 0.05), failure-free survival (75% vs
56%, p 
 0.06), and time to progression (80% vs 67%,
p 
 0.06). However, there was no difference in OS. 

The Groupe d’Etude des Lymphomes de l’Adulte
(GELA) also addressed the ability to eliminate RT
entirely in a group of elderly patients with minimal
risk factors.26 In this study, presented in abstract form,
455 eligible patients older than 60 years were random-
ized to CHOP times four cycles with or without 40-Gy
RT. All patients had good prognosis disease. In the pre-
liminary presentation of this trial, there is no differ-
ence in event-free survival (EFS) or OS with 49 months
median follow-up. Furthermore, in patients older than
69 years, radiotherapy actually increased toxicity. The
authors suggest that CHOP times four cycles may be
sufficient for this favorable subgroup. 

In summary, combined modality therapy with lim-
ited cycles of anthracycline-based chemotherapy has
been the accepted standard treatment for patients with
limited-stage DLBCL. Newer information, such as the
lack of a survival benefit with continued follow-up and

the potential to cure patients with prolonged
chemotherapy, is challenging the role of radiation.
Mature follow-up and final publication of the random-
ized controlled trials mentioned above are certain to
guide future treatment selection. Our standard
approach is to deliver three or four cycles of CHOP-
rituximab (CHOP-R) chemotherapy followed by
involved field radiation for patients with minimal risk
factors (i.e., stage I or nonbulky stage II), and to deliver
six cycles of CHOP-R for others with early-stage
DLBCL. The results of the GELA study suggest that
involved field radiation may not be necessary or bene-
ficial for all patients. This study has only been reported
in abstract form, and until its definitive publication,
our treatment recommendations are not guided by its
results. More recent data regarding the use of rituximab
in patients with DLBCL will be discussed below. 

INITIAL THERAPY OF ADVANCED DLBCL

Nearly 3 decades ago, CHOP chemotherapy was intro-
duced: cyclophosphamide 750 mg/m2 on day 1, adri-
amycin 50 mg/m2 on day 1, vincristine 1.4 mg/m2 on
day 1 (maximum 2 mg), and prednisone 100 mg daily
on days 1–5.27 This early report, in the era prior to rou-
tine radiographic follow-up, demonstrated a previ-
ously undescribed overall clinical response rate of over
90% in a heterogeneous group of lymphoma patients.
It quickly became the standard against which other
regimens were measured. During the subsequent 2
decades, alternative combinations were proposed that
appeared more intense and more effective than CHOP
in phase II and/or single institution studies. These
include combinations such as m-BACOD (low-dose
methotrexate, bleomycin, doxorubicin, cyclophos-
phamide, vincristine, dexamethasone), ProMACE-
CytaBOM (prednisone, doxorubicin, cyclophos-
phamide, etoposide alternating with cytarabine,
bleomycin, vincristine, and methotrexate), and
MACOP-B (methotrexate, doxorubicin, cyclophos-
phamide, vincristine, prednisone, and bleomycin)
among others. However, a definitive phase III, ran-
domized, controlled trial conducted by the SWOG and
the ECOG demonstrated that CHOP was equally effi-
cacious and less toxic than these second-generation
regimens.28 Specifically, 899 eligible patients with
bulky stage II, stage III, or stage IV aggressive lym-
phomas were randomized to either CHOP, m-BACOD,
ProMACE-CytaBOM, or MACOP-B. There was no sig-
nificant difference in either EFS (44% at 3 years) or OS
(52–54% at 3 years). Furthermore, CHOP had the low-
est number of deaths due to toxicity. With 6 years of
follow-up, the PFS and OS curves continue to overlap
for all treatment groups.29 CHOP remained the gold
standard during most of the nineties. A recent meta-
analysis of nearly 2000 patients enrolled on random-
ized controlled trials of CHOP versus second-generation
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regimens confirms these findings as well.30 The
authors report that newer regimens did not confer a
statistically significant survival advantage at 5 years as
compared to CHOP.

But several recently published randomized studies
show that some dose-intensive regimens are indeed
superior to CHOP and constitute one of the several
exciting developments in the treatment of lym-
phoma. Promising strategies include the addition of
targeted therapies to CHOP, the addition of other
chemotherapeutic agents to CHOP, shortening the
cycle length to increase dose intensity, and the use of
infusional chemotherapy that allow dose escalation.
The use of hematopoietic growth factors such as fil-
grastim and peg-filgrastim has substantially facilitated
dose intensification in the modern era. Also, the IPI or
similar prognostic models are routinely used in
patient selection for recent trials. It is typically
patients with high IPIs that are assigned to more dose-
intense strategies, and such patients may be destined
to benefit more.

RITUXIMAB IN DLBCL
Perhaps the most radical change in the treatment of
aggressive lymphomas has been the addition of the
monoclonal antibody, rituximab. Rituximab is a
murine/human chimeric monoclonal antibody against
the CD20 antigen present on both normal mature and
malignant B cells. The function of CD20 is unknown,
but the binding of rituximab to its target leads to
cell death via antibody dependent cell-mediated
cytotoxicity, complement dependent cytotoxicity, and
apoptosis. Rituximab has an excellent safety profile,
with the most common adverse events (flushing, rash,
pruritus, hypotension) being limited to the duration of
infusion. Rarely, anaphylaxis has been described.
Several phase II studies showed that rituxan had mod-
est single agent activity in large cell lymphoma.31,32

On the basis of in vitro data suggesting that rituximab
sensitizes cells to chemotherapy, several groups have
pursued front-line therapy in combination with CHOP
and reported promising response and survival
rates.33,34 A pivotal phase III study performed by a
French–Belgian cooperative group, the GELA, con-
firmed these promising findings.35 This multicenter,
randomized controlled trial compared CHOP versus
CHOP-R in 399 patients older than 60 years with
DLBCL. The median age was 69 years and nearly 90%
of patients had diffuse large B cell as the presenting
histology. The original report, with 2-year follow-up,
showed CHOP-R to be superior in terms of complete
remission rate (76% vs 63%, p 
 0.005), 2-year EFS
(57% vs 38%, p � 0.001), and 2-year OS (70% vs 57, p

 0.007). Longer follow-up of 3 years continues to
demonstrate an advantage for patients receiving ritux-
imab: EFS 53% versus 35%, p 
 0.00008 and OS 62%
versus 51%, p 
 0.008.36 The GELA study was the first
randomized study of large cell lymphoma in more

than 10 years to show an advantage for the investiga-
tional arm. This, as well as the extremely favorable
safety profile for rituximab, resulted in a great degree
of enthusiasm and widespread adoption of the CHOP-R
regimen as the new standard. 

More recent studies have confirmed these promis-
ing results in other subgroups of patients, such as
those with early-stage disease and those younger than
60 years. In addition, considerable attention was
devoted to an analysis of rituximab’s contribution to
clinical outcome by the British Colombia Cancer
Agency.37 Due to governmental regulation, rituximab
was not approved for use in front-line aggressive lym-
phomas in British Columbia, until March 2001. Sehn
and colleagues thus compared the 18-month survival
of 142 patients treated prior to this date to 152
patients treated after this date. Only 9% of the patients
treated for DLBCL prior to March 2001 had received
rituximab with CHOP, and only 15% of the patients
treated for DLBCL after March 2001 had not received
rituximab. The results show an impressive improve-
ment in PFS in the rituximab era in both elderly and
young patients. 

More recently, the enthusiasm over CHOP-R has
been tempered somewhat by the results of a multicen-
ter phase III randomized controlled trial in the United
States. In this intergroup study, over 600 older patients
with DLBCL were randomized to CHOP with or with-
out rituximab.38 The rituximab was scheduled to be
given on five occasions during six cycles of CHOP ther-
apy; in addition, a second randomization with mainte-
nance rituximab (375 mg/m2 weekly times four doses,
repeated every 6 months times four) was incorporated.
With a median follow-up of almost 3 years, there was
no significant difference in overall response rate or OS.
However, patients receiving rituximab, either as part of
CHOP or as part of maintenance, enjoyed a prolonged
time to treatment failure. Rituximab maintenance did
not further improve time to treatment failure (TTF) in
patients who had already received rituximab with
their CHOP chemotherapy. There is considerable
debate over how to interpret these results. Some claim
that the study was flawed because of an insufficient
intensity of rituximab administration. Others argue
that the benefits of rituximab may not be as great as
originally thought.

Finally, there may be subsets of patients who bene-
fit to a greater magnitude with rituximab. In a follow-
up analysis of the GELA data, Mounier and colleagues
report that CHOP-R confers an improved OS in
patients with bcl-2 overexpression (67% vs 48%, p 


0.004) but not in patients lacking bcl-2 overexpression
(72% vs 67%, p 
 NS).39 They also show that the bene-
fit of rituximab is greater in patients with a low IPI
score than in patients with higher-risk disease. Finally,
some data suggest that genetic polymorphisms in the
Fc� IIIA receptor of lymphocytes predicts for inherent
sensitivity versus resistance to rituximab.40,41
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Thus, the optimal incorporation of rituximab into
existing therapies continues to be refined. All in all, it
appears that the addition of rituximab improves the
outcome of patients with large cell lymphoma with
minimal toxicity. Despite remaining questions about
the magnitude of its effect in specific subgroups of
patients, it is likely to be widely used.

DOSE INTENSIFICATION
The GELA recently published results of a multicenter
prospective phase III study comparing CHOP to a
second-generation regimen that was initiated in
1993.42 Over 600 older patients were randomized to
either ACVBP (intensified doxorubicin, intensified
cyclophosphamide, vindesine, bleomycin, pred-
nisone, intrathecal methotrexate) or standard CHOP
treatment. All patients received growth factor pro-
phylaxis. The complete remission rates did not differ
between the two groups, and ACVBP was associated
with a significant increase in hematologic and non-
hematologic toxicity and treatment-related deaths.
But with a median follow-up of 68 months, the
ACVBP patients had a longer EFS (39% vs 29%, p 


0.005), longer disease-free survival (62% vs 44%, 
p 
 0.0002), and an improvement in OS (46% vs 38%,
p 
 0.036) at 5 years. This study was conducted at the
same time as the influential, but negative, SWOG ran-
domized study comparing CHOP to second-generation
regimens. Explanations for these discrepant results
include the possibility that the ACVBP regimen is
superior to the investigational regimens tested in the
SWOG study, or that patient selection was more
geared to patients with advanced disease in the GELA
study.

VARIATIONS IN CYCLE LENGTH WITH DOSE
INTENSIFICATION OF CHOP
The original cycle length of 21 days for CHOP was
based on the average time needed for hematopoietic
recovery. However, the introduction of effective
hematopoietic stem cell growth factors such as filgras-
tim, sargramostin, and peg-filgrastim allow a shorten-
ing of cycle length with the goal of increased drug
intensity. A phase II SWOG study demonstrated that
the drugs in CHOP could be both intensified (CHOP-
DI) and the cycle duration could be shortened safely in
a group of over 100 patients with aggressive and high-
grade lymphomas.43 CHOP-DI led to an improved OS
at 5 years as compared to a historical control group;
however, the main endpoint of the study was PFS, and
no difference between the CHOP-DI patients and his-
torical control patients could be demonstrated. 

Two large German multicenter phase III random-
ized studies (NHL-B1 and NHL-B2) also address the
issue of cycle shortening with or without the addition
of etoposide to CHOP. The design for each study was a
four-armed randomized (2 � 2 factorial) controlled
trial in both younger (18–60 years) and older (61–75

years) patients.44,45 The following regimens were deliv-
ered for a total of six cycles: CHOP-21 (the standard
arm), CHOP-14, CHOEP-21 (CHOP with addition of
etoposide 100 mg/m2 on days 1 through 3), and
CHOEP-14. All patients on the shortened cycle arms
received growth factor support whereas for the 3-
weekly regimens the growth factor support was at the
physician’s discretion. The NHL-B2 trial for older
patients included both favorable prognosis patients
(defined by normal LDH at diagnosis) and unfavorable
prognosis patients (defined by an increased LDH at
diagnosis). By contrast, the NHL-B1 study for younger
patients included only favorable prognosis patients.
Young patients with elevated LDH were enrolled on a
competing trial. The NHL-B2 trial for older patients
randomized 689 patients and, with a median follow-
up of 58 months, shows that CHOP-14 significantly
improved the EFS and OS compared with CHOP-21.
The addition of etoposide did not improve these end-
points, and, when given in an every 14-day schedule,
substantially increased the hematologic and non-
hematologic toxicity. In the NHL-B1 study for young
patients, shortening the cycle leneth did improve the
OS at 5 years. The addition of etoposide substantially
improved the complete response rate and the EFS; in
contrast to the trial in older patients, CHOEP-21 and
CHOEP-14 were successfully delivered without exces-
sive toxicity. The authors suggest that CHOEP should
be the preferred regimen for this population. However,
these trials were designed before the routine addition
of rituximab, and it remains to be seen if rituximab is
able to overcome the need to intensify CHOP, either
with or without etoposide.46

INFUSIONAL REGIMENS
Another means of intensifying CHOP is the use of
infusional administration. Infusional regimens are
based on the premise that prolonged exposure of anti-
neoplastic agents breeds less drug resistance as com-
pared to brief, but higher, doses of chemotherapy. The
infusional regimen EPOCH (etoposide, prednisone,
vincristine, cyclophosphamide, adriamycin) is highly
active in aggressive lymphomas. It was first tested in a
group of relapsed and refractory patients, all of whom
had failed front-line CHOP-like regimens.47 Despite
the fact that all patients had previously received these
same agents, the overall response rate exceeded 70% in
patients with aggressive lymphomas. Furthermore, the
authors discovered significant variability in serum
drug concentrations between patients. This formed
the basis for their subsequent investigation of dose-
adjusted EPOCH (DA-EPOCH) in which chemotherapy
drug doses are escalated or de-escalated each cycle
based on the neutropenic nadir and neutropenic dura-
tion during the previous cycle; this type of patient-
specific therapy could theoretically allow maximal use
of each agent. In a group of 49 evaluable patients with
previously untreated DLBCL, 92% achieved a complete

Part III ■ LYMPHOMA548



response, and there was a PFS of 70% and OS of 73% at
5 years.48 Most recently, the addition of rituximab to
DA-EPOCH was tested in a cooperative group setting.
DA-EPOCH-R will be the investigational arm in a large,
randomized, prospective Cancer and Leukemia Group
B study for advanced lymphoma.

AUTOLOGOUS TRANSPLANTATION AS CONSOLIDATION
TREATMENT IN NEWLY DIAGNOSED PATIENTS 
IN FIRST REMISSION
Transplantation in DLBCL is usually reserved for
relapsed patients, but many have investigated its role
in consolidation of response to first-line regimens.
The results appear to be highly dependent on patient
selection and timing of transplantation. Two prospec-
tive randomized trials evaluated autologous trans-
plantation in patients with a slow response (i.e., less
than a complete remission) to standard front-line reg-
imens.49,50 A randomized Dutch study assessed 106
patients with previously untreated intermediate grade
lymphoma receiving CHOP chemotherapy.49 After
three cycles, 69 patients had achieved a PR and were
randomized to receive either three more cycles of
CHOP or to proceed to an autologous stem cell
transplantation. The authors found no advantage of
high-dose chemotherapy with autologous transplan-
tation over CHOP in terms of overall response rate,
EFS, disease-free survival, or OS. The Italian study
compared either DHAP (dexamethasone, cytarabine,
cisplatin) versus high-dose chemotherapy with BEAC
(carmustine, etoposide, cytarabine, cyclophos-
phamide) and autologous stem cell transplant in par-
tial remitters following two-thirds of an anthracy-
cline-containing regimen.50 However, only 49
patients were randomized, which was insufficient to
detect a statistically meaningful difference between
the two arms. A third prospective randomized study,
performed by the German High-Grade non-Hodgkin’s
Lymphoma Study Group, evaluated the role of high-
dose chemotherapy in patients achieving at least a
minor response following two cycles of CHOEP
(CHOP plus etoposide) as compared to three more
cycles of CHOEP followed by involved field radiation.51

It also failed to identify an advantage of transplanta-
tion following abbreviated induction. Furthermore,
even patients with high-intermediate and high-risk
lymphoma did not appear to benefit from early trans-
plant in this trial. 

In contrast, the French–Belgian LNH87-2 trial ret-
rospectively applied the IPI and identified 236 high-
intermediate and high-risk patients who were ran-
domized to either more chemotherapy or autologous
transplantation after achieving complete remis-
sion.52 Both DFS and OS favored the autologous arm
(55% vs 39%, p 
 0.02; and 64% vs 49%, p 
 0.04,
respectively) in these higher risk subgroups. A study
from Milan also evaluated the benefit of autologous
transplantation as part of initial treatment for

patients with adverse prognostic features (stage III/IV
disease and large tumor bulk) in a prospective ran-
domized trial.53 This study was restricted to patients
with classic DLBCL (no discordant lymphomas) and
those without bone marrow involvement. With a
median follow-up of 55 months, they found signifi-
cantly improved CR rates, FFP, RFS and EFS, and bor-
derline improved OS for those undergoing autolo-
gous transplantation compared to the control group
who received MACOP-B. The most recent study in
favor of consolidative autologous transplant in first
remission was published by the GOELAMS in 2004.54

Nearly 200 consecutive eligible patients were ran-
domized to receive either standard CHOP for 8
cycles, or CEEP (cyclophosphamide, epirubicin, vin-
desine, prednisone) for 2 cycles followed by high
dose methotrexate/cytarabine, and BEAM (BCNU,
etoposide, cytarabine, melphalan) with autologous
stem cell transplant. Patients randomized to the
transplant arm enjoyed a prolonged PFS, but there
was no statistical advantage in terms of complete
remission rate or OS except for the high intermediate
IPI risk group in which the transplant arm enjoyed a
superior OS (74% vs 44%, p 
 0.001). The authors
conclude that high intermediate IPI risk group
patients should receive an autologous transplant as
part of front-line therapy. 

In summary, the role of autologous transplanta-
tion as part of initial management in aggressive lym-
phomas remains unclear. A meta-analysis of 11 ran-
domized trials concludes that there may be a benefit
to transplant for patients with high-risk disease, who
are younger and who are transplanted in complete
remission.55 It should be emphasized that none of the
above studies included rituximab and that this may
influence the outcome. Certain subgroups, such as
those with intermediate and high-intermediate IPI
scores, may derive benefit when transplanted in first
complete remission, whereas a recent randomized
multi-institutional investigation by the EORTC has
convincingly shown that high-dose chemotherapy
and autologous transplantation in first remission
does not confer benefit for patients with low or low-
intermediate IPI scores.56 Autologous transplantation
after shortened induction regimens and for patients
in partial remission seems not to be of benefit. Dose
intensification continues to be investigated in an
ongoing intergroup randomized study in the United
States.57

CNS PROPHYLAXIS
It is not clear which, if any, subgroup of patients
should receive CNS prophylaxis and exactly what that
prophylaxis should consist of. Although the IPI corre-
lates with a higher incidence of CNS recurrence, even
patients with low-intermediate risk disease may have
CNS relapse.58 A French group has shown that CNS pro-
phylaxis with systemic and intrathecal methotrexate
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may decrease the incidence of CNS relapse compared
with reported incidence in the literature,13 but most
investigators agree that prospectively designed studies
delineating the optimal prophylactic and treatment
strategy are still needed.

OUR CURRENT APPROACH TO TREATMENT
OF DLBCL 

Patients with early stage (I–II) disease are treated with
CHOP-R for three to six cycles, depending on the
stage-adjusted IPI. Those with 0–1 risk factors are given
three cycles of CHOP-R followed by radiation. This is
generally a very well-tolerated approach. For those
with a stage-adjusted IPI �1, we prefer to administer
six cycles of chemotherapy with CHOP-R. Radiation
therapy is not routinely administered for such
patients, but is considered for those with residual
masses, especially if those masses are PET positive.

Patients with advanced disease are staged with CT
scans and a bilateral bone marrow biopsy. We include
a PET scan in our initial staging work-up and will rou-
tinely restage patients after four cycles of treatment.
Modifications in treatment strategy will be considered
for those with residual PET positivity after four cycles.
A lumbar puncture is a part of the staging work-up for
those with IPI greater than 2, those with testicular
lymphoma, those with lymphoma in the head and
neck area, and those with large cell lymphoma in the
bone marrow. We currently do not have guidelines for
prophylactic intrathecal treatment. Our patients with
advanced stage lymphoma are treated with CHOP-R
for six cycles at 21-day intervals. We will consider
CHOP-R-14 with G-CSF support for patients with an
increased LDH. We do not usually recommend autolo-
gous transplant in first remission, unless there is major
concern for residual disease after completion of treat-
ment, usually based on the presence of residual PET
positivity. Our recommendations are admittedly some-
what guided by empiricism. Continued accrual to
prospective studies is indicated, especially for patients
with unfavorable prognostic features.

PRIMARY MEDIASTINAL B-CELL
LYMPHOMA

Primary mediastinal B-cell lymphoma (PMBL) is a dis-
tinct subtype of diffuse large cell lymphoma originat-
ing from thymic B cells. It was first described nearly 25
years ago59,60 and is now recognized as a unique entity
based on clinical, immunophenotypic, and genotypic
features. PMBL accounts for approximately 5% of all
aggressive lymphomas and affects mainly young
adults. The median age at presentation is in the third
decade, with a slight female predilection. Most
patients present with significant symptoms, including

shortness of breath, superior vena cava syndrome,
phrenic nerve palsy, cough, or chest pain, all due to
local aggressiveness and invasion of other mediastinal
and thoracic structures. Up to 80% of patients have
disease limited to the thorax at presentation61; the
bone marrow is only rarely involved. Despite their
young age and apparently localized initial presenta-
tion, only a third of patients are alive at 5 years, and
recurrences typically involve distant extranodal sites
such as the kidney or CNS. 

Histologic examination reveals a massive diffuse
proliferation along with significant fibrosis. Similar to
other DLBCLs, PMBL expresses CD19, CD20, and CD45
with variable expression of surface immunoglobulin
and HLA molecules. Cytogenetic analysis shows sev-
eral recurring abnormalities: gains of chromosome 9p
in 50% of cases,62 trisomy 12q31 in 31% of cases, and
trisomy 2p in occasional cases.63 Molecular features
include amplification of the rel gene and overexpres-
sion of the mal gene, with absence of bcl-2, bcl-6, and
myc expression. Recently, the gene expression pattern
via microarray analysis of PMBL was shown to more
closely resemble Hodgkin’s lymphomas rather than
NHLs.64 The clinical implications of this finding are
yet to be defined, and PMBL continues to be treated
similar to other DLBCLs.

In addition to unique epidemiologic and pathologic
features, PMBL presents its own treatment challenges.
Despite the initial supradiaphragmatic localization,
there is difficulty in assigning patients a stage. Some
consider PMBL to be stage II, whereas others feel that
IVE is more appropriate due to invasion of mediastinal
or intrathoracic structures.61 This could lead to hetero-
geneity when comparing patient populations between
trials and published reports. Regardless of the staging,
a full course of anthracycline-based treatment is ini-
tially offered, similar to advanced stage, aggressive
lymphomas. However, up to a third of patients have
primary refractory disease, and consolidative measures
should therefore be considered. Mediastinal irradia-
tion to the primary mass is commonly used. A report
from the MD Anderson Cancer Center suggests that RT
prevents local relapse,65 a finding supported by several
European studies.66,67 In a multicenter Italian study,
patients remaining gallium avid after MACOP-B con-
verted to gallium negative after consolidative RT and
few patients relapsed. However, other authors have
shown that RT adds little to disease control. Lazzarino
and colleagues retrospectively reported on 99 evalu-
able patients and found that the relapse rate did not
significantly differ between patients receiving RT and
those who did not.61 Furthermore, 11 of 12 relapses in
the RT group were intrathoracic. A French group
reported that patients achieving only a PR to front-line
chemotherapy did not further respond to RT.68 High-
dose chemotherapy followed by autologous stem cell
rescue in first remission has also been proposed, with
very promising phase II data.63
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At relapse, patients with PMBL are considered for
autologous stem cell transplantation. In general, this
population may do better as compared to the general
group of aggressive lymphoma patients, partly due to
their younger age and partly due to less common
bone marrow involvement. Popat and colleagues69

report a series of patients with recurrent or refractory
DLBCL treated with high-dose chemotherapy and
found that having PMBL was a favorable prognostic
feature. Sehn and colleagues70 also performed a retro-
spective analysis of 35 patients with PMBL treated
with high-dose cyclophosphamide, carmustine, and
etoposide (CBV) plus autologous bone marrow trans-
plant (ABMT). Patients with primary refractory dis-
ease had 58% long-term disease-free survival and
patients with relapsed disease had 27% long-term
disease-free survival. The strongest predictor of PFS
was chemotherapy responsiveness immediately
before transplant. But even in chemo-therapy-refrac-
tory patients, 33% long-term survival was observed. 

TREATMENT OF RELAPSED AND
REFRACTORY DLBCL

More than half of all DLBCL patients initially entering
remission with combination chemotherapy will
relapse. The standard treatment approach for such
patients is to deliver salvage chemotherapy followed
by consolidative autologous stem cell transplantation
in patients demonstrating chemosensitivity.71a Patients
with chemorefractory disease and patients relapsing
following an autologous stem cell transplant have an
overall poor prognosis and should be considered for
allogeneic stem cell transplantation or for clinical tri-
als with investigational agents. The role of autologous
and allogeneic transplant in the management of
relapsed and refractory aggressive lymphomas is dis-
cussed elsewhere in chapters 64 and 65. 

The optimal salvage regimen is not known, and there
are no phase III, prospective, randomized trials compar-
ing various combinations. Most of the data is from
phase II trials, and the choice of treatment is often influ-
enced by both patient features and physician prefer-
ences. Some commonly used regimens include DHAP,71a

ESHAP71b (etoposide, methylprednisolone, cytarabine,
cisplatin), ICE72 (ifosfamide, carboplatin, etoposide),
IE73 (ifosfamide, etoposide), MINE73,74 (mesna, ifos-
famide, mitoxantrone, etoposide) and EPOCH48,75

(etoposide, prednisone, vincristine, cyclophosphamide,
doxorubicin), among others. The DHAP regimen is one
of the first salvage regimens to be designed. In the
Parma trial, patients with relapsed lymphomas receiv-
ing DHAP had an overall response rate of 58%, but the
5-year EFS and OS of patients not subsequently trans-
planted were only 12% and 32%, respectively.71a

Ifosfamide-based regimens are gaining in popular-
ity, partly due to the ability to dose-escalate the ifos-

famide, and also because they are excellent stem cell
mobilizing regimens.72,73 Overall response rates are
over 60%, although the complete response rate is only
24%.73 The major advantage to improving salvage reg-
imens is to demonstrate chemosensitivity, since this is
arguably the most crucial characteristic-determining
outcome following autologous stem cell transplanta-
tion in aggressive lymphomas. Of the ifosfamide-based
salvage regimens for aggressive lymphomas, extensive
data have been published on the ICE (ifosfamide, car-
boplatin, etoposide) regimen developed at the
Memorial Sloan Kettering Cancer Center (MSKCC).73–78

In an initial publication, investigators at MSKCC
treated 163 consecutive transplant-eligible patients
with relapsed or refractory aggressive NHL with 3
cycles of the ICE regimen. The overall response rate
was 66%, allowing 89% of patients to proceed to a
planned autologous stem cell transplant. There was
minimal nonhematologic toxicity, although a third of
patients had greater than grade 3 thrombocytopenia.
All patients received growth factor support during
each cycle of treatment. There are several other high-
dose ifosfamide-based regimens that are in widespread
use,72,73 and all appear to be effective at stem cell mobi-
lization. However, despite high activity, none of these
regimens are curative unless followed by a consolida-
tive transplant procedure. 

The addition of rituximab to salvage regimens
appears to substantially improve the response rate. For
example, Kewalramani and colleagues show that the
overall response rate and complete response rate
increases to 81% and 55%, respectively, when adding
rituximab to the ICE regimen.79 Although not specifi-
cally demonstrated for large cell lymphoma, ritux-
imab also serves as an “in vivo purge” during stem cell
collection80,81 and is likely to be an important compo-
nent of most pretransplant salvage regimens for
CD20-positive malignancies.

There are a multitude of promising investigational
agents being pursued for the treatment of lymphomas.
These include proteosome inhibitors (bortezomib or
Velcade), anti-Bcl-2 agents (oblimersen sodium or
Genasense), antiangiogenic agents, liposomal formu-
lations of standard chemotherapeutic agents (liposo-
mal vincristine, liposomal doxorubicin), newer mono-
clonal antibodies (epratuzamab), and radiolabeled
monoclonal antibodies (ibritumomab tiuxetan or
Zevalin, tositumomab or Bexxar). Phase II and III stud-
ies are ongoing, and several of the most active agents
in preliminary studies are being incorporated into
front-line regimens. 

SUMMARY

Significant advances in our understanding of DLBCL
have been made in the past decade. Assessment of
prognosis by use of the IPI is now in widespread use

Chapter 54 ■ Treatment Approach to DLBCL 551



1. Jemal A, Murray T, Samuels A, et al.: Cancer statistics,
2003. CA Cancer J Clin 53:5–26, 2003.

2. Chiu BC, Weisenburger DD: An update of the epidemi-
ology of non-Hodgkin’s lymphoma. Clin Lymphoma 4:
161–168, 2003.

3. Groves FD, Linet MS, Travis LB, et al.: Cancer surveil-
lance series: non-Hodgkin’s lymphoma incidence by
histologic subtype in the United States from 1978
through 1995. J Natl Cancer Inst 92:1240–1251, 2000.

4. Diebold J, Anderson JR, Armitage JO, et al.: Diffuse
large B-cell lymphoma: a clinicopathologic analysis of
444 cases classified according to the updated Kiel classi-
fication. Leuk Lymphoma 43:97–104, 2002.

5. Raetz E, Perkins S, Davenport V, et al.: B large-cell lym-
phoma in children and adolescents. Cancer Treat Rev
29:91–98, 2003.

6. Jaffe ES, Harris NL, Stein H, et al.: World Health
Organization Classification of Tumours. In: Tumours of
Haematopoietic and Lymphoid Tissues. Lyon, France:
IARC Press; 2001.

7. de Leval L, Harris NL: Variability in immunophenotype
in diffuse large B-cell lymphoma and its clinical rele-
vance. Histopathology 43:509–528, 2003.

8. Cheson BD, Horning SJ, Coiffier B, et al.: Report of an
international workshop to standardize response criteria
for non-Hodgkin’s lymphomas. NCI Sponsored
International Working Group. J Clin Oncol 17:1244,
1999.

9. de Wit M, Bohuslavizki KH, Buchert R, et al.: 18FDG-
PET following treatment as valid predictor for disease-
free survival in Hodgkin’s lymphoma. Ann Oncol
12:29–37, 2001.

10. Mikhaeel NG, Timothy AR, Hain SF, et al.: 18-FDG-PET
for the assessment of residual masses on CT following
treatment of lymphomas. Ann Oncol 11(suppl 1):
147–150, 2000.

11. Jerusalem G, Beguin Y, Fassotte MF, et al.: Whole-body
positron emission tomography using 18F-fluorodeoxyglu-
cose for posttreatment evaluation in Hodgkin’s disease
and non-Hodgkin’s lymphoma has higher diagnostic and
prognostic value than classical computed tomography
scan imaging. Blood 94:429–433, 1999.

12. Jerusalem G, Beguin Y, Fassotte MF, et al.: Persistent
tumor 18F-FDG uptake after a few cycles of poly-
chemotherapy is predictive of treatment failure in non-
Hodgkin’s lymphoma. Haematologica 85:613–618, 2000.

13. Haioun C, Besson C, Lepage E, et al.: Incidence and risk
factors of central nervous system relapse in histologi-
cally aggressive non-Hodgkin’s lymphoma uniformly
treated and receiving intrathecal central nervous sys-

tem prophylaxis: a GELA study on 974 patients.
Groupe d’Etudes des Lymphomes de l’Adulte. Ann
Oncol 11: 685–690, 2000.

14. van Besien K, Ha CS, Murphy S, et al.: Risk factors,
treatment, and outcome of central nervous system
recurrence in adults with intermediate-grade and
immunoblastic lymphoma. Blood 91:1178–1184, 1998.

15. A predictive model for aggressive non-Hodgkin’s lym-
phoma: The International Non-Hodgkin’s Lymphoma
Prognostic Factors Project. N Engl J Med 329:987–994,
1993.

16. Alizadeh AA, Eisen MB, Davis RE, et al.: Distinct types
of diffuse large B-cell lymphoma identified by gene
expression profiling. Nature 403:503–511, 2000.

17. Rosenwald A, Wright G, Chan WC, et al.: The use of
molecular profiling to predict survival after chemother-
apy for diffuse large-B-cell lymphoma. N Engl J Med
346:1937–1947, 2002.

18. Lossos IS, Czerwinski DK, Alizadeh AA, et al.:
Prediction of survival in diffuse large-B-cell lymphoma
based on the expression of six genes. N Engl J Med
350:1828–1837, 2004.

19. Chen MG, Prosnitz LR, Gonzalez-Serva A, et al.: Results
of radiotherapy in control of stage I and II non-
Hodgkin’s lymphoma. Cancer 43:1245–1254, 1979.

20. Kaminski MS, Coleman CN, Colby TV, et al.: Factors
predicting survival in adults with stage I and II large-
cell lymphoma treated with primary radiation therapy.
Ann Intern Med 104:747–756, 1986.

21. Sweet DL, Kinzie J, Gaeke ME, et al.: Survival of
patients with localized diffuse histiocytic lymphoma.
Blood 58:1218–1223, 1981.

22. Spicer J, Smith P, Maclennan K, et al.: Long-term fol-
low-up of patients treated with radiotherapy alone for
early-stage histologically aggressive non-Hodgkin’s
lymphoma. Br J Cancer 90:1151–1155, 2004.

23. Miller TP, Dahlberg S, Cassady JR, et al.: Chemotherapy
alone compared with chemotherapy plus radiotherapy
for localized intermediate- and high-grade non-
Hodgkin’s lymphoma. N Engl J Med 339:21–26, 1998.

24. Miller TP, LeBlanc M, Spier CM, et al.: CHOP alone
compared to CHOP plus radiotherapy for early stage
aggressive non-Hodgkin’s lymphomas: update of the
Southwest Oncology Group (SWOG) randomized trial.
Blood 98:724a, 2001.

25. Horning SJ, Weller E, Kim K, et al.: Chemotherapy
with or without radiotherapy in limited-stage diffuse
aggressive non-Hodgkin’s lymphoma: Eastern
Cooperative Oncology Group study 1484. J Clin Oncol
22: 3032–3038, 2004.

and facilitates treatment decisions. More recently,
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DLBCL is a largely chemosensitive disease, and
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The impact of the monoclonal antibody, rituximab,
in both front-line and relapsed regimens is encourag-
ing, and may change the long-term outcome of this
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intensity as a further way of improving treatment for
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promises to provide even more effective options for
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INTRODUCTION

Mantle cell lymphoma (MCL) is a distinct entity of
lymphoma in the WHO classification1 and represents
approximately 5–6% of all non-Hodgkin’s lymphomas.2

The incidence of MCL is 2–3 per 100,000/year and
occurs with at a median age of 65 years. Classical nodal
and extra-nodal MCL is associated with overexpression
of Cyclin D1 from the presence of the t(11;14) (q13;
q32) translocation juxtaposing the BCL1 gene and the
immunoglobulin heavy chain locus.3–5 MCL exhibits a
strong tendency toward extranodal involvement, espe-
cially the gastrointestinal tract,6 bone marrow, and
spleen. The approach to staging is similar to aggressive
lymphomas, and also includes colonoscopy due to a
high incidence of lower GI tract involvement.7 MCL has
moderate chemosensitivity, with complete responses to
conventional chemotherapy ranging from 20% to
60%.8–10 Despite this, the disease has a dismal outcome
and tends to recur following conventional therapy, with
a median survival of 3 years.11–13

HISTOLOGY

MCL comprises a group of lymphoma subtypes previ-
ously classified as centrocytic lymphoma, lymphocytic
lymphoma, or diffuse small-cleaved cell lym-
phoma.14–16 Two morphologic subtypes of MCL are
now classified: classic or typical MCL, which comprises
90%, and the blastoid variant, which is found in 10%
of cases.15 The malignant cell type of the classic or typ-
ical MCL is composed of morphologically small- to
medium-sized lymphocytes with irregular nuclei and
condensed chromatin, while the blastoid variant
resembles lymphoblasts with medium size rounded
nuclei, dispersed chromatin, and scant cytoplasm.16

The blastoid variant has a high mitotic index com-
pared to the classic MCL and has a worse prognosis
than the classic form, with a median survival of �2
years.17 Architecturally, three different patterns are rec-
ognized: mantle-zone pattern with the malignant cells

surrounding normal germinal centers, nodular pat-
tern, and diffuse pattern with loss of germinal centers. 

IMMUNOPHENOTYPE

MCL is thought to arise from naïve pregerminal center
B cells in the primary follicles or mantle zone of sec-
ondary follicles. It has an immunophenotype of a
mature B cell,15,16,18–21 expressing CD19, CD20, CD22,
CD79A, IgM, and/or IgD. MCL express lambda light
chain more often than kappa light chain.
Additionally, these malignant cells are CD5�, CD43�,
but CD23�, and CD10�, which differentiates them
from chronic lymphocytic leukemia. Most cases dis-
play an unmutated immunoglobulin chain locus.22,23

Recent studies have now shown that 25–30% of MCL
carry mutations in the IgVH, a feature of postgerminal
center cells.22,24,25

Some patients may present with peripheral lym-
phocytosis with a t(11;14) translocation, extra-nodal
disease, and may have a different clinical course than
that for classical MCL. In a study that looked at the
clinical course in 80 MCL patients with circulating
t(11;14) lymphocytes, IgVH genes were unmutated in
90% of nodal MCL patients, while only 44% of the
extra-nodal patients had unmutated IgVH genes.26

Interestingly, long-term survivors in this study were all
found in the extra-nodal group with IgVH gene muta-
tion. The authors suggested that mutated IgVH genes
found in the extra-nodal asymptomatic MCL group
may be of use to identify patients who have more
indolent disease and for whom early intensive treat-
ment is not indicated. Further studies are warranted
before adopting this management approach for extra-
nodal MCL.

GENETICS/CYTOGENETICS
MCL is associated with the t(11;14)(q13;q32) the
ataxia telangiectasia mutation and the 11q deletion.
The t(11;14) juxtaposes the Cyclin D1 gene to the 
B-cell immunoglobulin transcription enhancer, which
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results in the overexpression of Cyclin D1.16 This
results in deregulation of the G1 phase of the cell cycle.
While Cyclin D1 overexpression is a hallmark of MCL,
it is also observed in a variety of other hematologic and
nonhematologic malignancies, and the precise role
that Cyclin D1 overexpression plays in the develop-
ment of MCL is not understood. This translocation is
found in more than 95% of MCL cases. Up to 50% of
the breakpoints on 11q13 occur within a restricted area
called the major translocation cluster, and this region is
used to amplify genomic DNA by PCR as a diagnostic
method. Using the PCR assay as a molecular diagnostic
tool for MCL detects the rearrangement in only 35%of
patients.16 New PCR methods are being investigated
that examine the Cyclin D1/Cyclin D3 ratio by real-
time PCR, and these have shown improved specificity
for the diagnosis of MCL.27 PCR has also been used for
molecular follow-up studies of MCL16,28

Fluorescence in situ hybridization (FISH) can show
the t(11;14) translocation with a greater sensitivity of
�95%. Another benefit of FISH is that it can be per-
formed on archival cytologic material.29

Additional diagnostic approaches for MCL are
under investigation. Microarray data suggests that
there may be a disease-specific signature, including sig-
natures for apoptosis, cell cycle, and cell signaling 30.
Transgenic animal studies have shown that CCND1
gene overexpression alone cannot induce lymphoma
and that other oncogenic factors, such as c-myc, are
needed.31 Cyclin D1 overexpression is the only one
mechanism responsible for deregulating the G1 phase
of the cell cycle in MCL. Other mechanisms include
hypermethylation and inactivation of p16INK4a, TP53
mutations, and loss of p27Kip1.32–35 Microarray analysis
has shown that MCL exhibits alterations in the expres-
sion of apoptosis-related molecules, with an overall
pattern of antiapoptosis36 and a low MCL apoptotic
rate.37 In addition, MCL cells have been shown to
express low or absent levels of Fas and thus may have
prolonged survival.38 Additionally, the myeloid cell
leukemia 1 (Mcl-1) gene, a member of the BCL-2 gene
family, and its protein product promotes cell survival
and Mcl-1-positive MCL tumors have been shown to
have a higher frequency of blastoid/large-cell mor-
phology, and higher Ki67 immunolabelling.39 Using
RNA expression profiling, Rosenwald et al. have iden-
tified a set of 48 genes that stratify MCL patients into
subsets that differ by more than 5 years in median sur-
vival.5 These recent elucidations in the biology of this
disease, we hope, will in turn result in better diagnos-
tics, prognostics, and treatments for MCL.

PROGNOSTIC FACTORS

Tumor-associated prognostic features are related to the
morphologic pattern—the mantle zone variant tends to
behave more indolently while the blastoid variant is

aggressive.40 Clinical prognostic factors for MCL include
poor performance status, anemia, splenomegaly, and
advanced age.23 Mutations in p53, abnormalities in the
CDK inhibitors p16–p21, a high Ki67 staining index,
unmutated IgVH gene, elevated �2M, and overexpres-
sion of topo II. �. are all usually associated with aggressive
behavior.

TREATMENT APPROACHES

Prognosis remains poor in MCL, and patients who
respond to treatment usually relapse. There is currently
no standard treatment for the disease. Conventional
treatment of MCL results in response rates of 20–60%.
The disease invariably recurs and the median survival
in this disease is approximately 3 years. Therapeutic
options are continually being refined as the clinical
methods of classifying MCL evolve and as the biology
elucidates the histologic and cytogenetic characteristics
of MCL subtypes.

CHEMOTHERAPY
Currently, the initial treatment for MCL is similar to
that for other aggressive lymphomas. An anthracycline-
based approach is the standard even though random-
ized clinical studies have not proven a survival advan-
tage with anthracycline-containing regimens over
nonanthracycline-containing regimens.41–43 Meusers
and colleagues reported the results of a randomized
study comparing CVP (cyclophosphamide, vincristine,
and prednisone) to CHOP (cyclophosphamide, adri-
amycin, vincristine, and prednisone) chemotherapy in
63 MCL patients.42 No significant difference was found
in response rate and overall survival (OS). A second ran-
domized study compared two anthracycline-containing
regimens with CVP.41 The response rate was better with
the anthracycline regimens, but the median survival
was equal in both groups. A third randomized study
compared PmM (prednimustine, mitoxanthrone) with
CVP.43 The response rate and the event-free survival
(EFS) were better with PmM, but the median overall
response rate (ORR) was the same in both groups. 

The most commonly used regimen is CHOP. With
this the complete response (CR) rate is 20–80%,
median failure-free survival (FFS) is 10–16 months, and
median OS is 3 years. Several approaches have been
used to intensify CHOP. In one phase II prospective
study of 28 patients with aggressive MCL, complete
responses following four cycles of CHOP chemother-
apy were seen in only 7%. In the same study, the addi-
tion of Dexamethasone, Cytarabine, Cisplatin (DHAP)
to CHOP in a sequential fashion demonstrated a com-
plete response in 84% of the remaining patients com-
pared to CHOP alone.44

The MD Anderson group has used an intensive
leukemic regimen, hyper-CVAD (high-dose methotrex-
ate and cytosine arabinoside in combination with a
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dose intense CHOP-like combination: hyper-fraction-
ated cyclophosphamide, vincristine, doxorubicin, and
dexamethasone), for up to 8 cycles. Several reports by
the MD Anderson investigators have been published
with this regimen. The number of cycles of therapy
have varied between four and eight depending on
whether or not autologous stem cell transplant (ASCT)
was done as part of primary treatment, and several
reports have also included patients for whom this reg-
imen was used as salvage therapy. In one report of
patients �65 years treated with hyper-CVAD as pri-
mary treatment,45 the ORR was 92% (95% C.I. 73–99)
with a CR rate of 68% (95% C.I. 46–85). At a median
follow-up of 17 months, the median FFS for the entire
group was 15 months. Hematologic toxicity was sig-
nificant, but only 5% of the cycles were associated
with grade 3 infection. In another study of 45 patients
with advanced stage MCL (50% previously treated),
subjects received four cycles of hyper-CVAD and those
who achieved a CR went on to ASCT. The ORR was
93.5% (CR, 38%, and partial remission (PR), 55.5%).46

The previously untreated patients had a 3 year OS and
EFS of 92% and 72%, respectively. This was higher
than CHOP or CHOP-like treated historical controls at
this institution, who had a 3-year OS and EFS of 25%
and 17%, respectively. A similar observation has been
reported in a study comparing hyper-CVAD induction
chemotherapy with CHOP or CHOP-like induction
followed by ASCT, with superiority being shown  in
the hyper-CVAD induction group.47 Both of these
reports should be viewed with caution as they are ret-
rospective in nature, treatment groups were not well
matched, and all of the patients received ASCT after
hyper-CVAD treatment. Despite the lack of random-
ized studies evaluating the different treatment regi-
mens for MCL, it appears that the newer approaches
(i.e., hyper-CVAD or DHAP) may result in superior
ORR compared to CHOP or CHOP-like therapy.
Whether the improved remission rates translate into
improved survival is unclear as the median follow-up
of all these studies is short (�3 years). Patients should
be enrolled on clinical trials in order to evaluate these
new approaches. 

ROLE OF ANTIBODY THERAPY AND 
OTHER IMMUNOTHERAPIES
MCL is a B-cell malignancy that expresses CD20.
The anti-CD20 antibody, rituximab, has been stud-
ied as a single agent in MCL with response rates of
20–40%.28,48–50

In vitro and clinical observations in patients with
follicular NHL suggest that the effect of rituximab
might be enhanced by the synergistic effect of
chemotherapy. Based on these observations, rituximab
and CHOP (R-CHOP) induction therapy in patients
with newly diagnosed MCL has been evaluated51 In a
phase II trial, 40 previously untreated patients with
stage II through IV MCL were treated with six cycles of

R-CHOP. Forty-eight percent of patients achieved a
complete response (CR)/CR unconfirmed (CRu), and
48% of patients obtained a partial response (PR), with
an ORR of 96%. However, 28 of the 40 patients have
already relapsed or developed progressive disease with
a median PFS of 16.6 months. Twenty-five patients had
PCR-detectable BCL-1/IgH or clonal IgH products in
peripheral blood or bone marrow at diagnosis and nine
of these had no evidence of PCR-detectable disease in
peripheral blood or bone marrow after R-CHOP ther-
apy. Despite molecular remissions, patients had similar
clinical outcomes and PFS. R-CHOP has also been eval-
uated in a prospective randomized study by the
German lymphoma study group (GLSG). Previously
untreated patients with advanced disease were ran-
domly assigned to receive conventional CHOP or R-
CHOP. In early responders who achieved a CR after four
cycles, no further induction was given. All other
responding patients received six cycles of CHOP or R-
CHOP followed by alpha-interferon maintenance ther-
apy or a myeloablative consolidation followed by ASCT
depending on the patient’s age. One hundred and
twenty two patients were evaluated prior to transplant,
and R-CHOP was reported to result in a significantly
superior CR rate compared to CHOP alone (34% vs. 7%
p 
 0.00024). Also, the addition of rituximab improved
the ORR by approximately 20% in comparison to
chemotherapy alone (94 % vs. 75%, p 
 0.005). The
time to treatment failure was significantly longer in the
R-CHOP group, but time to progression was not signif-
icantly different.52

Rituximab has also been evaluated in combination
with other agents. The GLSG has also reported prelimi-
nary results of a prospective randomized trial of ritux-
imab in combination with FCM (fludarabine, cyclophos-
phamide, mitoxantrone) compared to FCM alone in
patients with relapsed or refractory MCL 54. A total of
four courses were given. An ORR of 62% versus 43% was
observed in favor of the RFCM group, with a signifi-
cantly longer OS (p � 0.005) 53–56

These two randomized trials of the GLSG suggest
that both in previously treated and relapsed MCL, CR
rates were increased by approximately 30% and ORR
by 20% with combined immunochemotherapy. 

The MD Anderson group has evaluated rituximab
with hyper-CVAD. Compared to prior studies with
Hyper-CVAD alone, rituximab 375 mg/m2 was added
on day 1 of the first 6 courses and ASCT was not given
to patients who achieved a CR within six courses of
treatment. Seventy-seven previously untreated patients,
median age 62, all with stage IV disease were treated
with R-hyper-CVAD.57 Fifty six patients received at least
six cycles and were used as the denominator for
response assessment. The CR rate was 90%. At a median
follow-up of 14 months, the 2-year FFS and OS were
72% and 90%, respectively. In a subset analysis evaluat-
ing outcome according to age, patients �65 years
treated with R-hyper-CVAD without ASCT did not have
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a significantly different outcome compared to historical
controls who received the same hyper-CVAD regiment
with ASCT. In patients �65 years, there was a trend
favoring the R-hyper-CVAD. These reports suggest that
the addition of rituximab to standard induction regi-
mens appears to result in improved response rates.
Again, longer follow-up is required to assess if any
impact has been made on survival.

TRANSPLANTATION
Stem cell transplantation can improve survival in other
NHLs. This treatment has also been applied to MCL
with mixed results.58–60 Most studies have used this
approach in patients with relapsed or refractory disease.

There is emerging data suggesting that ASCT used
earlier in the course of disease has a greater benefit.58

Dreger et al. examined the impact of ASCT on the
prognosis of MCL in two prospective studies with 46
patients. ASCT in these studies was not curative but, if
given as intensive  first line treatment, prolonged the
time to progression.61 More recently, a study evaluat-
ing 28 patients who underwent B cell purged ASCT fol-
lowing CHOP induction showed DFS and OS of 31
months and 50 months, respectively. At 5 years, 20 of
28 patients died and only 4 had no evidence of dis-
ease.62 Another prospective study evaluated 21/28
patients with newly diagnosed stage III or IV MCL who
achieved a CR with induction therapy and then
received ASCT. The 3 year EFS and OS were 83% and
90%, respectively.44 Another trial used dose-escalating
CHOP chemotherapy for induction followed by ASCT.
These patients were not required to have a CR to go on
to ASCT, and only 11 of 41 patients had a CR. Twenty-
four of the transplant patients achieved or maintained
a CR, and the 4-year OS and FFS rates were 51% and
15%, respectively with a median FFS of 2.5 years, simi-
lar to conventional chemotherapy.63,64 Interestingly,
80% of the patients who achieved an initial CR prior to
transplant were alive without disease at 4 years.

Retrospective studies have reached similar conclu-
sions. A retrospective study done in Finland showed
similar DFS data with ASCT to prospective trials.65

Retrospective data supported the use of ASCT early in
disease.66 Specifically, an analysis of the European
Blood and Bone Marrow Transplant registries of 195
MCL patients treated with ASCT reported on OS/PFS at
2-year and 5-year were 76%/55% and 50%/33%,
respectively. Patients who were transplanted in  first CR
were 33% less likely to die from MCL than patients
with chemosensitive disease who were transplanted
later. Another study evaluating the effect of early trans-
plant in MCL was a retrospective analysis of 69 patients
at Stanford and City of Hope who underwent ASCT
with or without ex vivo graft purging.67 Patients who
were in  first CR at the time of transplant (39%) had an
estimated 3- and 5- year OS/DFS rates of 93%/74% and
77%/50%, respectively. In comparison, the OS/DFS
rates at 3- and 5- years for patients who were not in 1st

remission at the time of transplant were 64%/51% and
39/21%. The median time to relapse in the group trans-
planted in  first CR was 32 months compared to 10.5
months. Additionally, the relapse rate was lower: 19%
versus 50%. Together, these studies clearly demon-
strate the need for good induction regimens for MCL.
Alternatively, the subset of MCL that is chemo-
responsive may represent the only subset that benefits
significantly from ASCT. 

Hyper-CVAD induction treatment for MCL in com-
bination with transplant has also been evaluated.46

After four courses of hyper-CVAD, 45 patients were
consolidated with high-dose cyclophosphamide, total-
body irradiation, and autologous or allogeneic blood
or marrow stem-cell transplantation (43/45 patients
had Ann Arbor stage IV disease). For the 25 previously
untreated patients, the OS and (EFS) rates at 3 years
were 92% (95% CI,  80 to 100) and 72% (95% CI, 45 to
98) compared with 25% (95% CI, 12 to 62; P 
 .005)
and 17% (95% CI, 10 to 43; P 
 .007), respectively, for
the previously treated patients. When compared with
a historic control group who received a CHOP-like reg-
imen, untreated patients in the study had a 3-year EFS
rate of 72% versus 28% (P 
 .0001) and a better OS rate
(92% v 56%; P 
 .05).

Another recent study using hyper-CVAD induction
followed by ASCT in patients with MCL68 resulted in 5-
year DFS and OS of 43% and 77%, respectively. The
patients in the study had untreated MCL, with �10%
MCL in the marrow at the time of ASCT and other favor-
able characteristics and only patients who had achieved
a CR went on to transplant.

Thus, it appears that at least for patients with
chemosensitive disease, ASCT as consolidation follow-
ing chemotherapy induction may be associated with an
improved outcome. The optimal induction regimen has
not been addressed in a randomized study. A retrospec-
tive analysis by Conde et al. evaluated the induction
regimens used for MCL.47,63 An international database
of 119 patients with MCL who had received ASCT
between 1988 and 2002 was evaluated. The induction
regimens were primarily hyper-CVAD and CHOP-like
therapy, and 50/119 patients had CR at transplant. The
conditioning regimens varied and the CR rate after
transplant was 87%. The estimated OS and DFS were
impressive at 50% and 32%, respectively. There was a
median DFS of 38 months and 50% survival rate at 10
years in this study. Comparing the induction regimens,
it was found that hyper-CVAD was superior in this
analysis to CHOP or CHOP-like regimens; however, the
patients who received hyper-CVAD had fewer adverse
prognostic features (bulky disease, advanced stage, high
LDH). Despite these differences, the authors report that
in the hyper-CVAD group the DFS at 4-years was 68%
compared to 33% in patients treated with CHOP or
CHOP-like therapy. It should be noted that none of
these regimens employed rituximab along with the
induction chemotherapy. Retrospective data from MD
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Anderson suggests that R-hyper-CVAD was equivalent
in outcome when compared to hyper-CVAD followed
by ASCT. This suggests that more effective induction
regimens that use immunotherapy upfront may be
good alternative strategies. It is imperative to enroll
patients in well designed prospective clinical trials to
evaluate the role of these newer therapies. 

Methods to assess molecular remission posttrans-
plant have been evaluated and appear to be predictive
of a prolonged disease-free survival.69 Sixteen patients
with MCL treated with ASCT were examined using
PCR based strategies to evaluate residual tumor cells
posttransplant. Molecular remission in this group was
found in only 12.5%. There is a suggestion that cyclin
D1/IgH-probe fusion fluorescence in situ hybridization
analysis may provide additional information for evalu-
ating the character of circulating MCL cells in periph-
eral blood and MRD.70 Although this type of method-
ology needs to evolve fully, these types of methods
may aid in the evaluation of response to different
induction and high-dose therapy. 

ROLE OF PURGING
MCL is particularly resistant to purging. 71 The efficacy
of immunological purging was assessed by using poly-
merase chain reaction (PCR) for minimal residual dis-
ease (MRD) on 26 MCL patients undergoing trans-
plant. All patients had MRD detected by PCR after
transplant irrespective of prior history of bone marrow
involvement. This study demonstrated that reinfusion
of stem cells with MRD was associated with a poor out-
come. In addition, one study demonstrated that
despite using anti-B-cell monoclonal antibody for ex
vivo purging of the autograft, 88% of the autografts
still had evidence of lymphomatous contamination.62

The use of in vivo purging using rituximab is promis-
ing, with evidence of clinical and molecular remis-
sions.72,73 Gianni et al treated 28 patients with MCL
younger than 60 years who completed at least 6 cycles
of CHOP-like chemotherapy. Patients were treated
with three cycles of cisplatin or doxorubicin-based
debulking chemotherapy followed by high-dose
sequential therapy with rituximab and ASCT. The 54-
month OS and EFS rates were 89% and 79%, respec-
tively as compared to rates for historical controls of
42% and 18%. Interestingly, clinical and molecular
remission was found in 20/20 patients tested following
in vivo purging, but not following debulking
chemotherapy or following mobilization. Another
study showed PCR negativity following transplant and
in vivo purging with rituximab.74 In this study,
patients were treated with chemotherapy and subse-
quently received high-dose cytosine arabinoside and
rituximab as in-vivo purging. Twelve patients were
evaluable for molecular remission. Ten of the 12
patients achieved PCR negativity posttransplant. 

Two studies have suggested that posttransplant rit-
uximab increases the clinical and molecular response

rate of MCL patients receiving ASCT.75,76 In one study
of advanced stage MCL, all patients who received post-
transplant rituximab were alive without clinical or
molecular relapse at 239 days posttransplant.75 The
treatment was well tolerated and encouraging, albeit
longer follow-up is needed. 

Cumulatively, these approaches employing ritux-
imab either in vivo for purging or posttransplant sug-
gest that molecular and clinical remission may play a
role in the long term outcome. Again, none of these
studies have a long enough follow-up to assess the
impact on OS.

ALLOGENEIC TRANSPLANTATION
Allogeneic transplantation has only been evaluated in
patients with refractory MCL, and it has been shown
to induce durable remissions in some cases.77 Twenty
MCL patients underwent allogeneic transplant using a
myeloablative regimen at the University of Nebraska.78

Nine of 20 patients are alive and disease-free 1–9 years
posttransplant. A trial investigating nonmyeloabla-
tive transplant in 18 patients with MCL who had
failed multiple prior chemotherapies, including 28%
who had failed prior ASCT, has been published. CR was
achieved in 17 of 18 patients, and with a median fol-
low-up of 26 months the estimated 3-year survival rate
and current PFS was 85.5% and 82%, respectively.77

RADIOIMMUNOTHERAPY
Radioimmunotherapy (RIT) is an attractive therapeu-
tic option for patients with NHL, as these are radiosen-
sitive tumors. The two clinically available radioim-
munoconjugates are iodine 131I tositumomab (Bexxar)
and ibritumomab tiuxetan (Zevalin) using yttrium-90.
These have been used extensively in patients with
indolent lymphoma, but little experience is available
in MCL. 

In a study from Seattle, Gopal and colleagues exam-
ined the role of 131 I-radiolabeled (Tositumomab) in
relapsed MCL.79 The antibody dose was 1.7 mg/kg body
weight, and the normal amount of 131 I was calculated
to deliver 20–25 Gy to vital normal organs. The treat-
ment was followed 10 days later by administration of
high-dose etoposide (30–60 mg/kg), cyclophosphamide
(60–100 mg/kg), and infusion of cryopreserved autolo-
gous stem cells. A total of 16 patients were treated with
a median number of 3 prior therapies and 7 with
chemotherapy resistant disease. In 11 patients with
measurable disease the CR and OS were 91% and 100%,
respectively. Fifteen patients were alive at the time of
evaluation and 12 had no progression of lymphoma at
6–57 months from transplant and 16–97 months from
diagnosis. The ORR at 3 years from transplant was esti-
mated at 93% and PFS at 61%. These results are encour-
aging and warrant further investigation.

The role of RIT in the upfront management of
MCL is also being assessed. In an ongoing trial, the
Eastern Cooperative Oncology Group is evaluating
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radioimmunotherapy after R-CHOP induction
chemotherapy. While R-CHOP may be an effective
induction regimen for MCL, it is not sufficient for
durable remission. In this trial, patients who respond
to R-CHOP are treated with 90Yttrium-ibritumomab
(Zevalin).

OTHER IMMUNOTHERAPIES
Interferon may offer another immunotherapeutic option
in MCL. Phase II studies have demonstrated a potential
for longer progression-free survival with the addition of
maintenance Interferon-�.80,81 This warrants further
investigation in randomized trials. In addition, idiotype
vaccines as adjuvant to immunotherapy are under inves-
tigation.82,83

NEWER AGENTS
Bortezomib is a potent and specific proteosome
inhibitor that down regulates the NF-kB pathway.
Recently, two studies have reported encouraging activ-
ity with this agent in patients with relapsed/refractory
MCL.84,85 Fifty-three percent of patients (8/15) had a
response, with a median duration of 3 months. One
relapsed MCL patient was retreated and achieved a sec-
ond PR lasting 4� months.85 The mechanism of antitu-
mor activity in MCL is not known, though the biology
of MCL provides some clues. Reduced expression of
P27 and loss of normal P53 function are both associ-
ated with a poor prognosis in MCL. The intracellular
levels of P27 and P53 are both modulated by proteoso-
mal degradation86,87 It is possible that inhibition of the
proteosome by bortezomib may contribute to its activity
in MCL.

Thalidomide in combination with rituximab was
evaluated in relapsed/refractory MCL patients, and
impressive antitumor activity has been reported.88,89

In one study, 16 patients with relapsed/refractory MCL
were treated with rituximab at 375 mg/m2 for four

weekly doses concomitantly with thalidomide. Eighty-
one percent (13/16) experienced an objective response
with 5 achieving a CR (31%). The median PFS was 20.4
months (95% CI, 17.3–23.6), and estimated 3-year sur-
vival was 75%.88 There were three severe adverse events:
two thromboembolic and one grade IV neutropenia.
The encouraging antitumor effect warrants further
investigation in MCL.

SUMMARY AND FUTURE DIRECTIONS 

MCL is an aggressive lymphoma that generally presents
in advanced stages and has a median survival of about
3 years. Despite response to chemotherapy, the disease
typically recurs within 1 year of therapy. Improved
induction therapy using intensive regimens appear to
increase the time to progression. Rituximab and radio-
labeled anti-CD20 monoclonal antibodies have shown
encouraging results when added to chemotherapy and
stem cell transplantation. Rituximab also appears to
improve clinical and molecular responses in patients
when used for posttransplant consolidation and in
vivo purging. Nonmyeloablative transplant is being
evaluated as another promising treatment option
which will be useful in the older patient population. As
the field evolves, defining a MCL molecular signa-
ture, which identifies alterations in gene sets which
are associated with molecular, phenotypic and clinical
distinctions in this disease, will impact treatment
decisions.30,90 By using molecular profiling, we may
be able to identify subsets of patients with indolent or
aggressive MCL or subsets of genes that predict treat-
ment responses.30,91–93

As the optimal approach to the management of
patients with MCL is still evolving, it is critical that
these patients are enrolled in clinical trials to identify
better treatment options.
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TREATMENT APPROACH TO 
HIGH-GRADE NON-HODGKIN’S
LYMPHOMAS
John W. Sweetenham 

The development of the Revised European American
Lymphoma Classification and the subsequent World
Health Organization (WHO) Classification of tumors
of the hematopoietic and lymphoid tissues has
resulted in a departure from the traditional “grading”
of non-Hodgkin’s lymphomas (NHLs) intrinsic to
older lymphoma classifications, particularly the
Working Formulation.1 Despite this, the designation
of high-grade NHL is generally considered to encom-
pass Burkitt’s lymphoma and precursor B-cell and 
T-cell lymphoblastic lymphoma/leukemia. Additionally,
the entity of “atypical” Burkitt/Burkitt-like lymphoma,
used to identify a group of aggressive B-cell NHLs with
features in common with Burkitt’s lymphoma (BL) and
diffuse large B-cell NHL (DLBCL), is also included in this
group of diseases.

PRECURSOR B- AND T-CELL
LYMPHOBLASTIC LYMPHOMA

INTRODUCTION
Precursor T-cell and B-cell lymphoblastic leukemia and
lymphoma are malignant diseases of lymphoblasts.
Historically, the term lymphoblastic lymphoma (LBL)
has been used to describe these diseases when they
present with prominent nodal involvement and less
clinically apparent involvement of the bone marrow
or peripheral blood. LBL has been recognized as a dis-
tinct entity in most lymphoma classifications includ-
ing the Working Formulation and Kiel classifications.
However, since it is now clear that precursor LBL and
leukemia are identical morphologically, and at the
immunophenotypic and genotypic levels, they are rec-
ognized as a single entity in the WHO classification of
lymphoid malignancies. Despite this, the clinical man-
agement of patients with predominantly nodal
involvement has developed separately from that for
lymphoblastic leukemias, and as a result, the treat-

ment approach for LBL is different from that previ-
ously adopted for acute lymphoblastic leukemia (ALL).
This is further confounded by the fact that the clinical
distinction between LBL and ALL has varied between
centers and between publications, making the litera-
ture on this subject difficult to interpret.

FREQUENCY
LBL is a rare disease, comprising 2% of all NHLs.2

Eighty-five to ninety percent of adult cases are of T-cell
origin and occur most frequently in adolescent and
young adult males.3–6 The median age for patients with
LBL is around 20 years, with most series reporting male
predominance. There has been no apparent change in
the incidence of LBL in recent years. 

CLINICAL FEATURES
LBL has a peak incidence in the second and third
decades. Characteristic presenting features include
male predominance, mediastinal involvement, occur-
ring in 60–70% of patients, reflecting the thymic ori-
gin of the malignant cells in LBL, and pleural and peri-
cardial effusions, sometimes with resulting cardiac
tamponade. Symptoms and signs of superior vena
caval obstruction may be present. Mediastinal masses
are uncommon in patients with B-cell LBL. Peripheral
lymph node involvement is present in 60–80% of the
patients at diagnosis, most commonly in cervical,
supraclavicular, and axillary regions. 

LBL commonly involves the bone marrow and cen-
tral nervous system (CNS). The frequency of bone mar-
row involvement at presentation is difficult to deter-
mine from published series in view of the variable
distinction between LBL and ALL. In a recent prospec-
tive study from Europe, 21% of the adult patients with
LBL had bone marrow involvement at presentation.7

Leukemic overspill is also common, but the frequency
is obscured by inconsistent distinction between LBL
and ALL.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



CNS involvement is uncommon at presentation,
occurring in approximately 5–10% of the patients.
Typical manifestations of CNS involvement include
meningeal involvement with a pleocytosis in the
cerebrospinal fluid, or cranial nerve involvement,
characteristically involving ophthalmic or facial
nerves. Several reports suggest that CNS involvement
at presentation is more common in patients with
bone marrow involvement. Although CNS involve-
ment at presentation is uncommon, it is a frequent
site of relapse in the absence of adequate prophy-
laxis, when the incidence of relapse has been
reported to be as high as 31%.8 Other less common
sites of involvement include the liver, spleen, and
subdiaphragmatic lymph nodes, as well as bone,
skin, and testes.

PATHOLOGY AND PATHOGENESIS
Precursor T- and B-cell LBLs are neoplasms of lym-
phoblasts of T- and B-cell lineage, respectively.
Morphologically, they are very similar, comprising
small- to medium-sized blast cells with little cyto-
plasm, inconspicuous nucleoli, and moderately con-
densed to dispersed chromatin.4 Convoluted nuclei
are sometimes seen, but this has no clinical signifi-
cance. Extensive mitotic figures are usually seen and
widespread apoptosis is a common feature. The pres-
ence of apoptotic bodies being phagocytosed by
macrophages produces the “starry sky” pattern typical
of high-grade NHLs. Although this appearance is more
characteristic of BL, it occurs relatively frequently in
lymphoblastic disease, and in most cases, there are
clear morphologic distinctions between the two enti-
ties. Additionally, immunohistochemical and cytoge-
netic features of the two diseases are distinct, so that
diagnostic confusion is rare. However, the distinction
of lymphoblastic disease from other NHLs subtypes
can be obscured in poorly processed or fixed tissue
specimens. Additionally, lymphocyte-rich thymomas
have similar morphologic features, but can usually be
distinguished on the basis of the epithelial distribution
characteristic of thymoma.

The typical immunophenotype for T- and B-cell LBL
is summarized in Table 56.1.9–13 Most cases of T-cell dis-
ease have clonal rearrangement of T-cell receptor genes,
most commonly �, although this finding is not specific
to T-cell lineage, and may also be seen in B-cell disease.
Chromosomal translocations involving T-cell receptor
genes have little value diagnostically, although they
provide important information regarding the patho-
genesis of lymphoblastic disease (see below).

One-third of patients have chromosomal transloca-
tions involving the � and � T-cell receptors (14q11.2),
the � receptor (7q35), or the � receptor (7p14-15).14

These translocations typically result in high levels of
coexpression of T-cell receptor genes with transcrip-
tion factor genes (TAL1/SCL, TAL2 and LYL1, and
HOX11/TLX1).15–17 These patterns of gene expression

also characterize different stages in thymocyte matura-
tion which, according to recent microarray studies,
may identify specific molecular subtypes of lym-
phoblastic disease.18 As an example, samples with gene
expression profiles associated with TAL1 or LYL1
expression are similar to late cortical thymocytes, have
relatively high expression of bcl-2, and demonstrate
higher levels of drug resistance and a poorer prognosis.

PROGNOSTIC FACTORS
Determining prognostic factors in lymphoblastic dis-
ease has been difficult, partly because of the rarity of
this disease, and the limited sample size in most pub-
lished reports, and partly because of the variable crite-
ria for distinguishing between LBL and lymphoblastic
leukemia.

Retrospective studies of patients with LBL have
identified adverse clinical prognostic factors for overall
and disease-free survival.19–21 Few of these have been
consistent across different series. 

Coleman et al.8 identified favorable and unfavor-
able risk groups in a series of 44 patients treated at
Stanford University on the basis of Ann Arbor stage IV,
bone marrow or CNS involvement, and serum lactate
dehydrogenase (LDH) level �300 IU/L (normal 
 200
IU/L). Patients with these factors were considered poor
risk, with a 5-year freedom from relapse of only 19%.
Good-risk patients, who lacked these factors, had a 
5-year freedom from relapse rate of 94%. 

The applicability of the International Prognostic
Index (IPI) for aggressive NHLs has also been investi-
gated. A retrospective series of 62 patients from France
concluded that the IPI did not have prognostic signifi-
cance in adults with LBL.22 Similarly, a retrospective
analysis of 26 patients with LBL was reported by the
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Table 56.1 Immunophenotype of precursor 
lymphoblastic leukemia/lymphoma. Summarized from 
references 9–13

TdT

CD99

CD34

slg

CD7 CD79a

CD5 CD19

CD2 CD20���

sCD3�

cCD3�

CD4 �/�

CD8 �/�

T cell B cell
(85–90%) (10–15%)



Non-Hodgkin’s Lymphoma Classification Project.23

The number of IPI risk factors was not predictive of
overall or failure-free survival. 

The utility of the IPI was also investigated in a
European randomized trial in adult patients,7 repre-
senting the only prospectively collected data set in an
unselected population. This study showed a statisti-
cally significant trend for lower overall survival with
an increasing number of adverse factors according to
the age-adjusted IPI ( p = 0.016). However, although
there was a clearly inferior survival in patients with
three adverse factors, there was little distinction
between those with zero, one, or two factors, and the
value of the IPI as a prognostic model remains
unclear.

Data regarding immunophenotypic and genetic risk
factors in precursor lymphoblastic disease have been
exclusively derived from patients with lymphoblastic
leukemias. In adult patients with T-cell ALL, expres-
sion of T-cell antigens including CD1, CD2, CD4, and
CD5 has been associated with a favorable prognosis. In
the Cancer and Leukemia Group B 8364 study, overall
and disease-free survival correlated with the number of
T-cell antigens expressed. 24

Gene expression profiles have identified subtypes of
precursor T-cell lymphoblastic disease characterizing
different stages in thymocyte maturation, which may
identify prognostic subgroups.18 Patients with HOX11
expression show a pattern of gene expression corre-
sponding to the early cortical thymocyte. This group
has a favorable clinical outcome. These cells are appar-
ently developmentally arrested at a stage at which they
are particularly sensitive to drug-induced apoptosis.

In contrast, those samples with gene expression
profiles associated with TAL1 or LYL1 expression
resemble late cortical and early pro-T thymocytes,
respectively, and show more drug resistance and corre-
spondingly higher levels of bcl-2.

For patients with B-cell disease, most studies have
been reported from childhood B-cell ALL series.
Translocations involving the MLL gene at 11q23 predict
for unfavorable outcome, as does the t(9;22)(q34;q11.2).
Hyperdiploid karyotype, trisomy 4, 10, and 17 are favor-
able risk factors.

TREATMENT
Studies conducted in the 1960s in LBL used chemother-
apy regimens developed for the treatment of less clini-
cally aggressive types of NHL.4,5,22,25,26 These studies
reported poor outcomes. For example, Nathwani et al.
reported results in 95 patients (children and adults)
treated on various protocols that did not include CNS
prophylaxis.4 Patients with leukemic involvement
were included in these series. The complete response
rate was 24%, and the median survival was 17 months,
with less than 10% of patients alive and disease free at
5 years. Similar results were reported for other similar
chemotherapy regimens. 

The use of intensive chemotherapy and radiation
protocols in childhood LBL resulted in substantial
improvements in outcome. Long-term disease-free sur-
vival rates between 60 and 80% were reported for chil-
dren treated with regimens such as LSA2L2. A random-
ized trial in childhood LBL, comparing LSA2L2 with
COMP (cyclophosphamide, vincristine, methotrexate,
prednisone) demonstrated a 2-year actuarial failure-
free survival of 76% for the LSA2L2 arm compared with
only 26% for those receiving COMP ( p = 0.0002).27

Subsequently, chemotherapy/radiotherapy regi-
mens similar in design to LSA2L2, adapted from those
in adult ALL, have been applied to adult patients with
LBL.8,19,20,28–30 Most of these regimens are character-
ized by intensive remission induction chemotherapy,
CNS prophylaxis, a phase of consolidation chemother-
apy, and a prolonged maintenance phase, often lasting
for 12–18 months.

Results from some of these regimens are summa-
rized in Table 56.2. A recent study from MD Anderson
Cancer Center has explored the use of hyperCVAD
(fractionated cyclophosphamide, vincristine, doxoru-
bicin, and dexamethasone, alternating with high-dose
methotrexate and cytosine arabinoside) in 33 adult
patients with LBL. Intrathecal CNS prophylaxis was
given and mediastinal radiation was recommended
(although not always given) to all patients with medi-
astinal presentations. They reported a 91% complete
remission rate, and 3-year actuarial progression-free
and overall survival rates of 66 and 70%, respectively.31

Since all of these series are small, differences in
reported outcomes are unlikely to be significant.
Results from the unselected patient series reported by
the Non-Hodgkin’s Lymphoma Classification Project
are inferior to this, with a reported 5-year actuarial
overall survival of only approximately 20%.32 This
may reflect selection bias in the clinical series.

RADIATION THERAPY
In addition to the use of prophylactic cranial radiation
for prevention of CNS disease, some protocols have
included mediastinal radiation for patients who pre-
sent with isolated or bulky mediastinal disease. The
benefit of this approach is unknown. A report from MD
Anderson Cancer Center described 47 patients over an
18-year period who received mediastinal radiation as a
component of their initial induction therapy.33 The use
of mediastinal irradiation was associated with a lower
incidence of mediastinal relapse, but had no effect on
failure-free or overall survival. The 5-year overall and
progression-free survival rates of 66 and 64% reported
in this series are comparable to many other regimens
that do not include mediastinal radiation.

STEM CELL TRANSPLANTATION AS CONSOLIDATION
THERAPY IN FIRST REMISSION
Several groups have investigated of the role of high-
dose therapy with autologous or allogeneic stem cell
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transplantation in first remission, in an attempt to
reduce the relatively high rate of relapse after induc-
tion therapy.23,34–36

Reported results of this approach, summarized in
Table 56.3, have appeared superior to those achieved
with conventional dose consolidation and mainte-
nance chemotherapy. Long-term disease-free survival
in most of these series has been between 60 and 80%,
but most of these studies have conducted survival
analyses from the date of stem cell transplantation, and
have therefore selected for patients who respond to ini-
tial induction therapy, and who are likely to represent
a more favorable group. Very few of these studies have
included a true intent to treat analysis. One such study

has been reported by Jost et al. in which all patients
were followed from the date of diagnosis. The 3-year
actuarial overall and event-free survival rates were 48
and 31%, respectively.35 These results are comparable to
those reported for conventional dose first-line therapy.

A small randomized trial has compared the use of
high-dose therapy and autologous stem cell transplan-
tation with conventional dose consolidation and
maintenance therapy as postremission therapy in
adult patients with LBL.7 This study included 119
adult patients who were treated with intensive induc-
tion therapy, 111 of whom were assessable for
response. The overall response rate was comparable to
other series, at 82%. However, of 98 patients eligible

Part III ■ LYMPHOMA568

Table 56.2 Results of intensive combination chemotherapy regimens in adults with lymphoblastic lymphoma

Number Failure-free survival/ 
Reference Regimen of patients Response rate relapse-free survival Overall survival

Coleman8 ALL-type protocols, 44 100% 3-year FFS 
 56% 3 years 
 56%
intensified CNS (95% CR, 5% PR)
prophylaxis in the second

Slater 19 Various ALL protocols 51 80% CR for non N/A 5-year actuarial
leukemic; 77% OS 
 45%
CR for leukemic

Bernasconi20 Various ALL protocols 31 77% 3-year RFS 
 45% 3-year 
 59%

Morel21 CHOP plus various 80 82% CR 46% at 30 months 51% at  
ALL protocols 30 months

Levine28 Modified LSA2L2 15 73% CR 5-year actuarial 5-year actuarial
27% PR FFS 
 35% OS 
 40%

Weinstein29 APO 21 95% CR 3-year actuarial 5-year actuarial
FFS 
 58% OS 
 69%

Hoelzer30 Two ALL-type protocols, 45 93% CR 7-year actuarial 7-year actuarial
including CNS and DFS 
 62% OS 
 51%
mediastinal irradiation

ALL, acute lymphoblastic leukemia; FFS, failure-free survival; RFS, relapse-free survival; OS, overall survival; CR, complete remission;
PR, partial remission.

Table 56.3 Results of first remission stem cell transplantation in adults with lymphoblastic lymphoma

Induction therapy/High-dose Number Failure-free survival/
Reference regimen/stem cell source of patients relapse-free survival Overall survival

Bouabdallah23 Various ALL-type induction regimens/ 62 (30 received 5 year EFS 
 58% 5 year 
High-dose cyclophosphamide and TBI/ bone marrow OS 
 60%
allogeneic and autologous BMT transplant in 

first CR)

Verdonck34 CHOP or ALL-like induction/high-dose 9 6/9 in long-term 6/9 long-term
cyclophosphamide and TBI/autologous remission survivors
BMT

Jost35 MACOP-B or VACOP-B induction/ 20 3-year EFS 
 31% 3-year 
high-dose cyclophosphamide and OS 
 48%
TBI or CBV/autologous BMT

Sweetenham36 Multiple induction and high-dose 105 6-year PFS 
 63% 6-year 
regimens/ autologous BMT OS 
 64%

ALL, acute lymphoblastic leukemia; EFS, even-free survival; OS, overall survival; PFS, pregression-free survival.
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for randomization, only 65 were actually randomized.
The 3-year actuarial relapse-free survival rate was 24%
for patients receiving conventional consolidation and
maintenance therapy, compared with 55% for those
receiving high-dose therapy and autologous stem cell
transplantation (p = 0.065). The corresponding values
for overall survival were 45 and 56% (p = 0.71). The
fact that there was a nonsignificant trend for improved
relapse-free survival in the transplant arm, but no dif-
ference in overall survival, may be due to the fact that
some patients who relapsed after conventional dose
consolidation therapy were “rescued” by high-dose
therapy in second remission. 

The role of allogeneic transplantation in first relapse
is also unclear. Limited prospectively collected data are
available. These were reported in the context of the
European randomized trial mentioned above. In this
study 12 patients with HLA-identical sibling donors
were treated with allogeneic transplantation in first
remission. The 3-year actuarial overall survival of 58%
for this group is comparable to results in patients
receiving autologous transplants. A recent study from
the International Bone Marrow Transplant Registry
compared outcomes for autologous and allogeneic
stem cell transplantation in adult patients with LBL.37

This study included a subset of patients undergoing
transplantation in first remission, although this subset
was not analyzed separately. Patients undergoing allo-
geneic transplantation in this series had a lower
relapse rate following transplant, but this was offset by
a much higher rate of nonrelapse mortality, resulting
in equivalent overall survival in both groups. At pre-
sent there are, therefore, no data to suggest that allo-
geneic transplantation is the optimal approach.

STEM CELL TRANSPLANTATION FOR RELAPSED 
OR REFRACTORY DISEASE
The use of conventional dose chemotherapy regimens
as salvage therapy produces response rates of less than
10% and median overall of only around 9 months.8,19–21

Some studies have investigated the role of autologous
stem cell transplantation in this situation. 

In a retrospective study from Europe, 41 patients
underwent high-dose therapy and autologous stem cell
transplantation in second complete remission.36 The 3-
year actuarial progression-free survival and overall sur-
vival for this group were 30 and 31%, respectively. The
sensitivity of the disease to conventional dose therapy
given prior to the transplant was predictive of out-
come. The 5-year actuarial overall survival for those
with chemosensitive relapse was 31% compared with
18% for those with chemorefractory disease.

Since patients in chemosensitive relapse have a
superior outcome compared to those with chemore-
fractory relapse, all relapsing patients should receive
conventional dose salvage therapy in an attempt to
induce a second remission prior to high-dose ther-
apy. However, even in those patients with refractory

disease, the reported long-term disease-free survival of
18% is superior to that achieved with conventional
dose salvage, and these patients should also be offered
high-dose therapy.

In view of the relatively young age of adult patients
with LBL, it is anticipated that their regimen-related
mortality after allogeneic transplantation is likely to
be relatively low. If a graft-versus-lymphoma effect
exists in this disease, then the low relapse rate
observed in patients who survive allogeneic transplan-
tation might result in improved overall survival com-
pared with autologous transplantation. A retrospec-
tive, case-controlled analysis from the European
Group for Blood and Marrow Transplantation (EBMT)
comparing autologous with allogeneic stem cell trans-
plantation reported a lower relapse rate for patients
receiving allogeneic compared with autologous stem
cell transplantation (2% vs 48%, respectively, p 


0.035).38 However, progression-free survival for both
groups was equivalent because of the higher procedure-
related mortality in the allogeneic group. Although one
other series has reported a superior outcome for
patients receiving HLA-matched allogeneic trans-
plants, this was also a small retrospective series.23

Patients proceeding to allogeneic transplant are likely
to be favorable in terms of age, performance status,
and time in remission prior to transplant–all factors
that might bias for improved survival.

The study mentioned above, from the International
Bone Marrow Transplant Registry, compared outcomes
for autologous and allogeneic stem cell transplanta-
tion in adult patients with LBL. No difference in sur-
vival was observed.37

BURKITT’S LYMPHOMA

BL is a rare tumor of mature B cells, thought to be of
germinal center origin. Clinically, it is a highly aggres-
sive disease, with frequent extranodal presentation,
which may present as an acute leukemia. It is com-
posed of monomorphic medium-sized B cells with
numerous mitotic figures and basophilic cytoplasm.
Single translocations involving the c-myc oncogene are
always present in this disease, and may help to distin-
guish it from other aggressive B-cell lymphomas.
Variant cases of BL, designated as atypical BL, Burkitt-
like lymphoma, and BL with plasmacytoid differentia-
tion are also recognized. 

FREQUENCY
Three distinct clinical variants of BL are recognized,
each of which has a distinct morphology and biologic
behavior.

Endemic Burkitt’s lymphoma
The original description of BL was based on this sub-
type of the disease, which occurs in equatorial Africa,



where it is the most common childhood tumor.39 It
shows male predominance and a peak incidence at 4–7
years. The areas of peak incidence appear to coincide
with the distribution of endemic malaria.40

Sporadic Burkitt’s lymphoma
This variant is seen throughout the world, and has a
peak incidence in children and young adults, with a
median age of about 30 years. It comprises between 1
and 2% of all NHLs in the United States of America
and Western Europe.41

Burkitt’s lymphoma in association 
with immunodeficiency
This variant is primarily seen in patients with acquired
immunodeficiency syndrome (AIDS), and may also
occur in other immune compromised patients, includ-
ing those who receive immunosuppressive therapy fol-
lowing solid organ or stem cell transplantation.42

CLINICAL FEATURES
The clinical characteristics of BL differ between
endemic and sporadic cases, although there is some
overlap between these two entities. Frequent extran-
odal sites of involvement are seen in all cases. The clas-
sical presentation of endemic BL, with a jaw tumor, is
seen in 50% to 70% of endemic cases, but less than
10% of sporadic BL.39,43,44

The majority of cases (around 90%) of sporadic BL
present with abdominal masses, frequently involving
the ileocecal region.45 Common presenting symptoms
therefore include abdominal pain and distension,
change in bowel habit, nausea and vomiting, and
occasionally, gastrointestinal bleeding or perforation.
Abdominal obstruction secondary to intussusception
may also occur. Retroperitoneal disease is common,
and may result in extradural extension and spinal cord
compression. Other frequent sites of involvement in
sporadic BL include bone marrow (20%), pleural effu-
sions (20%), and CNS disease (15%). Breast involve-
ment, although uncommon, is associated with onset
of the disease at puberty, or during pregnancy and lac-
tation, and is typically bilateral, and often very
bulky.46,47

CNS disease most commonly presents either with
cranial nerve palsies or with cerebrospinal fluid pleo-
cytosis.48 Numbness of the lip and chin, associated
with compression of the inferior alveolar nerve is rela-
tively frequent in patients with bone marrow disease,
presumably because this nerve passes through the
mandible. Although this is not, in itself, indicative of
CNS disease, it is a well-documented risk factor for
involvement of the CNS.49

PATHOLOGY AND PATHOGENESIS
Classical Burkitt’s lymphoma
This pattern is seen in almost all cases of endemic
BL, most cases of sporadic BL, and many cases of

immunodeficiency-associated disease. Affected tissues
are diffusely infiltrated by monomorphic, medium-
sized cells. A distinct “starry sky” pattern can be seen
as a result of the presence of benign macrophages
ingesting nuclear debris resulting from the apoptotic
death of the lymphoma cells. A very high proliferation
rate is characteristic of BL. “Squaring off” of the cyto-
plasm is a common feature, especially using mercury-
based fixatives such as B5.1

Variant BL with plasmacytoid differentiation
This variant is most commonly seen in BL associated
with HIV infection. Pleomorphism in nuclear shape
and size is more common than in classical BL. Nuclei
are often slightly eccentric, and nucleoli are frequently
single and central, giving the appearance of plasmacy-
toid immunoblasts.1,50 This results in a morphology
that has some features of diffuse large B-cell lym-
phoma.

Atypical Burkitt’s and Burkitt-like lymphoma
Atypical BL is characterized by a very high prolifera-
tion fraction (close to 100% Ki-67 or MIB-1 positive)
in association with evidence of the presence of c-myc
translocation.1,51 It differs from classical BL morpho-
logically in that there is greater nuclear pleomor-
phism and nucleoli are more prominent, but present
in lower numbers. The atypical morphologic features
are probably related more to tissue processing artifact
than to true biologic differences, and all other fea-
tures of this entity are identical to classical BL, with
the typical immunophenotype, including presence of
CD10, absence of bcl-2, and cytogenetic or molecular
evidence of a myc translocation as a single genetic
abnormality. 

Cases designated as Burkitt-like lymphoma are bio-
logically distinct from classical BL, and have some fea-
tures more consistent with diffuse large B-cell lym-
phoma.1,52 As such they represent “gray zone” cases.
Although these cases usually show a diffuse pattern of
lymph node infiltration, cases with a follicular pattern
are sometimes seen. High mitotic rates and a starry sky
pattern are common, but large centroblasts are nearly
always present. These cases usually have a lower prolif-
eration rate by MIB-1 or Ki-67, and may either lack c-
myc translocations or show c-myc and bcl-2 rearrange-
ments in the same cells. 

The typical immunophenotype for BL is summa-
rized in Table 56.4. Tumor cells in classical and atypical
BL are mature B cells that express CD19, CD20, CD22,
and Cd79a, along with surface IgM, commonly with
light chain restriction. Their germinal center origin is
confirmed by frequent expression of CD10 and bcl-6.

All cases of BL have a translocation of myc at band
q24 from chromosome 8 either to the Ig heavy chain
region on chromosome 14 [t(8;14)] or to the light chain
loci on chromosome 22q11 [t(8;22)] or chromosome
2q11 [t(2;8)].1 For those cases with t(8;14) translocations,
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the breakpoint varies between sporadic and endemic
cases. In endemic cases, the breakpoint is at the heavy
chain joining region, characteristic of a relatively early B
cell. In sporadic cases, the translocation affects the Ig
switch region, which characterizes a later stage of B-cell
development.53 The myc gene becomes constitutively
expressed with the result that the cells progress through
the cell cycle. This is thought to be the critical event in
lymphomagenesis in this disease, although myc activa-
tion also activates various target genes that are involved
in the regulation of apoptosis. 

The role of Epstein–Barr virus
The Epstein–Barr virus (EBV) is known to be an impor-
tant factor in the development of endemic BL, where it
is present in the majority of tumor cells. It is thought
that the development of the lymphoma in this case is
preceded by a long period of polyclonal B-cell activa-
tion secondary to multiple infective events, including
the presence of EBV as well as malaria. Subsequent
abnormal T-cell regulation of EBV infected cells may
then lead to the development of lymphoma.44,54

In contrast to endemic disease, the incidence of EBV
in sporadic BL is less, at about 30% in immunocompe-
tent patients, and about 25–40% in those who are
immunosuppressed.42,55 Although EBV is implicated in
the etiology of BL, its exact role remains unclear.

TREATMENT
The treatment of BL is largely based upon the use of
dose-intensive, multiagent chemotherapy regimens,
which incorporate high-dose systemic methotrexate
and cytosine arabinoside for control of potential CNS
as well as systemic disease. Most of the regimens
developed in the last 5–10 years have initially been
used in pediatric populations, and subsequently
adapted for treatment of adults. Overall, modern regi-
mens have been highly effective, with long-term
remissions reported in over 90% of the patients, even
with advanced and apparently poor risk disease. Risk
stratification has gained increasing importance in
terms of determining therapy of appropriate intensity.

Several models for risk stratification have been devel-
oped in recent years. These are summarized in Table 56.5.
For adults with BL, the risk factors described for patients
entered into the NCI-89-C-41 protocol have been most
widely applied.58 In the original description of this regi-
men in adults, patients with high-risk disease received
alternating cycles of cyclophosphamide, vincristine, dox-
orubicin, methotrexate (CODOX-M) and ifosfamide,
etoposide, cytosine, arabinoside (IVAC) therapy (see
below) whereas those with low-risk disease received a less
intensive treatment protocol including CODOX-M
chemotherapy only. In a subsequent European trial of a
modified version of this protocol, similar risk stratifica-
tion was used, in which low-risk patients were defined as
having a normal LDH level, WHO performance status of
0 or 1, Ann Arbor stage I or II, and no residual tumor
masses �10 cm in diameter.59 All other patients were
regarded as high risk. The most widely used regimens for
BL have initially been introduced in pediatric popula-
tions, and subsequently adapted for adults, usually with
comparable results. Details of reports of some of these
regimens are summarized in Table 56.6. Most of these
regimens are highly myelosuppressive, with high rates of
neutropenia and infectious complications, and require
support with hematopoietic growth factors. Common
aspects of these regimens include intensive induction
therapy with multiple chemotherapy agents, relatively
short treatment duration, absence of any proven benefit
from prolonged or maintenance therapy, and the use of
CNS prophylaxis and therapy. In view of the high prolif-
eration rate of these tumors, the importance of rapid ini-
tiation of cycles of chemotherapy as early as possible
after hematopoietic recovery has been realized, and the
use of nonmyelosuppressive drugs at the time of neu-
trophil nadir to maintain dose intensity is also a principle
of several regimens.

The use of radiation therapy, even as a method of
CNS treatment or prophylaxis, has been largely aban-
doned in the absence of data from randomized trials
demonstrating its benefit compared with high-dose
systemic methotrexate of cytarabine, coupled with

Chapter 56 ■ Treatment Approach to High-Grade NHLs 571

Table 56.4 Immunophenotype and genetic/molecular features of Burkitt’s lymphoma and variants

Classical Burkitt’s Atypical Burkitt’s Burkitt-like
lymphoma lymphoma lymphoma

CD10 �� �� ���

Bcl-2 � � ++/�

Bcl-6 ++ ++ �/�

Cytogenetics t(8;14) or t(2;8) or t(8;22) t(8;14) or t(2:8) or t(8;22) Variable. Myc translocation
may be present and may 
coexist with Bcl-2
translocation

Molecular Myc rearrangement Myc rearrangement Bcl-2 �/�, myc 
/�

features



intrathecal therapy or prophylaxis. Despite this, some
groups continue to use radiation therapy, although at
reduced doses, as a component of CNS prophylaxis or
treatment.63 No agreed standard of care exists for the
initial treatment of BL. Most regimens in common
use have features as described above.

Results of these regimens have improved progres-
sively over the last 20 years. Pediatric patients with
limited-stage disease, generally defined as stage I or II,
completely resected abdominal disease, have long-
term disease-free survival rates of 90–100% when
treated with combination chemotherapy regimens
described above. 

In adult patients, some single center studies have
reported similar results. In the study from the National

Cancer Institute, using the NCI 89-C-41 protocol in an
adult population, all patients with limited-stage dis-
ease, treated with three cycles of the CODOX-M regi-
men, achieved long-term disease-free survival,
although patient numbers in this series were small.58

In a subsequent multicenter study of a modified NCI
89-C-41 protocol in Europe, including an older, less
selected patient population, the 2-year actuarial event-
free survival was 83%.59

Results from most other groups using comparable
chemotherapy have been similar. No single combina-
tion has emerged as being superior and any intensive
multiagent regimen with the characteristics described
above, such as those included in Table 56.6, can be
considered acceptable.
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Table 56.5 Pregnostic risk factors for adult Burkitt’s lymphoma

Berlin–Frankfurt–Munich (BFM) group56 LMB group57 National Cancer Institute58

Risk group Features Risk group Features Risk group Features

1 Complete surgical A Complete surgical Low risk Stage I or II
resection resection stage I or and LDH 

abdominal stage II �150% of 
normal

2 Incomplete surgical B All patients not High risk All other 
resection: Stage I and II in groups A or C patients
Stage III with 
LDH �500 IU/L

3 Incomplete surgical C Central nervous 
resection: Stage III with system involvement 
LDH 500–999 IU/L or bone marrow
Stage V or B-cell leukemia involvement with
with LDH�1000 IU/L; �25% blasts
CNS negative

4 Incomplete surgical 
resection: Stage III and 
LDH �999 IU/L Stage IV
or B-cell leukemia and 
LDH � 999 IU/L 
CNS

LDH, lactate dehydrogenase; CNS, central nervous system.

CR, complete remission.

Table 56.6 Results of intensive combination chemotherapy regimens in adults with Burkitt’s lymphoma

First author Number Failure-free survival/
& reference Regimen of patients Response rate relapse-free survival Overall survival

Soussain et al60 Various LMB 65 89% CR N/A 74% at 3 years
protocols

McMaster et al61 Novel intensive 20 85% CR 60% at 5 years 60% at 5 years
chemotherapy-
only regimen

Magrath et al58 NCI 89-C-41 39 95% CR 92% at 2 years 92 % at 2 years

Mead et al59 Modified NCI 52 87% OR 65% at 2 years 73% at 2 years
89-C-41 (77% CR)

Thomas et al 62 Hyper-CVAD 26 81% N/A 49% at 3 years
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STEM CELL TRANSPLANTATION AS CONSOLIDATION
THERAPY IN FIRST REMISSION
There have been only a limited number of studies
addressing the role of high-dose therapy and autolo-
gous or allogeneic stem cell transplantation in first
remission in this disease. This is mainly a result of
the effectiveness of intensive induction chemother-
apy regimens with high survival rates as documented
above. In view of these excellent results, there is lit-
tle rationale for the use of early stem cell transplan-
tation.

The largest reported series of patients with Burkitt’s
or Burkitt-like NHL undergoing autologous stem cell
transplantation was reported by the EBMT.64 This ret-
rospective, registry-based study included 70 patients
receiving high-dose therapy in first complete remis-
sion after induction chemotherapy. Various induction
chemotherapy regimens had been used. The actuarial
3-year progression-free and overall survival rates were
72 and 73%, respectively.

In an intention to treat analysis by Jost et al.,
patients with LBL and BL received a brief duration
induction chemotherapy regimen followed by high-
dose therapy and autologous stem cell transplantation
for responding patients.35 The estimated 3-year event-
free and overall survival were 31 and 48%, respectively,
indicating the inadequacy of the initial induction
therapy in this group. There is no evidence at present
to suggest an improvement in survival with first remis-
sion transplantation for patients in remission after
intensive induction chemotherapy regimens.

STEM CELL TRANSPLANTATION FOR RELAPSED 
OR REFRACTORY DISEASE
The outcome for patients with relapsed or primary refrac-
tory Burkitt’s and Burkitt-like lymphoma is poor, with
reported median survival duration of only 6 months after
conventional dose second-line chemotherapy regimens.
Very few series have specifically addressed the role of
high-dose therapy in this context. The study from the
EBMT included 32 patients with relapsed and refractory
disease. For those with chemosensitive relapses, long-
term progression-free survival of 37% was reported, sug-
gesting that transplant strategies may benefit this group.
By contrast, patients with resistant relapses or primary
refractory disease progressed rapidly, with most having
relapse within 6 months of autologous transplantation.64

Very few reports have specifically addressed the role
of allogeneic transplantation for Burkitt’s and Burkitt-
like lymphoma.There are anecdotal reports suggesting
a possible graft-versus-lymphoma effect on this dis-
ease, but few comparative data with autologous stem
cell transplantation. A matched analysis from the
EBMT included 71 patients with BL receiving allo-
geneic transplants from a variety of donors, who were
matched with 416 patients receiving autologous trans-
plants.38 No differences in either relapse rates or over-
all survival were reported according to stem cell
source. At present, there is no evidence to suggest that
allogeneic transplantation is associated with superior
outcome, and its use should probably be reserved for
patients with bone marrow or peripheral blood
involvement or those treated on trial protocols.
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57Chapter 57
TREATMENT APPROACH TO 
MARGINAL ZONE AND MALT
LYMPHOMAS
Emanuele Zucca 

The term marginal zone lymphoma (MZL) is believed to
be derived from B cells normally present in the mar-
ginal zone and was proposed in the Revised
European–American Lymphoma (REAL) classifica-
tion1 to take account of three apparently related lym-
phoma subtypes, namely the extranodal “low-grade
B-cell lymphoma of mucosa-associated lymphoid tis-
sue (MALT)” usually named MALT lymphoma, the
nodal “monocytoid B-cell lymphoma,” and the “pri-
mary splenic MZL with or without villous lympho-
cytes”. At that time, the available cytogenetic data
seemed to suggest that all three of these lymphomas
share similar cytogenetic alterations, but several
important cytogenetic and molecular genetic observa-
tions have later revealed the distinctiveness of these
lymphoid neoplasms, and each is now considered a
separate subtype in the World Health Organization
(WHO) classification.2–4

While splenic and nodal MZL are very rare disorders,
each comprising less than 1% of lymphomas,5 the
extranodal MZL of MALT type is not uncommon. In a
survey of more than 1400 non-Hodgkin’s lymphomas
from nine institutions in the United States of America,
Canada, the United Kingdom, Switzerland, France,
Germany, South Africa, and Hong Kong, this entity
represented approximately 8% of the total number of
cases, including both the most common gastrointesti-
nal (GI) and the less usual non-GI localizations.5

EXTRANODAL MARGINAL ZONE
LYMPHOMA OF MALT 

DISEASE FEATURES
Pathology
Primary gastric MALT lymphoma is the most common
and best studied MALT lymphoma but the histologic
features of extranodal B-cell MZL (MALT lymphomas)
are similar regardless of the site of origin.2,6,7 The most
striking feature of MALT lymphoma is the presence of

a variable number of lymphoepithelial lesions defined
by evident invasion and partial destruction of
mucosal glands by the tumor cells. The morphology
of MALT lymphoma cells is heterogeneous. Marginal
zone cells are the predominant component and are
small-to-medium-size cells with irregularly shaped
nuclei (centrocytelike cells). Other cell types comprise
monocytoid cells and small B lymphocytes. A degree
of plasma cell differentiation is often present. Any of
these cytologic aspects can predominate, or they can
coexist within the same case. The B cells of MALT lym-
phoma show the immunophenotype of the normal
marginal zone B cells present in spleen, Peyer’s
patches, and in lymph nodes. Therefore, the tumor B
cells express surface immunoglobulins and pan-B anti-
gens (CD19, CD20, and CD79a), and the marginal-
zone-associated antigens CD35 and CD21 but lack of
CD5, CD10, CD23, and cyclin D1 expression. A num-
ber of nonneoplastic, reactive T cells are often present.
Scattered transformed large blast cells are also usually
found. Their prognostic significance is not fully under-
stood, but only when solid or sheetlike proliferations
of large cells are present should the lymphoma be con-
sidered to have transformed. The resulting tumor can-
not reliably be distinguished from other diffuse large
B-cell lymphomas. Therefore, the current recommen-
dation is that such cases be defined as diffuse large 
B-cell lymphoma, avoiding the term “high-grade” MALT
lymphomas.2

Certain histologic features appear to indicate that
the MALT lymphoma B cells might be or have been
involved in an immune response: the presence of
tumor lymphocytes in the germinal centers of nonneo-
plastic follicles (follicular colonization), the presence of
scattered transformed blasts, the often prominent
plasma cell differentiation, and the often rich T-cell
nonneoplastic component. MALT lymphoma usually
arises in mucosal sites where lymphocytes are not nor-
mally present and where a MALT is acquired in
response to either chronic infectious conditions or

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 
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autoimmune processes: Helicobacter pylori gastritis,
Hashimoto’s thyroiditis, and Sjögren syndrome.8

Sequence analysis of the immunoglobulin genes
expressed by the MALT lymphoma B cells shows a pat-
tern of somatic hypermutation and intraclonal varia-
tion, suggesting that the tumor cell has undergone
antigen selection in germinal centers and that they
continue to be at least partially driven by direct anti-
gen stimulation.9–12

Epidemiology and etiology
A significant association has been reported in epidemi-
ologic studies between H. pylori infection and gastric
lymphomas with either low-grade or high-grade his-
tology.13 In vitro experiments have demonstrated that
the neoplastic cells of gastric MALT lymphoma prolif-
erate in a strain-specific response to H. pylori and that
this response is dependent on T-cell activation by the
microorganism.14 The presence of the B-cell clone that
will become predominant in the transformation to
MALT lymphoma has been demonstrated in the
chronic H. pylori gastritis that preceded the lym-
phoma.15 More than 20 studies have reported regres-
sions of gastric MALT lymphoma in more than half of
the treated patients after antibiotic eradication of H.
pylori.16 The association of H. pylori with gastric MALT
lymphoma has led to the hypothesis that the microor-
ganism may provide the antigenic stimulus for sus-
taining the growth of the lymphoma in the stomach.
However, the tumor-derived immunoglobulin usually
does not recognize H. pylori but does recognize various
autoantigens.17

Besides H. pylori, other infectious agents have been
associated to particular extranodal marginal zone B
cell lymphomas. Borrelia burgdorferi may be implicated
in the pathogenesis of at least a subset of cutaneous
marginal zone B cell lymphomas. The microorganism
can be found in skin lymphomas, and a complete
remission can be achieved with adequate antibiotic
therapy alone.18–20

Ferreri et al.21 demonstrated the presence of
Chlamydia psittaci in about 80% of ocular adnexa
MZL and showed that antibiotics therapy aimed to
the C. psittaci can be followed by histologic regression
of these MZL.

Campylobacter jejuni has been associated with the
immunoproliferative small intestine disease (IPSID,
also known as alpha-chain disease) that is now consid-
ered an extranodal MZL, more frequent in Middle East,
especially in the Mediterranean area.22

Since the 1970s, it was already known that early
stage IPSID may regress after antibiotic therapies elim-
inating unknown organism(s),23 but only in 2004 has
this lymphoma been linked to a specific pathogen.22

All these data, together with the pattern of somatic
hypermutation and ongoing mutations of the
immunoglobulin genes, strongly associate the origin
of extranodal MZLs, with a background of chronic anti-

genic stimulation associated with infectious conditions
and/or autoimmune conditions. It can be postulated
that interaction of host T cell and antigen-presenting
cells with bacterial antigens or with cross-reactive
autoantigens leads to a cascade of complex events,
which finally results in autonomous clonal B-cell
expansion and proliferation.

However, extranodal MZLs are relatively rare, while
H. pylori infection is extremely common, being present
in the stomach of one half of the world population.24

Therefore, both bacterial and host factors have to
interact to cause lymphoma. Polymorphisms affecting
genes involved in inflammatory responses and antiox-
idative capacity may be part of the genetic background
for the MALT lymphomagenesis in individual H. pylori
infected persons.25 The persistent antigenic stimula-
tion may render the clone more susceptible to genetic
alterations that can result in neoplastic transformation
and tumor progression. Free radicals are likely to play
a role in the development of B-cell genomic damage in
the chronic gastritis, and their presence is increased in
the presence of the CagA-positive strains of H. pylori.26

Genetic abnormalities
The most common aberration is the t(11;18)(q21;q21),
which results in a fusion of the apoptosis inhibitor
gene API2 with the MALT1 gene.27–29 The t(11;18) is
present in 30–50% of extranodal MZL of MALT type,
but not in nodal MZL lymphoma and splenic MZL.30 It
is usually the sole cytogenetic alteration. The frequency
of the t(11;18) in MALT lymphoma is site related: more
frequent in the GI tract and in the lung, less common
in conjunctiva and orbit, and absent or almost absent
in salivary glands, thyroid, liver, and skin.26,31

The t(1;14)(p22;q32) is much more rare, and it
deregulates the expression of the survival-related gene
BCL10, highly expressed in the nucleus of the neoplas-
tic B cells of MALT lymphomas carrying this transloca-
tion.32,33 Interestingly, nuclear expression of BCL10 is
also present in the t(11;18)-positive MALT lymphomas,
indicating that nuclear localization of BCL10 can occur
as the consequence of two apparently independent
cytogenetic events.26,30,34 In MALT lymphomas without
these translocations, as well as in nonneoplastic germi-
nal center and marginal zone B cells, BCL10 is
expressed only in the cytoplasm.35

The t(14;18)(q32;q21) translocation, cytogeneti-
cally identical to the one involving BCL12 in follicular
lymphoma but involves MALT1 (which is localized
about 5 Mb centromeric of BCL12 on 18q21), has been
described in approximately 20% of MALT lym-
phomas.31,36,37 This translocation appears to be more
common in lymphomas of ocular adnexa, liver, and
skin than in GI tract and lung. In contrast to t(11;18),
it is often associated with additional genetic abnor-
malities, such as trisomies of chromosome 3 and 12. 

The three seemingly disparate translocations that
target BCL10 and MALT1 appear to affect the same 
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signaling pathway, resulting in the constitutive activa-
tion of nuclear factor kappa B (NF-�B), a transcription
factor with a central role in immunity, inflammation,
and apoptosis.38,39 This activation of the NF-�B path-
way seems critical to lymphoma antigen-independent
growth and progression.40 Other cytogenetic abnor-
malities have also been reported but their pathogenetic
role is unclear.6

Clinical features
The presenting symptoms of MALT lymphomas are
nonspecific and mainly related to their anatomic loca-
tion. Few patients present with elevated lactate dehy-
drogenase (LDH) or �2-microglobulin levels.41,42

Constitutional B symptoms are exceedingly uncom-
mon.41

MALT lymphoma usually remains localized for a
prolonged period within the tissue of origin, but
involvement of multiple mucosal sites is not uncom-
mon, being reported in up to one-third of cases. It has
been postulated that this dissemination may be due to
specific expression of special homing receptors or
adhesion molecules on the surface of most MALT lym-
phoma cells and normal B cells of MALT.43–45 Bone
marrow involvement is reported in up to 20% of
cases.6 Within the stomach, low-grade MALT lym-
phoma is often multifocal and this may explain the
report of relapses in the gastric stump after surgical
excision. When regional lymph nodes are involved,
MALT lymphoma cells tend to localize in the marginal
zone without disturbing the lymph node architecture.
Gastric MALT lymphoma can often disseminate to the
splenic marginal zone where it is usually undetectable
by conventional histopathology. The incidental dis-
covery of secondary small intestinal MALT lymphoma
during gastrectomy for MALT lymphoma has been
reported too, and concomitant GI and non-GI involve-
ment is found in approximately 10% of cases.

DIAGNOSIS AND STAGING OF GASTRIC 
MALT LYMPHOMA
The stomach is the most common and best studied
organ involved with MALT lymphoma and it will be
helpful to discuss the clinical aspects of diagnosis, stag-
ing, and treatment of gastric MALT lymphoma sepa-
rately from all other sites.

The most common presenting symptoms of gastric
MALT lymphoma are dyspepsia, epigastric pain, nau-
sea, and chronic manifestations of GI bleeding, such as
anemia. The upper GI complaints often lead to an
endoscopy that usually reveals nonspecific gastritis or
peptic ulcer with mass lesions being unusual.41

The best staging system is still controversial.46 We
use the modification of the Blackledge staging system
recommended at an international workshop.47,48

The initial staging procedures should include a gastro-
duodenal endoscopy with multiple biopsies from each
region of the stomach, duodenum, gastroesophageal (GE)

junction, and from any abnormal-appearing site. The
presence of active H. pylori infection must be determined
by histochemistry and breath test. Endoscopic ultra-
sound is recommended to evaluate the presence of peri-
gastric lymph nodes and the depth of infiltration of the
gastric wall. A deep infiltration is associated with a higher
risk of lymph node involvement, and a lower response
rate with antibiotic therapy alone.49–52 Presentation with
multiple MALT localizations is more frequent in patients
with non-GI lymphoma, in which about one-fourth of
cases have been reported to present with involvement of
multiple mucosal sites or nonmucosal sites such as bone
marrow.53,54

Regardless of the presentation site, initial workup
should include complete blood counts, basic biochem-
ical studies (including LDH and �2-microglobulin),
computed tomography of the chest, abdomen, and
pelvis, and a bone marrow biopsy. Indeed, although
the disease remains usually localized in the stomach,
systemic dissemination and bone marrow involve-
ment should be assessed at presentation, since progno-
sis is worse with advanced-stage disease or with
unfavourable International Prognostic Index (IPI)
score.41

TREATMENT OF MALT LYMPHOMA 
H. pylori eradication in gastric MALT lymphoma
The regression of gastric MALT lymphoma after antibi-
otic eradication of H. pylori was first reported in 1993 by
Wotherspoon and colleagues, who described the effi-
cacy of antibiotic therapy in six patients with superfi-
cially invasive gastric MALT lymphoma.55 Several
groups thereafter confirmed the efficacy of antibiotics
in inducing apparently durable lymphoma remissions
in 60–100% of patients with localized H. Pylori-positive
gastric MALT lymphoma.42,49,50,52,56–58 The histologic
remission can usually be documented within 6 months
from the H. pylori eradication but sometimes the period
required is more prolonged and the therapeutic
response may be delayed up to more than 1 year.41

It is now generally accepted that eradication of H.
pylori with antibiotics should be employed as the sole
initial treatment of localized (i.e., confined to the gas-
tric wall) MALT lymphoma. Actually, this is at present
the best studied therapeutic approach with more than
20 reported studies.59,60 Any of the highly effective
antibiotic regimens proposed61,62 can be used. Several
effective anti-H. pylori programs are available and any
of them can be used.61–63 It is expected that following
10–14 days of antibiotic treatment, H. pylori will be
eradicated in 85–90% of the patients.63 Our regimen of
choice is a 10-day triple therapy with a proton-pump
inhibitor (e.g., omeprazole 20 mg b.i.d., pantoprazole
40 mg once daily, esomeprazole 40 mg once daily, or
others), amoxicillin (1 g b.i.d.), and clarithromycin
(500 mg b.i.d.). Metronidazole (500 mg b.i.d.) can
replace amoxicillin in penicillin-allergic individuals,
but metronidazole resistance is common and can



reduce the treatment efficacy. After treatment, strict
endoscopic follow-up is recommended, with multiple
biopsies taken at 2–3 months to document H. pylori
eradication and, subsequently, at least twice per year
for 2 years to monitor the histologic regression of the
lymphoma. In cases of unsuccessful H. pylori eradica-
tion, a second-line anti-Helicobacter therapy should
be attempted with alternative triple- or quadruple-
therapy regimens of proton-pump inhibitors plus
antibiotics. However, it is still unknown whether H.
pylori eradication will definitely cure the lymphoma;
therefore, long-term follow-up of antibiotic-treated
patients is mandatory. Some cases of documented
tumor recurrence following H. pylori reinfection have
been reported, suggesting that residual dormant
tumor cells can be present despite clinical and histo-
logic remission. Relapses have also been documented
without H. pylori reinfection, indicating the emergence
of B-cell lymphoma clones that are no longer antigen
dependent.56,58

Several studies of postantibiotic molecular follow-
up demonstrated a long-term persistence of mono-
clonal B cells after histologic regression of the lym-
phoma in about half of the cases, suggesting that H.
pylori eradication does not eradicate the lymphoma
clone.58,64 Therefore, histologic evaluation of post-
treatment gastric biopsies remains to be a fundamental
follow-up procedure. Unfortunately, the interpretation
of residual lymphoid infiltrate can be very difficult,
and there are no uniform criteria for the definition of
histologic remission. Wotherspoon in 1993 proposed a
simple score to express the degree of confidence in the
diagnosis of MALT lymphoma on small gastric biop-
sies.55 This scoring system has been used to evaluate
the response to therapy in some trials, but many inves-
tigators found it difficult to apply in this setting and
other criteria have been proposed.56 The lack of stan-
dardized and reproducible criteria can affect the com-
parison of the results from different clinical trials. A
novel histologic grading system has been proposed by
Copie-Bergman and colleagues.65 This system classifies
the histologic features in posttreatment gastric biop-
sies as “complete histologic remission,” “probable
minimal residual disease,” “responding residual dis-
ease,” and “no change.” It may become a useful tool
but its reproducibility still needs to be confirmed on
larger series.

The efficacy of antibiotic therapy is reduced in
locally advanced disease, and as mentioned before,
endoscopic ultrasound can be useful to predict the lym-
phoma response to H. pylori eradication. The response
rate is 70–90% for the mucosa-confined lymphomas,
but then decreases markedly and progressively for the
tumors infiltrating the submucosa, the muscularis pro-
pria, and the serosa. In cases with documented nodal
involvement, a response is unlikely.50,52 The t(11;18)
translocation is absent in gastric MALT lymphomas
showing complete regression,66 but present in 77% of

nonresponsive tumors, including 68% of those with
the disease confined to the gastric wall.67 Therefore,
this translocation can be a valuable molecular marker
to predict the therapeutic response of gastric MALT
lymphoma to H. pylori eradication30,67,68 and in addi-
tion to routine histology and immunohistochemistry,
fluorescence in situ hybridization analysis for detection
of t(11;18) may be useful for identifying disease that is
unlikely to respond to antibiotic therapy.

Management of H. Pylori-negative or 
antibiotic-resistant patients
No definite guidelines exist for the management of the
subset of H. pylori-negative cases or for the patients who
fail antibiotic therapy. A choice can be made among con-
ventional oncologic modalities but there are no pub-
lished randomized studies to help with the decision. In
two retrospective series of patients with gastric low-grade
MALT lymphoma, no statistically significant difference
was apparent in survival between patients who received
different initial treatments, including antibiotics against
H. pylori, chemotherapy, surgery with or without addi-
tional chemotherapy, or radiation therapy.42,69

Excellent disease control using radiation therapy
alone has been reported by several institutions sup-
porting the approach that modest-dose involved-field
radiotherapy (30 Gy given in 4 weeks radiation to the
stomach and perigastric nodes) is the treatment of
choice for patients with stage I–II MALT lymphoma of
the stomach without evidence of H. pylori infection or
with persistent lymphoma after antibiotics.70,71

Surgery has been widely and successfully used in the
past, but the precise role for surgical resection should
now be redefined in view of the promising results of a
more conservative approach.41

Patients with systemic disease should be consid-
ered for systemic chemotherapy and/or immunother-
apy with anti-CD-20 monoclonal antibodies. Only a
few compounds and regimens have been tested
specifically in MALT lymphomas. Oral alkylating
agents (either cyclophosphamide or chlorambucil,
with median treatment duration of 1 year) can result
in a high rate of disease control.72,73 More recent
phase II studies demonstrated some antitumor activity
of the purine analogs fludarabine74 and cladribine (2-
CdA),75 possibly associated with an increased risk of
secondary myelodysplastic syndrome,76 and of a com-
bination regimen of chlorambucil/mitoxantrone/pred-
nisone.77 The activity of the anti-CD20 monoclonal
antibody rituximab has also been shown in a phase II
study to have a response rate of about 70%,78 and it
may represent an additional option for the treatment
of systemic disease. Rituximab is active in gastric
MALT lymphomas resistant or refractory to antibi-
otics, or not associated with H. pylori infection.
Different from the setting of antibiotic therapy, the
t(11;18)(q21;q21) translocation seems not to be a
predictive marker of response to rituximab.79
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Management of non-gastric localizations
The stomach is the most common and best studied site
of involvement, but MALT lymphomas have also been
described in various non-GI sites, such as salivary gland,
thyroid, skin, conjunctiva, orbit, larynx, lung, breast,
kidney, liver, prostate, and even in the intracranial
dura.53,54,80 One-fourth of non-GI MALT lymphomas
have been reported to present with involvement of
multiple mucosal sites or nonmucosal sites such as bone
marrow.53,54 Nevertheless, despite presenting so often
with stage IV disease, they usually have a quite indolent
course regardless of treatment type (5-year survival of
90%). The rate of histologic transformation seems
much lower than that in follicular lymphomas.
Patients at high risk according to the IPI, and those
with lymph node involvement at presentation, but
not those with involvement of multiple MALT sites,
have a worse outcome. Localization may have prognos-
tic relevance. In a radiotherapy study from Toronto,70

gastric and thyroid MALT lymphomas had better out-
come, whereas distant failures were common for other
sites, however, despite relapse, the disease most often
maintained an indolent course.

In a multicentric retrospective survey of 180 non-
gastric cases observed over a long period of time,
patients were treated according to the current policy of
each institution at the time of diagnosis, and the pres-
ence of organ-specific problems presumably had a role
in the choice of treatment. This study showed no evi-
dence of a clear advantage for any type of therapy.53

In general, the considerations regarding the treat-
ment of H. pylori-negative cases can be applied.
Radiation therapy is the best studied approach81 and is
the treatment of choice for localized lesions. The opti-
mal management of disseminated MALT lymphomas is
less clearly defined. The treatment choice should be
“patient tailored,” taking into account the site, the
stage, and the clinical characteristics of the individual
patient. The anti-CD20 antibody rituximab has shown
clinical activity,78 and the efficacy of its combination
with chemotherapy is being explored in a randomized
study of the International Extranodal Study Group.
The finding that C. psittaci is associated with MALT
lymphoma of the ocular adnexa may provide the ratio-
nale for the antibiotic treatment of localized lesions
and preliminary encouraging results have been
reported, but this approach remains investigational
and will need to be confirmed by larger clinical studies.

SPLENIC MARGINAL ZONE LYMPHOMA 

DISEASE FEATURES
Pathology
The disease is characterized by a lymphoid infiltrate in
the splenic white pulp that grows in a nodular patter
replacing preexisting follicles.4,82 A variable degree of red
pulp infiltration is also often present. Small lymphocytes

are predominant in central areas, while medium-size
cells resembling splenic marginal zone lymphocytes are
present in the periphery. Plasmacytic differentiation as
well as, rarely, clusters of plasma cells can be present.

The neoplastic cells show typical positivity for sur-
face (and sometimes cytoplasmic) immunoglobulins
and pan-B antigens (CD19, CD20, and CD22); they
usually coexpress CD11c, and lack CD5, CD10, and
CD23 expression.

Up to two-thirds of the patients with splenic MZL
present the characteristic circulating villous lympho-
cytes, with short cytoplasmic projections. When these
are more than 20% of the lymphocyte count, the term
“splenic lymphoma with villous lymphocytes” is com-
monly used.83

Bone marrow is usually involved, even in cases with
no circulating neoplastic cells. The pattern of infiltra-
tion is typically nonparatrabecular, intrasinusoidal
only. However, this pattern of bone marrow involve-
ment can be found also in other small-cell lym-
phomas.84–86

When biopsied, the liver is usually involved with a
nodular infiltration of portal tracts, and hilar splenic
lymph node involvement is common. According to
the WHO classification, the peripheral lymph node
involvement is typically absent.87 Transformation to a
diffuse large B-cell lymphoma occurs in about 15% of
the cases.88

Genetic abnormalities
Sequence analysis of the immunoglobulin genes
expressed by the splenic marginal zone B cells shows
that approximately half of the cases bear unmutated
and half have mutated immunoglobulin heavy-chain
genes,89,90 suggesting the possibility that this lym-
phoma subtype derives from different B-cell subsets
than those normally present in the marginal zone.
Cases with unmutated IgH genes may have a poorer
prognosis and are more commonly associated with the
presence of chromosome 7q loss,89 but it has to be
underscored that the 7q deletions are relatively com-
mon in hematologic malignancies and not specific for
splenic MZL. Gain of chromosome 3 appears to be
another common abnormality.91,92 The t(9;14)(p13;q32)
translocation which juxtaposes the IgH locus to the
PAX5 gene93,94 has also been reported; however, its fre-
quency is controversial.95 Using cDNA microarray,
Thieblemont et al. have compared the gene expression
profile of splenic MZL, mantle cell lymphoma, and
small lymphocytic lymphoma.96 The gene coding for
the serine threonine kinase AKT1 was the most repre-
sentative among the gene clusters specific for splenic
MZL; its possible role in the pathogenesis of splenic
MZL needs to be further clarified.

Association with infectious agents Despite relevant
geographic variations, hepatitis C virus (HCV)
seems to be involved in splenic MZL and nodal MZL
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lymphomagenesis.97–101 Of great interest, some
patients with splenic lymphoma with villous lym-
phocyes and HCV infection achieved a lymphoma
remission after treatment with interferon alfa with
or without concomitant ribavirin.101,102 This sug-
gests a strict relationship between HCV and splenic
MZL, indicating the necessity to search for HCV
infection in patients affected by this lymphoma
subtype. Analogous to the H. Pylori infection in the
gastric MZL, it appears that HCV may be responsible
for an antigen-driven stimulation of the lymphoma
clone. Prospective studies are warranted to confirm
this interesting finding.

An association with malaria and with Epstein–Barr
virus infection, both acting as strong polyclonal B-cell
activators, has been shown in tropical Africa.103–105

Tropical splenic lymphoma appears as a form of splenic
MZL, characterized by a high percentage of circulating
villous lymphocytes, unmutated immunoglobulin genes,
and a predilection for middle-age women.

Clinical features 
Most patients are over 50 with a similar incidence in
males and females.87 The disease usually presents with
massive splenogamy, which produces abdominal dis-
comfort and pain. Diagnosis is often made at splenec-
tomy performed to establish the cause of unexplained
spleen enlargement. B symptoms are present in 25–60%
of cases; anemia, thrombocytopenia, or leukocytosis are
reported in approximately 25% of cases. Autoimmune
hemolytic anemia is not uncommon, being found in up
to 15% of patients. Splenic hilar lymph nodes appear to
be involved in about 25% of cases, but peripheral lymph
node involvement is typically absent. Approximately
30% of cases have liver involvement.106–110 Nearly all
patients have bone marrow involvement, often accom-
panied by involvement of peripheral blood (defined as
the presence of absolute lymphocytosis of more than
5%).109 Because of the high frequency of bone marrow
or liver involvement, about 95% of cases are classified as
Ann Arbor stage IV. Serum paraproteinemia is observed
in about 10–25% of cases,107–109 most frequently of IgM
type posing the problem of the differential diagnosis
with lymphoplasmacytic lymphoma/Waldenstrom
macroglobulinemia.82,111

In advanced stages of either splenic, nodal, or extra-
nodal MZL, a precise diagnosis can be very difficult in
cases presenting with concomitant splenic, extran-
odal, and nodal involvement.108,112

TREATMENT OF SPLENIC MARGINAL 
ZONE LYMPHOMA
The clinical course is usually indolent with 5-year over-
all survival ranging from 65 to 80%, and most cases can
be safely managed with an initial wait-and-see pol-
icy.107,109,110 When treatment is needed, this is usually
because of large symptomatic splenomegaly or cytope-
nias. Splenectomy appears to be the treatment of choice;

it allows a reduction/disappearance of circulating tumor
lymphocytes, and recovery of the lymphoma-associated
cytopenia.106,107,110,112,113 The benefit of splenectomy
often persists for several years, and time to next
treatment can be longer than 5 years in cases where
lymphocytosis persists and or progresses after
splenectomy.112 Adjuvant chemotherapy after splenec-
tomy may result in higher rate of complete responses;
however, there is no evidence of a survival benefit.112

Chemotherapy alone may be considered for patients
who require treatment but have a contraindication to
splenectomy, and also for the patient with clinical pro-
gression after spleen removal. Alkylating agents and
fludarabine have been reported to be active and can be
used as single agents or in combination. The anti-B-cell
monoclonal antibody, rituximab, alone or in combina-
tion with chemotherapy, is capable—according to a few
case reports—to induce good responses in cases refrac-
tory to standard chemotherapy.112,114,115 Treatment of
HCV infection with interferon alpha alone or in combi-
nation with ribavirin may be helpful for the patients
with splenic lymphoma with villous lymphocyte and
HCV infection.102,116

NODAL MARGINAL ZONE LYMPHOMA

DISEASE FEATURES
Pathology
In contrast with mucosa-based extranodal MALT lym-
phoma, nodal MZL is typically lymph node based. The
tumor cell morphology is heterogeneous and resem-
bles the lymph node involvement of extranodal and
splenic MZL. The marginal zone and interfollicular
areas are infiltrated by marginal zone B cells, monocy-
toid B cells, or small B lymphocytes. Plasma cell differ-
entiation can be present, as well as some large
cells.3,117–120

Genetic abnormalities
No specific genomic alteration is known to occur in
nodal MZL. The most common alterations, such as gain
of 3q, are also present in extranodal and splenic MZL. 

Analysis of the IgH genes suggest a prevalence of
cases with mutated IgH genes, but, similarly to splenic
MZL, unmutated cases do exist.121–123 These data are in
accordance with the different normal B-cell popula-
tions resident within the marginal zone, which com-
prise both naïve and postgerminal center B cells.124

As noted, both nodal and splenic MZL have been
associated with HCV infection.97,98,100,101,125–127

Clinical features
The clinical data are sparse and have been largely
drawn from pathologic series rather than clinical cen-
ters.128,129 Nodal MZL is a disease of older people, with
median age at presentation in the sixth decade, and
affects both sexes, with an unusual (albeit slight)
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female predominance. The most common presenting
feature is a localized adenopathy, most often in the neck.

TREATMENT OF NODAL MARGINAL ZONE LYMPHOMA
There is at present no consensus about the best treat-
ment, individual cases being managed differently
according to site and stage. Indeed, there are very few
studies comparing nodal MZL with the other low-grade
B-cell lymphomas. Treatment options may include sin-
gle-agent chlorambucil or fludarabine, or combination
chemotherapy regimens (such as the cyclophos-
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58Chapter 58
TREATMENT APPROACH TO 
PRIMARY CENTRAL NERVOUS
SYSTEM LYMPHOMAS
Tamara N. Shenkier and Joseph M. Connors

DEFINITION

Primary central nervous system lymphoma (PCNSL) is
a non-Hodgkin’s lymphoma (NHL) confined to the
craniospinal axis without evidence of systemic spread.
It should be distinguished from nodal or extranodal
NHL that has disseminated to the CNS, which is a dif-
ferent clinical entity. In this chapter, we will discuss
the epidemiology, pathology, clinical presentation,
diagnosis, and treatment of PCNSL in immunocompe-
tent patients. PCNSL that develops in the context of
acquired immunosuppression will be discussed in
Chapters 66 and 67.

EPIDEMIOLOGY

In the past, PCNSL has been reported to represent
about 1–2% of all NHL and 5% of all brain tumors.1

However, these numbers do not reflect the rising inci-
dence of this condition in the past three decades.
Much of this rise has been due to the AIDS epidemic,
but a two- to threefold rise has also been seen in the
immunocompetent population.2 Some population-
based studies  suggest this increase is a result of
improved detection due to the widespread availability
of computed tomographic (CT) scans and magnetic
resonance imaging (MRI) and due to better diagnostic
techniques, such as stereotactic biopsy. However, a
recent Surveillance, Epidemiology and End Results
(SEER) analysis refuted this hypothesis.3 It is reported
that the age-adjusted incidence increased from 0.15 to
0.48 per 100,000 person-years from 1973 to 1997. This
increase was seen in all age groups and both genders
and outpaced the increased incidence of systemic NHL
for this period sixfold. Furthermore, if this increase
were due to ascertainment bias, there would have been
an increased rate of glioma over time, which was not
seen. Although the rate of increase of PCNSL has lev-

eled off in the last decade, it appears that the true inci-
dence is increasing.

PATHOLOGY

The vast majority of PCNSL in immunocompetent
patients are Epstein Barr virus (EBV) negative diffuse
large B-cell lymphomas (DLBCL). Other histologies,
such as T-cell and small lymphocytic lymphoma, are
rare.2,4,5 Unlike other NHLs, it appears that the histolog-
ical classification of PCNSL does not have prognostic or
clinical importance.6 PCNSL usually grows in an angio-
centric pattern with sheets of cells that infiltrate adja-
cent brain parenchyma. Perivascular reactive T-cells are
seen in 30% of cases. The CNS is normally devoid of
lymphoid tissue; therefore, the site of the cell of origin
from which PCNSL develops is likely extraneural. This
cell possesses a specific tropism for the nervous system.
Both molecular genetic and immunophenotypic studies
have suggested that the cell of origin is from the germi-
nal center as BCL6 proto-oncogene mutations or BCL6
protein expression have been reported in the majority
of cases.7,8 Further evidence for this theory is the high
proportion of somatic mutations in the clonally
rearranged immunoglobulin heavy chains (VH genes)
from PCNSL specimens.9 More recent studies have
demonstrated a unique immunophenotype and gene
expression signature which is distinct from nodal dif-
fuse large B cell lymphoma and which may have both
prognostic and potential therapeutic implications.10,11

CLINICAL CHARACTERISTICS

PRESENTATION
Most patients present with an acute or subacute man-
ner with one of several clinical scenarios:  symptoms
of raised intracranial pressure (such as headache, nau-
sea, vomiting, drowsiness, or visual abnormalities);

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



progressive focal neurological deficits or, if the frontal
lobes are involved or there is diffuse parenchymal
infiltration, cognitive and behavioral abnormalities.12

Unlike other primary brain tumors, seizures are
uncommon, because PCNSL usually affects subcorti-
cal structures.

Central structures apart from the brain parenchyma
are often affected. The eye itself is a direct extension of
the brain, and 10–20% of patients with PCNSL have
ocular involvement at diagnosis.13,14 Ocular lym-
phomas can involve the vitreous, retina, choroid, or
optic nerve itself, and cause blurred vision, floaters, or
maybe clinically silent. The process may begin unilat-
erally, but eventually bilateral involvement develops.
The majority of patients, who present with ocular lym-
phoma alone, will eventually develop cerebral involve-
ment. Concomitant involvement of the leptomeninges
can be seen in 15% of patients, but is rarely the sole site
of disease.

Several large retrospective studies have described
the clinical characteristics of patients with
PCNSL.5,15,16 The median age at diagnosis is about 60
years, with a wide range of 12–85 years. There is a
slight male predominance, and two-third of patients
present with a poor performance status. One-third of
patients have elevated serum lactate dehydrogenase
(LDH). One-third of patients have involvement of
deep structures, including the cerebellum, basal gan-
glia, corpus callosum, and brain stem. Brain lesions are
multifocal in 30–40% of patients, and even when the
tumor is seemingly localized by MRI, microscopic dis-
ease involves radiologically normal brain tissue at

autopsy.17 Therefore, PCNSL should be considered dis-
seminated within the CNS at diagnosis. 

DIAGNOSIS
There is no single radiologic pattern of PCNSL that is
pathognomonic, but several distinctive neuroimaging
features can strongly suggest the diagnosis. CT scans
show iso or hyperdense lesions that homogeneously
enhance in 90% of cases.18 The neuroimaging tech-
nique of choice is MRI, which demonstrates an intense
signal on nonenhanced T1 imaging and dense, diffuse
enhancement in 90% of cases after administration of
gadolinium contrast (Figure 58.1). The lesions usually
have indistinct borders and less associated cerebral
edema than primary gliomas or metastatic tumors.1

They may be multiple in 30–35% of cases, are fre-
quently periventricular in location and usually involve
corpus callosum, thalamus, or basal ganglia. Experience
with positron emission tomography (PET) in immuno-
competent patients with PCNSL is progressively grow-
ing, but does not appear to distinguish PCNSL from
other malignant brain tumors.19 The use of PET in pre-
dicting response to therapy has not yet been addressed
in PCNSL. 

The best method to diagnose PCNSL is stereotactic
biopsy of an enhancing mass lesion. Subtotal resection
is not necessary therapeutically and is usual only per-
formed when the diagnosis of lymphoma is in doubt.
In some cases, the diagnosis is established by exami-
nation of a vitrectomy specimen from the eye or
cytopathology or flow cytometry of cerebrospinal
fluid (CSF), obviating the need for a brain biopsy. One
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Figure 58.1 An example of the MRI features of PCNSL. Pre- and postgadolinium T1 MRI images show-
ing an isodense lesion in the region of the left basal ganglia and thalamus. There is a mass effect with
compression of the left lateral ventricle and moderate surrounding edema. The lesion enhances homoge-
nously postcontrast



distinctive feature of PCNSL is that corticosteroids given
to relieve high intracranial pressure can have a potent
acute antitumor effect that removes all CT or MRI signs
of the lesions, sometimes prior to histologic diagnosis.18

However, without further treatment patients whose
tumors have regressed will inevitably relapse. Therefore,
whenever possible, steroids should be withheld until a
diagnostic biopsy has been obtained.

STAGING AND PROGNOSIS
Once the diagnosis is established, usually by stereotac-
tic biopsy of a cerebral lesion, further staging is
required. All patients should have a contrast-enhanced
brain MRI scan, chest radiography, testing for human
immunodeficiency virus (HIV 1 and 2), routine hema-
tology, and routine chemistry including serum LDH,
protein electrophoresis, creatinine, and liver enzymes.
As intraocular involvement and leptomeningeal infil-
tration are detected in a significant minority of cases,
tests to ascertain the presence or absence of disease in
these sites are warranted. Indirect ophthalmoscopy
and slit-lamp examination should be employed for the
evaluation of intraocular disease, and lumbar puncture
is recommended in patients in whom the test can be
done safely (i.e. those with no evidence of severe raised
intracranial pressure). The CSF should be evaluated for
protein, cytopathology and sent for flow cytometry.
Any patient who presents with seemingly isolated
intraocular or leptomeningeal disease should have a
contrast-enhanced brain MRI to rule out concomitant
intracerebral lesions.

There is controversy regarding how extensively
patients with PCNSL should be evaluated for evidence of
systemic lymphoma. Some advocate that staging of
patients with PCNSL should be similar to that of systemic
NHL. However, tests outside the CNS usually yield nega-
tive results; the disease is confined to the CNS in more
then 95% of patients.20 Although the inclusion of
patients who have not had complete staging workup in
prospective clinical trials has been reported to have led to
unreliable conclusions, the omission of bone marrow
examination and CT scanning of the chest, abdomen,
and pelvis has not led to any change in overall outcome
or pattern of relapse in a 13-year retrospective population-
based study in British Columbia.21–23 Recently standard-
ized guidelines for the baseline evaluation and response
assessment of PCNSL have been published. In the con-
text of clinical trials, adherence to these standards is crit-
ical to ensure comparability between studies.24

Prospective studies have consistently shown that
age less than 60 years and superior performance status
are related to better OS.25,26 In a recent study, three
additional factors also carried adverse prognostic sig-
nificance: elevated serum LDH, elevated CSF protein
concentration, and involvement of deep structures of
the brain (such as brainstem, basal ganglia, cerebel-
lum, and corpus callosum).27 The overall 2-year sur-
vival for patients with 0–1, 2–3, and 4–5 factors were

approximately 80, 50, and 20%, respectively. This five
factor model has not yet been validated in a separate
independent cohort of patients and is not yet in wide
clinical use.

PRIMARY TREATMENT

The diffuse nature of PCNSL and the existence of the
blood–brain barrier (BBB) have accounted for the lack
of success of treatment approaches, including those
used for primary brain tumors (e.g. surgical resection
and irradiation) and systemic lymphoma (e.g. CHOP
(cyclophosphamide, doxorubicin, vincristine, and
prednisone) based chemotherapy). The best treatment
modality for PCNSL has not yet been identified.

CORTICOSTEROIDS
Corticosteroids, which are part of the treatment of sys-
temic NHL, have a role in the treatment of PCNSL, by
reducing tumor-associated edema and causing lysis of
malignant lymphocytes. Although initial responses
may be as high as 40%, complete and durable responses
are rare.28 Neither the specific type nor the optimal dose
of corticosteroids has been established. Occasionally,
the clinical and radiographic features are highly 
suggestive of PCNSL, and the tumor has regressed fol-
lowing corticosteroids, making tissue confirmation
impossible. The initial response to corticosteroids
appears to predict for outcome.29 Those patients with
an excellent clinical and radiographic response follow-
ing corticosteroids alone have a better long-term out-
come than nonresponders.

SURGERY
Surgery is required to confirm the histologic diagnosis,
but has no therapeutic role. The median survival of
patients treated with supportive care alone is 1–3
months, compared to 4–5 months for those who
undergo surgical resection.30 Furthermore, because
PCNSL is often multifocal and deep within the brain,
resection is technically difficult. Extensive surgery
should be reserved for the occasional patient who
requires urgent intervention because of acute neuro-
logic deterioration due to cerebral herniation. 

WHOLE BRAIN IRRADIATION
Whole-brain irradiation (WBXRT) at doses of 40–50
Gy delivered with conventional fractions was the stan-
dard of care for years. Despite initial high response
rates (60–70%), local relapse is common, and the
median survival of treated patients is only 12–18
months.31,32 The reason for local relapse after excellent
response remains unclear, especially since irradiation
produces local control in 80–90% of cases of localized
DLCL.33 To assess the impact of increasing the dose of
irradiation, the Radiation Therapy Oncology Group
(RTOG) conducted a phase II prospective study of
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PCNSL patients treated with 40 Gy WBXRT plus a 20
Gy boost to the involved area.34 Despite this approach,
most relapses still occurred in the brain, and the local
control rate was only 39%. Seventy-nine percent of
these recurrences were in the region that received 60
Gy. The median survival was 12 months. 

Not only is WBXRT of 40–50 Gy only modestly
effective, but  it leads to unacceptable neurotoxicity in
a significant proportion of patients, especially when
combined with chemotherapy. Because of this prob-
lem, investigators have studied modifications of the
dose or volume of irradiation. The RTOG recently
reported a study using a methotrexate-based regimen
in combination with 45 Gy WBXRT. The protocol was
modified during the trial to deliver 36 Gy in a hyper-
fractionated scheduled to those patients who achieved
a complete response to chemotherapy.35 There was no
difference in local relapse or survival between those
who received the lower and higher doses of irradia-
tion, and the rate of neurotoxicity was the same. In
contrast, when the dose of WBXRT was reduced from
45to 30.6 Gy in two consecutive series of patients who
achieved a complete response to chemotherapy, the
3-year OS was compromised for patients younger than
60 years (92% vs. 60% p 
 0.04).36 Another study
assessed the outcome for patients treated with focal
irradiation instead of WBXRT.37 Patients treated with
margins less than 4 cm had higher out-field recur-
rences compared to those treated with �4 cm margins
(83% vs. 22% p 
 0.008).

In summary, these data demonstrate that a boost to
the tumor bed does not improve local control, but par-
tial irradiation compromises it. In order to achieve the
optimal benefit from irradiation, WBXRT should be
administered. However, the optimal dose and fraction-
ation of irradiation when combined with effective
chemotherapy is not yet defined. The threshold at
which local control is maintained and neurotoxicity is
minimized remains to be determined.

CHEMOTHERAPY IN COMBINATION WITH WBXRT
Chemotherapy in combination with WBXRT, or com-
bined modality therapy, has been used to treat PCNSL
for over two decades. Initially, chemotherapy regimens
used to treat systemic NHL were employed. Systemic
administration of CHOP  or CHOD (with dexametha-
sone), either before or after WBXRT, has been studied
in two phase II and one randomized phase III
trial.26,38,39 In the phase II, trials the reported median
survivals of 10 and 13 months were no better than his-
torical controls using WBXRT alone, and were associ-
ated with high toxicity and a 15% mortality. The ran-
domized trial of WBXRT followed by CHOP or no
further treatment showed no difference in failure-free
or OS between the two arms, although the study was
terminated early due to poor accrual. These data
demonstrate that there is no role for CHOP-type ther-
apy in the treatment of PCNSL. 

The BBB is a unique obstacle to the successful treat-
ment of brain tumors because high-molecular-weight
or polar compounds cannot cross an intact BBB.
Although there is partial disruption of the BBB in
PCNSL, early successful treatment with corticosteroids
effectively reconstitutes the barrier.40 Successful
inroads to treating PCNSL include selection of drugs
with physicochemical properties, such as lipid solubil-
ity and low molecular weight, which can permeate an
intact BBB. One such drug is methotrexate (MTX), an
antimetabolite that can penetrate the intact BBB when
given intravenously at doses over 1 g/m2.41 High-dose
MTX refers to systemically administered MTX, infused
over 4–6 h, at doses higher than 1 g/m2 and usually
over 3.5 g/m2, followed by folinic acid rescue. It plays
a modest role in the treatment of systemic lymphoma,
but has become the most important single agent in the
treatment of PCNSL. The optimal schedule, dose, and
regimen have not been established, but many mature
phase II trials of combined modality therapy with
MTX-based regimens have been published. These data
are summarized in Table 58.1 and report higher
median survivals than those seen with WBXRT alone.
As is the case with phase II trials in general, single
institutions report better outcomes than multi institu-
tional trials. The reasons for these differences may be
treatment-related, such as less familiarity with the
chemotherapy protocol, but may also include referral
bias, in that only a select number of patients are fit
enough to travel to a specific center for experimental
treatment.

Most of these trials used intrathecal and systemic
chemotherapy to prevent leptomeningeal relapse or
treat occult disease. Since intravenously infused,
rapidly administered MTX in doses above 3 g/m2 can
achieve cytotoxic CSF levels, it is unclear whether the
addition of intrathecal chemotherapy is necessary.
Furthermore complications arise from the placement
of an Ommaya reservoir. A recent case-controlled ret-
rospective study concluded that patients who received
3.5 g/m2 of MTX did not have improved disease con-
trol or survival with the additional administration of
intrathecal chemotherapy.42 However, this conclusion
did not apply to patients with overt positive CSF
cytology.

Several large retrospective series have examined
outcomes according to treatment.5,15 They provide
long-term follow-up on a heterogeneously treated
group of patients. One study of 466 patients in which
only 6%, who had been treated with MTX-containing
combined modality regimens. Those patients who
received at least two cycles of chemotherapy had a
median survival of 22 months, compared to 17
months for those treated with WBXRT alone. This dif-
ference was not significant. In the series from the
International Extranodal Lymphoma Study Group
(IELSG), about half of the patients were treated with
high-dose MTX-containing regimens prior to WBXRT.
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MTX 1g/m2 � 2   3 g/m2 ara-C Yes Single 58 31 40 (14) 40 42 22 5 yr CSS 60% 70, 82
� 2 (if � 50y)

MTX 3.5g/m2 3 g/m2 ara-C Yes Single 65 52 45 Not reached 60 50 Median OS 46
�5 � 2 33mo (if � 60y)

� Not reached
vincristine (if � 60y)
procarbazine

MTX 3.5g/m2 No Single 25 30 (variable) 32 33 83

C5R including Yes Single 51 25 20 (30) 56 Median FU 24 43
MTX 3g/m2 � 2 months
ara-C 500 mg/m2

� CHOP type

MTX 2.5g/m2 � 5 Yes Multi 57 102 a) 45 24 36 32 Median OS 35
� b) 36 22 mo (if � 60y)

vincristine 50 mo (if � 60 yr)
procarbazine

MTX 1 g/m2 � 2 Only in 3 Multi 58 46 45 (5.4) 40 33 49
pts with 
� CSF

MTX 3 g/m2 � 2 yes Multi 51 52 40 46 58 (3 yr%) 10% toxic 44
� deaths

Teniposide
carmustine

Table 58.1 Results of combined modality treatment for PCNSL using MTX-based regimens

WBXRT

Chemotherapy (Systemic) Median dose Gy Median PFS Median OS
IT chemo Institution Age (yr) N (boost) (months) (months) 5y% Comments Reference

Pre XRT Post XRT

XRT 
 irradiation; MTX 
 methotrexate; FU 
 follow-up; WBXRT 
 whole brain irradiation; PFS 
 progression-free survival; OS 
 overall survival; ara-C 
 cytarabine; IT 
 intrathecal;
CSS 
 cause specific survival.



The overall 2-year survival was 37%, but rose to 60%
for those patients who received MTX as part of their
primary therapy. In addition, a multivariate analysis
suggested that for those patients treated with MTX,
the addition of high-dose cytarabine also contributed
to a survival benefit. However, due to the heteroge-
neous treatment approach and multicenter nature of
the study, one cannot determine the optimal
chemotherapy approach for this disease based on
these data. The observation of a better prognosis with
cytarabine should be interpreted with caution as it
may not be attributable to treatment itself but to other
known or unknown prognostic factors affecting the
selection of the treatment. We studied the outcomes
for 122 patients with PCNSL treated with three con-
secutive therapeutic approaches over 13 years in
British Columbia. The median OS was 17 months.
When analyzed by intention-to-treat, outcomes had
not changed over time. However, those patients who
received MTX, regardless of age and performance sta-
tus, had a median OS of 31 months.23

The results of phase II studies and the retrospective
series will not be corroborated by a phase III random-
ized trial, because expert opinion has determined that,
based on the available data, MTX-based chemotherapy
should be administered along with WBXRT. The
median survival of patients treated with this approach
ranges from 33 to 60 months, compared to 12–18
months for those given WBXRT alone. Although a
selection bias cannot be excluded, it likely does not
account for all of the benefit attributed to MTX.
However, there are many outstanding issues regarding
the use of MTX in combined modality treatment
including the optimal dose of MTX, duration of treat-
ment, and best chemotherapy regimen. Studies have
used doses ranging from 1 to 8 g/m2. Our data and the
IELSG series showed no difference in outcome accord-
ing to dose. Most studies and ongoing protocols use
3–4 g/m2. Although one retrospective study suggested
that cytarabine contributed independently to out-
come,5 there has been no randomized comparison of
different chemotherapy regimens. In general, the
more intensive multiagent protocols, such as C5R43

and MBVP,44 have reported higher acute treatment-
related morbidity and mortality compared to simpler
protocols.

NEUROTOXICITY
Although the acute toxicity from simple MTX-based
combined modality treatment is acceptable, delayed
neurotoxicity resulting from the combined effects of
MTX and WBXRT is a serious problem that limits the
overall efficacy of these regimens. The condition is
termed “leukoencephalopathy,” and is characterized
by diffuse white matter abnormalities, cortical atro-
phy, and ventricular dilatation.45 Clinically, patients
present with a progressive and irreversible neurologi-
cal syndrome of cognitive impairment, ataxia, and

incontinence, which develops a median of 9–16
months following treatment. The incidence of neuro-
toxicity seems to be related to several variables one of
which is the use of WBXRT. One study reported that
surviving patients older than 60 years who received
WBXRT following MTX-based chemotherapy had a
83% risk of leukoencephalopathy, compared to 17%
in those who were not irradiated.46 Only 6% of
patients under age 60 years who were irradiated devel-
oped this complication. However a trial from
Germany in which complete responders to induction
chemotherapy were randomized to WBXRT or not
reported equivalent rates of neurotoxicity in older and
younger participants (19% and 21%, respectively).
Moreover, the rates did not differ between those who
received WBXRT and those who did not.47 Other stud-
ies have reported a 22–26% incidence of this prob-
lem.48,49 Subtler forms of this condition are not as well
documented, but one study reported that only 20% of
patients aged 40–60 years at diagnosis, who were alive
and disease free at 4 years, were capable of working.48

Finally, it is unclear whether there is an independent
contribution of intrathecally administered chemother-
apy to the development of leukoencephalopathy. In
one trial of combined modality treatment, there was
no significant difference in the rate of neurotoxicity
between those who received intrathecal chemother-
apy and those who did not.42

In an effort to reduce leukoencephalopathy, current
treatment strategies are focusing on using chemother-
apy alone and deferring WBXRT for responders, espe-
cially in older patients. Since cognitive impairment
often is present at diagnosis in PCNSL, this approach
will not entirely prevent chronic neurological symp-
toms. However this complication has been reported less
commonly in those patients treated with chemothe-
rapy alone.47,50–52

CHEMOTHERAPY ALONE
Chemotherapy approaches have included using MTX
as a single agent, combining MTX with other drugs
that penetrate the BBB, and administering high-dose
chemotherapy and stem cell rescue in patients who
respond to induction MTX-based regimens. These
studies are outlined in Table 58.2 and demonstrate a
wide range of OS. The striking difference compared to
combined modality treatment appears to be the mini-
mal neurotoxicity.

While the majority of studies have focused on
using combinations of chemotherapy agents that pen-
etrate the BBB, other investigators developed adminis-
tration strategies that improve drug delivery to the
brain. With the patient under general anesthesia, the
femoral artery is catheterized and an osmotic agent,
mannitol, can be used to temporarily disrupt the BBB.
This is followed by the intravenous and intraarterial
infusion of chemotherapy, and is repeated monthly
for up to 12 cycles in responding patients.59 One
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8g/m2 � 4 None No Multi 59 59 12.8 55.4 No 53

3.5 g/m2 � 13

8 g/m2 � 8 None No Single 63 31 16.7 30.4 No 54
3.5 g/m2 �

indefinite

8 g/m2 � 6 None No Multi 60 37 13.7 CR 30% 55
for responders PD 38%

1 g/m2 � 3 Lomustine Yes Multi 72 50 8 14 8% 56
procarbazine
steroids

5 g/m2 � 2 cytarabine Yes Multi 62 65 21 50 �60 yr 3% 57
ifosphosphamide estimated
vincristine 2y OS 
 80%
cyclophosphamide �60 yr med-
vindesine ian OS 
 34

months

3.5 g/m2 � 5 Responders No Multi 53 28 (14 5.6 (all) not reached one acute minimal 58
� completed toxic death

3 g/m2/d � 2 BEAM � ASCT BEAM � ASCT 9.3 (BEAM)
cytarabine

Table 58.2 Results of selected trials of MTX based chemotherapy alone in the treatment of PCNSL

Chemotherapy (Systemic)
IT Median Median Median

MTX dose Other drugs chemo Institution Age (yr) N PFS (mo) OS (mo) Comments Neurotoxicity Reference

CR 
 complete response; OS 
 overall survival; IT 
 intrathecal; PD 
 progressive disease; PFS 
 progression-free survival; MTX 
 methotrexate; BEAM � ASCT 
 carmustine,
etoposide, cytarabine, melphalan � autologous stem cell transplant.



center treated 74 patients this way over 15 years and
reported a median OS of 40 months and a 5-year OS of
42%. Ten patients experienced significant acute mor-
bidity and mortality, but no cases of neurocognitive
impairment were seen in surviving patients. There
have been no randomized trials comparing conven-
tionally administered chemotherapy to that delivered
with BBB disruption. In view of this as well as the pro-
cedural complexities and acute toxicity associated
with this approach, this technique has not been
widely adopted.

Ongoing clinical trials are focused on adding addi-
tional agents to MTX such as thiotepa, ifosfamide, or
rituximab.57,60,61 Rituximab is a chimeric anti CD20
monoclonal antibody that improves the survival of
patients with systemic diffuse large B cell lymphoma
when administered with CHOP.62 Because of its
physicochemical characteristics, it does not pene-
trate an intact BBB. Despite this, several studies are
currently exploring it’s use in the treatment of
PCNSL.61 In addition to trying to enhance efficacy,
current trials are also attempting to reduce the toxic-
ity of combined modality treatment by either reduc-
ing the dose of WBXRT or deferring it entirely for
patients who achieve a complete response to sys-
temic therapy.63,64

SPECIAL THERAPEUTIC CIRCUMSTANCES

INTRAOCULAR LYMPHOMA
When intraocular lymphoma (IOL) is present at diag-
nosis, there is usually concomitant cerebral involve-
ment. If WBXRT is being used in the primary treat-
ment, the eyes should also be included in the
irradiation field. The long term side-effects of orbital
irradiation include the development of cataracts, reti-
nal detachment, and optic nerve atrophy. High-dose
intravenous MTX alone can achieve therapeutic con-
centrations in the vitreous humour.65 One study
reported a complete response in four of five patients
with IOL treated with this approach.66 This suggests
that orbital XRT can be deferred in patients with stable
visual findings who receive MTX. One approach is to
assess for persistent disease after four cycles of
chemotherapy. If IOL is still detected, then orbital irra-
diation can be administered.

It is rare for patients to present with IOL alone.
Ninety percent of these patients will eventually
relapse in the brain, and any treatment approach
should keep this in mind. Chemotherapy alone, with
orbital and/or WBXRT reserved for persistent or pro-
gressive disease, is an attractive option that mini-
mizes toxicity.

LEPTOMENINGEAL LYMPHOMA
Leptomeningeal involvement is seen in about 15% of
patients diagnosed with PCNSL. The presentation is

commonly clinically silent and only detectable by
cytological examination of the CSF. Less frequently,
there can be overt cranial nerve or nerve root symp-
toms that are easily visible as gadolinium enhance-
ment of the leptomeninges on MRI examination.
Leptomeningeal disease is usually present with intrac-
erebral involvement, but in 1–2% of cases it is the sole
site of PCNSL.

The treatment depends on the extent of the dis-
ease. If bulky disease is present and symptomatic,
localized irradiation to the spinal cord or skull base
should be employed but chemotherapy, delivered
either intrathecally or intravenously, is required to
take care of disease disseminated throughout the CSF.
Systemic chemotherapy with 8 g/m2 of MTX does pen-
etrate the CSF and achieves prolonged cytotoxic CSF
concentrations at least comparable to those from
intrathecal administration.67 Intrathecal administra-
tion of MTX or cytarabine usually requires insertion
of a ventricular reservoir because the drugs are given
twice a week, due to the short half life in the CSF. A
sustained release form of liposomal cytarabine,
administered every 2 weeks, has been compared to
conventional cytarabine for the treatment of lym-
phomatous meningitis.68 Those patients who received
the sustained release formulation had a higher
response rate (71 vs 15%) and greater improvement in
performance status than those who were treated with
conventional cytarabine. 

If leptomeningeal involvement is clinically silent
and detected only by cytological examination of the
CSF, it is unclear whether or not intrathecal chemother-
apy needs to be given when chemotherapy regimens
that include high-dose intravenous MTX are employed
as primary treatment.42,66 One approach is to follow
such patients carefully and withhold intrathecal treat-
ment if the patient is improving and the CSF cytology
clears after four cycles of MTX.

SPINAL LYMPHOMA
True intramedullary spinal cord lymphoma, in con-
trast to epidural disease, is very rare. Intracerebral,
intraocular, and leptomeningeal disease should be
ruled out with the staging investigations described in
the section above. If the lymphoma is confined to
the spine, combined modality treatment with MTX-
containing chemotherapy and localized irradiation
is recommended.

TREATMENT FOR RELAPSED OR
REFRACTORY DISEASE

The majority of patients with PCNSL relapse following
primary treatment, and a significant minority have
progressive disease during primary treatment. One
retrospective study of 173 patients concluded that
patients whose overall condition is suitable to receive
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salvage therapy have significantly prolonged survival
compared to those who are given no further treatment
(14 vs 2 months).69 Although this improved survival
may be largely due to patient, rather than treatment-
related factors, fit patients should be offered salvage
treatment. However, there are no standard recommen-
dations for second-line therapy as most studies are
small case series of heterogeneously treated patients.
The choice of treatment depends on the patient’s prior
treatment, the site of relapse (brain, ocular, lep-
tomeningeal, spinal, systemic, or a combination), and
the disease-free interval.

Patients who relapse in the brain following WBXRT
(either alone or as part of combined modality treat-
ment) should be offered chemotherapy. MTX can be
administered to those who did not receive it during
first line therapy, although neurotoxicity remains a
concern with this sequence of therapy. Several
chemotherapy options have been reported to be useful
for those who progress or relapse soon after MTX-
based combined modality treatment. These include
high-dose cytarabine (3g/m2),70 PCV (procarbazine,
lomustine, and vincristine),71 thiotepa, temozo-
lamide,72 and topotecan.73,74 High-dose chemotherapy
with thiotepa, busulfan, and cyclophosphamide fol-
lowed by autologous peripheral blood stem cell (PBSC)
infusion can result in 64% survival at 3 years, but was
too toxic for patients over 60 years of age. Of the 22
patients who were treated with this approach, 14 had
received CYVE (cytarabine and etoposide) to ascertain
chemosensitivity prior to high-dose treatment.75 There
are ongoing studies using rituximab intravenously for
relapsed disease.76,77

WBXRT can be used at progression or relapse if it
was not part of the initial therapy. One study reported
an overall response of 76 % and a median survival of
6.8 months with this strategy while another reported a

median survival of 11 months.78,79 However WBXRT
mat not be essential as some patients with a long dis-
ease-free interval after receiving MTX alone as their
primary treatment can be effectively retreated with the
same chemotherapy regimen. In one study, 9 of 11
patients achieved a second complete response after
reinduction.80

Patients who have an isolated intraocular relapse
following treatment with chemotherapy alone should
be treated with ocular XRT. Since these patients are
also at high risk of relapse in the brain, WBXRT can be
considered, but it may be deferred until intracerebral
progression is demonstrated. The report of high-dose
chemotherapy and PBSC rescue described above
included eleven patients with intraocular involve-
ment, four of whom had isolated ocular disease and
demonstrated its feasibility in this group. For patients
whose eyes have been previously irradiated, intravit-
real MTX is also an option.81

Patients who relapse in the leptomeninges can be
managed with spinal cord irradiation, intrathecal or
systemic chemotherapy as described in the
Leptomeningeal Lymphoma section above.

SUMMARY

There are still several unresolved issues regarding the
optimal management of PCNSL. The need for WBXRT,
especially in patients over 60 years old, remains con-
troversial and the best compromise between disease
control and delayed neurotoxicity has not been identi-
fied. PCNSL is a chemosensitive disease but the opti-
mal systemic regimen has yet to been defined. Other
controversial issues include the role of intrathecal
chemotherapy for primary treatment and the optimal
salvage treatment for refractory and relapsed disease.
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TREATMENT APPROACH TO
CUTANEOUS LYMPHOMAS
Christiane Querfeld, Timothy M. Kuzel, 
Joan Guitart, and Steven T. Rosen

Cutaneous lymphomas comprise both T- and B-cell
subtypes and represent a heterogeneous group of non-
Hodgkin’s lymphomas. There are no standard guide-
lines for the treatment of these entities. However, pre-
cise diagnosis and identification of prognostic features
is critical in determing therapy.1 Select subtypes can be
cured, while prolongation of life and effective pallia-
tion can be achieved in the majority of patients. 

TREATMENT OF PRIMARY CUTANEOUS
B-CELL LYMPHOMA

The classification of primary cutaneous B-cell 
lymphoma (PCBCL) remains controversial with sepa-
rate and distinct terminology promoted by the
Working Formulation, the Revised European–American
Lymphoma (REAL) classification, the World Health
Organization (WHO) and the European Organization
for Research and Treatment of Cancer (EORTC).2–4

Most long-term follow-up data are based on studies
according to the EORTC (Table 59.1). The varied classi-
fication schemes make it difficult to interpret the liter-
ature concerning treatment. 

PCBCLs are characterized by a favorable prognosis
with a tendency to remain localized to a limited area of
the skin and a low risk of extracutaneous spread.
Compared to cutaneous T-cell lymphoma (CTCL),
experience with treatment of PCBCL is more limited
and focuses on follicle center cell lymphoma
(FCCL). The optimum treatment for marginal zone
lymphoma (MZL)/immunocytoma (IC), large B-cell
lymphoma of the leg (LBCL of the leg), and the pro-
visional entities remains controversial. Traditional
treatment approaches, including surgical excision,
local radiation, and/or chemotherapy, are most com-
monly used, but relapses occur frequently. Antibiotics
may be used as a first-line treatment of Borrelia burgdor-
feri-associated primary cutaneous B-cell lymphoma.5,6

Biologic therapies, such as interferon alpha and ritux-
imab, a chimeric monoclonal antibody directed against

CD20 cell surface marker, have been incorporated into
treatment strategies.7,8 In select patients with relapsing
and refractory disease, autologous or allogeneic trans-
plantation is appropriate. 

RADIATION THERAPY
PCBCL are highly radiosensitive, and radiation ther-
apy is often the preferred therapy for solitary or local-
ized grouped lesions. There are few retrospective stud-
ies available on radiotherapy of PCBCL, and they
include small numbers of patients. Prospective trials
have not been reported. Reported complete remission
rates range from 92 to 100%, with 5-year survival rates
ranging from 67 to 100%.9–12 However, cutaneous
recurrences are common, and were observed in
16–67% of patients.

In a recent retrospective study, 34 patients with
PCBCL treated with radiotherapy were identified and
classified according to EORTC and WHO criteria.9

Twenty-six patients were treated with electron beam
radiation, six patients with orthovoltage radiation,
and one patient each with photon beam radiation and
combination of photon and electron beam radiation.
The authors note that a 2- to 3-cm margin added to the
radiation site is generally used at their institution,
although exact data were not available. All patients
achieved a complete response (CR) to initial treat-
ment. Five-year relapse-free survival ranged from 62 to
73% for follicle center cell (FCC) by EORTC/diffuse
large B-cell lymphoma (DLBCL) by WHO, FCC by
EORTC/follicular lymphoma (Fol) by WHO, and MZL
by EORTC and WHO, with a 5-year overall survival of
100%. Patients with LBCL of the leg by EORTC/leg
DLBCL by WHO showed worse results, with a 5-year
relapse-free survival of 33% and a 5-year overall sur-
vival of 67%. However, only three patients were classi-
fied as leg DLBCL. The less favorable prognosis of
the anatomic site leg seems to be consistent with
previously published data and EORTC classifica-
tion.2,13 Eight of 13 relapses were confined to the
skin and 5 developed extracutaneous spread. The
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median radiation dose was 40 Gy, and ranged from 20
to 48 Gy. Patients receiving doses less than 36 Gy
showed an increased risk of recurrence. 

Eich et al. retrospectively examined 35 patients
with PCBCL, mostly with FCCL.10 Four patients were
identified with LBCL of the leg. They treated 32
patients with electron beam radiation (5–12 MeV), 2
with photon beam radiation (5 MV), and 1 with a
combination thereof (5 MeV, 6 MV). Thirty-four
patients achieved a CR after initial treatment.
However, cutaneous relapses occurred in 31% of

patients, mostly at nonirradiated sites. Five-year
relapse-free survival of all patients was 50%, with a 5-
year overall survival of 75%. Median dose to target was
45 Gy, and ranged from 27 to 54 Gy with a median
fractionated dose of 1.8 Gy. Reported radiation mar-
gins ranged from 2 on the head to 5 cm on the trunk
and extremities. Treatment was generally well toler-
ated with documented grade I reactions in 30 patients
(86%) according to EORTC criteria14 and teleangiecta-
sia in 3 patients after a median of 3 years. 

Kirova et al. reported 25 patients treated with ini-
tial radiation, with similar results.11 All patients were
treated with electron beam therapy delivered with
electrons of 8-MeV energy and total doses ranging
from 30 to 40 Gy. Depending on the extent of skin
disease, either extended field or localized field irradi-
ation was used. A healthy skin margin of at least 2.5
cm was included in the radiation field. The CR rate
was 92%, with a 5-year overall survival of 75%. The 5-
year disease-free survival was 75%. Relapses occurred
between 2 months and 13 years in 16% of the
patients, primarily in unirradiated sites. Side effects
were usually grade I reactions at presentation, with
occurrence of skin cancer in one patient after 
10 years.

Rijlaarsdam et al. reported 55 patients with FCCL.
Forty patients received radiation therapy.12 Thirty-
one were treated with electron beam, eight with pho-
ton beam equipment, and one with orthovolt radia-
tion. Doses ranged from 30 to 40 Gy with 2-cm safety
margins. All patients achieved CR. The reported
relapse rate was 20% (8 patients). Four patients had
leg involvement. A better estimated 5-year survival
rate of 89% for all patients was reported, which
might be related to the indolent nature of FCCL.
Three patients with tumors on the legs died of
disease.

SURGERY
Except for anecdotal case reports of successful treat-
ment of PCBCL with surgical excision, no studies have
proven its efficacy. Local recurrences are frequently
observed in more than 50% of patients; therefore,
combinations of surgery, radiotherapy, or chemother-
apy are frequently used.15,16 Surgical excision can be
considered for small, localized lesions; however, the
advantage over radiotherapy is unknown. 

CHEMOTHERAPY
Systemic chemotherapy has been used in the treat-
ment of PCBCL, especially for patients with multifo-
cal or extensive lesions or with LBCL of the leg, as
they are to be considered at higher risk of developing
systemic involvement.2 Several studies have shown
the high efficacy of multiagent chemotherapy, with
CR rates in up to 89% of the cases.17 The cyclophos-
phamide, doxorubicin, vincristine, and prednisone
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Table 59.1 The WHO-EORTC classification for primary
cutaneous lymphomas and associated frequency and 
5-year survivala

Cutaneous T-cell and NK-cell lymphoma
Indolent
Mycosis fungoides 44 88

■  Follicular MF 4 80
■  Pagetoid reticulosis �1 100
■  Granulomatous Slack Skin �1 100

CD30� lymphoproliferative
diseases
■  Anaplastic large cell 8 95

lymphoma
■  Lymphomatoid 12 100

Papulosis
Subcutaneous panniculitis-like 1 82

T-cell lymphoma
CD4� small/medium 2 72

pleomorphic T-cell lymphoma

Aggressive
Sézary syndrome 3 24
Cutaneous peripheral T-cell 2 16
lymphoma, unspecified

■  Cutaneous aggressive �1 18
CD8� T-cell lymphoma

■  Cutaneous �/� T-cell �1 –
lymphoma

Cutaneous NK/T-cell �1 –
lymphoma, nasal-type

Cutaneous B-cell lymphoma
Indolent
Follicle center cell lymphoma 11 95
Marginal zone lymphoma 7 99

Intermediate clinical behavior
Large B-cell lymphoma 4 55

of the leg
Cutaneous diffuse large B-cell �1 50

lymphoma, other
Intravascular large B-cell �1 65

lymphoma

aData from Willemze R, Jaffe ES, Burg G, et al.: WHO-EORTC classifi-
cation for cutaneous lymphomas. Blood 105:3768–3785, 2005.

Frequency 5-year survival
WHO-EORTC (%) (%)



(CHOP) regimen has been found to be superior to
cyclophosphamide, vincristine, and prednisone
(COP) by some investigators.14,17

Rijaarsdam et al. reported  a small, nonrandomized
trial that included only 15 patients with FCCL treated
with initial polychemotherapy.14 Eleven patients
received six cycles of CHOP and four patients received
COP. CR occurred in 14 of 15 patients, with an esti-
mated 5-year survival rate of 93%. All 4 patients
treated with COP relapsed, whereas only 2 of 11
patients treated with CHOP relapsed. A study by
Santucci et al. of 65 patients with PCBCL included 6
patients treated with COP or COP with bleomycin
(COP-B). CR occurred in all six patients; however, four
of them relapsed within 2–14 months.18

A follow-up study of 81 patients, in which 46 with
PCBCL were treated with CHOP or COP, showed a CR
rate of 89% and a 5-year survival of 97%, with a
relapse-free survival of 70%. However, the relapse
rate was 33%, and 55% in patients with LCBCL of the
leg.17

Recently, Sarris et al. evaluated the outcome after
doxorubicin-based polychemotherapy versus radio-
therapy for patients with cutaneous DLBCL diagnosed
according to the Working Formulation.19 Ten patients
received radiation and 33 received doxorubicin-based
chemotherapy followed by radiation in 25 cases. The
latter included eight patients with FCCL. The CR rate
was 90% for radiation, 88% for doxorubicin-based
chemotherapy, and 100% for combined modality. The
12-year progression-free survival of 71% was signifi-
cantly higher in patients treated with chemother-
apy/combined modality therapy compared with radio-
therapy alone, in which it was 0%. Twelve-year overall
survival was 77% in patients treated with chemother-
apy/combined modality therapy versus 25% in
patients treated with radiotherapy. In this series, the
majority of patients had lesions on the head, neck, and
trunk.

In contrast, Bekkenk et al. (as previously noted)
found in a limited number of patients with multifocal
FCCL or MZ/IC no difference in outcome and progno-
sis after treatment with either radiation or chemother-
apy.20 Polychemotherapy consisted of six cycles of
either CHOP or COP therapy in nine patients with
FCCL. Five patients received electron beam radiation,
with a target dose of 40 Gy. All patients achieved a CR,
with a median relapse-free survival of 36 months.
Eight patients were diagnosed with MZ/IC. Two of
them received CHOP or COP, respectively; one patient
was treated with Chlorambucil, three with radiation or
surgical excision, and two patients with topical
steroids. Only the patient treated with CHOP achieved
a CR. Cutaneous relapses occurred in two patients with
FCCL treated with chemotherapy and in all patients
with MZ/IC. One patient with FCCL developed extra-
cutaneous disease. 

PERIPHERAL STEM CELL TRANSPLANTATION
The prognostic value of stem-cell transplantation in
larger series of patients with primary CBCL has not
been evaluated. Responses to high-dose therapy (HDT)
followed by autologous stem cell transplantation
(ASCT) have been reported to be effective in CBCL.21 A
series of 14 patients with cutaneous lymphomas
treated with HDT/ASCT included three patients with
disseminated and relapsed FCCL/DLBL. Eight patients,
seven with CTCL, relapsed. Six of these patients
relapsed within 4 months. No relapse occurred in
patients with FCCL/DLBL, with a disease-free follow-
up time of 15 months, 36 months, and 5 years, respec-
tively. 

RECOMMENDED TREATMENT APPROACH FOR
PRIMARY CUTANEOUS B-CELL LYMPHOMA
The clinical course and prognosis of CBCL is excel-
lent and significantly differs from systemic lym-
phomas. Our approach to treatment strategies
depends on the number and localization of lesions
and the patient’s age and health condition. The tox-
icity of treatment should not outweigh the cosmetic
and functional disability of the disease. We prefer
initial observation for patients with unifocal or mul-
tifocal lesions. If cosmetic consequences are a con-
cern, we use local therapies such as radiation, intrale-
sional steroid injection, and surgery or rituximab.
We reserve systemic doxorubicin-based chemother-
apy with or without rituximab for recurrent multile-
sional or disseminated cutaneous or extracutaneous
tumors or LBCL of the leg. 

TREATMENT OF PRIMARY CUTANEOUS 
T-CELL LYMPHOMA

No treatment cures patients with the indolent forms of
CTCLs, such as mycosis fungoides (MF)/ Sézary syn-
drome (SS) and lymphomatoid papulosis (LyP).
Prognosis and survival of patients with CTCL remains
dependent upon overall clinical staging and response
to therapy. Over the last decade, various effective treat-
ment modalities and novel treatment approaches have
been developed for patients with MF/SS, which are
based on an increased understanding of the pathobiol-
ogy of the disease. However, experience with patients
with other rare CTCL is limited, and the selection of
treatment strategies remains more difficult. 

TREATMENT OF EARLY STAGE MYCOSIS FUNGOIDES
Treatment of MF/SS includes topical and systemic ther-
apies that can be administered alone or in combina-
tion. In early stage IA to IIA MF, the disease is mostly
limited to the upper dermis, with prominent epider-
motropism that can be treated successfully with topi-
cal modalities. Multiagent chemotherapy regimens,
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used early in the course, demonstrated no survival
benefit.22 Various topical treatment options exist for
early stages. 

TOPICAL STEROIDS
Although widely used, limited data are available
regarding the use of topical steroids in early stage MF.
In an investigational trial, 79 patients were treated
daily with topical class I-III steroids.23 Thirty-two
(63%) stage T1 patients and seven (25%) stage T2
patients achieved complete clearing. Thirteen patients
(40%) with stage T1 and two patients (29%) with stage
T2 relapsed; however, the median observation time
was only 9 months. Reported side effects were minor
skin irritation in 2 patients, reversible skin atrophy in
1 patient, and reversible depression of serum cortisol
levels in 10 patients. 

TOPICAL CHEMOTHERAPY
Topical nitrogen mustard has been used for manage-
ment of MF since 1959.24 Many investigators have
demonstrated the efficacy of topical nitrogen mus-
tard in patch and/or plaque disease of MF.25 A recent
update of 203 patients with MF (clinical stage I–III)
treated with topical nitrogen mustard demonstrated
CR rates of 76–80% for patients with stage IA and
35–68% for those with stage IB disease.26 Fewer than
10% of patients developed progression of disease.
Most common side effects were irritant contact der-
matitis. No secondary malignancies related to ther-
apy were reported. Topical Carmustine (BCNU)
showed similar results, with an 86% CR rate; how-
ever, patients may develop progressing teleangiec-
tasias from treatment.27 Mild leukopenia occurred in
3.7% of the patients. 

TOPICAL RETINOIDS
Topical retinoid application may be an effective
approach in early stage MF. They exert their effects
through two basic types of nuclear receptors: the
retinoic acid (RAR) and rexinoid (RXR) receptor family.
No comparison of different retinoids has been evalu-
ated. In a dose-escalating phase I/II trial of the RXR-
specific retinoid bexarotene, 0.1–1.0%, the CR rate was
21%, with an overall response rate of 63%.28 Side
effects were restricted to the application site and con-
sisted of mild to moderate irritation, with erythema in
73% of the cases. Bexarotene 1% gel was approved by
the Food and Drug Administration (FDA) as a therapy
for stages IA through IIA MF. 

PHOTOTHERAPY/PHOTOCHEMOTHERAPY
Ultraviolet (UV) light of different wavelengths has been
used for many years. UVA (320–400 nm) and UVB
(290–320 nm) are most common. Treatment combina-
tion with UVA and photosensitizing compounds (pso-
ralens) is termed PUVA. PUVA has been used since 1976
in the treatment of various dermatological diseases

including CTCL, and is one of our preferred treatment
options in early stage MF.29 It is extremely effective at
clearing patch and plaque disease; however, the impact
of maintenance therapy remains uncertain. Several
studies confirm high remission rates in early stages of
MF, with reported complete remissions in up to 71.4%
of patients.29–32 Long-term remissions have been
reported for PUVA. We evaluated follow-up data of 66
patients with early stage disease who achieved CR after
PUVA monotherapy, and showed that 50% of the
patients maintained CR with a median of 84 months,
and 50% of the patients relapsed with a median dis-
ease-free interval of 39 months. Median follow-up time
was 94 months.32 Reported short-term side effects were
most commonly nausea and erythema. About 30% of
patients developed skin malignancies, such as squa-
mous or basal cell carcinoma. 

The efficacy of UVB is more limited to patch stage,
while PUVA is also effective in clearing plaques. The
effects of UVB phototherapy were retrospectively eval-
uated in 37 patients with MF limited to patch/plaque
disease.33 Seventy-one percent achieved a CR, with a
median duration of 22 months. Eighty-three percent
of patients with disease limited to patches achieved
remission, whereas none of the patients with plaque
disease achieved remission. Narrowband (NB)-UVB is
considered to be less carcinogenic and may be an alter-
native treatment option in early stage MF. In three
small retrospective analyses, patients with clinical
stage IA/IB and parapsoriasis and treated with NB-UVB
showed CR rates between 54.2 and 83%.34–36 However,
remission times were short and a maintenance sched-
ule has been difficult to establish. Long-wave ultravio-
let A (UVA1) has likewise shown efficacy in single case
reports.37

TOTAL SKIN ELECTRON BEAM THERAPY
Recently published data of the therapeutic efficacy of
total skin electron beam therapy (TSEB) from centers
with extensive experience showed 40–98% complete
remission rates among patients with stage IA and MF
IB, with approximately 50% of patients with clinical
stage IA and 25% of patients with clinical stage IB
remaining in long-term remission.38 TSEB treatment in
early stages remains controversial because of its poten-
tial toxicity. Side effects can be significant, and consist
of erythema, edema, scaling, ulceration, and irre-
versible loss of skin adnexa. TSEB may be repeated for
palliative effects, although at reduced doses. Adjuvant
therapy including PUVA, photopheresis, and INF-�
may improve the duration of response. 

RECOMMENDED TREATMENT APPROACH FOR 
EARLY STAGE MYCOSIS FUNGOIDES
Nonrandomized clinical trials have not suggested that
any one skin-directed therapy is preferable. Treatment
choice should be made with the patient’s preference and
practitioner’s skill in mind. Our philosophy regarding
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the management of patients is to maximize benefits
while minimizing side effects. Therefore, we advocate
the use of topical monotherapy. If patients fail to
respond, we switch to a different topical therapy. Our
first-line treatment for early stage patients is PUVA or
NB-UVB therapy. However, in cases of refractory early
stages we consider combination therapy such as
PUVA or NB-UVB with low-dose systemic bexarotene
or INF-�.

TREATMENT OF ADVANCED STAGE MYCOSIS
FUNGOIDES/SÉZARY SYNDROME
Patients may ultimately progress into more aggressive
and advanced disease with either cutaneous or extracu-
taneous tumor manifestations. Treatment goals in
advanced stages should be to reduce tumor burden, to
relieve symptoms, to decrease the risk of transformation
into aggressive lymphoma, and to preserve quality of
life. Standard methods include mono- or poly-
chemotherapy, extracorporeal photopheresis, interfer-
ons, retinoids, monoclonal antibodies, recombinant
toxins, combination therapy, and high-dose chemother-
apy with allogeneic stem cell transplant. 

SYSTEMIC CHEMOTHERAPY
Systemic chemotherapy should be restricted to patients
with advanced stage disease or with multiple relapsed
and refractory plaques and tumors. Established treat-
ment options include single-agent or multiagent
chemotherapy such as steroids, methotrexate, chloram-
bucil, vincristine, doxorubicin, cyclophosphamide,
etoposide, and alkylators. Combination chemotherapy
with CHOP or CHOP-like therapies has been shown to
achieve higher response rates of approximately
70–80%.39 Eighty-one patients (46 primary CBCL and
35 CTCL) were treated with COP or CHOP regimens.
The overall response rate was 40% in CTCL patients,
with a CR in 23% of patients. The median response
duration was 5.7 months and median survival was 19
months. A phase II trial with the etoposide, vin-
cristine, doxorubicin, cyclophosphamide, and oral
prednisone (EPOCH) regimen in 15 patients with
refractory CTCL resulted in an overall response rate of
80%.40 Twenty-seven percent of patients achieved a
CR, and 53% of patients achieved a partial response
(PR) with a median duration of 8 months and an over-
all survival of 13.5 months. Grade 3 or 4 hematologic
toxicity occurred in eight patients (61%). 

Among single-agent chemotherapies, liposomal
doxorubicin, pentostatin, and gemcitabine have been
effective. An investigational trial with a limited num-
ber of patients demonstrated efficacy of pegylated
liposomal doxorubicin monotherapy, with an overall
response rate of 80% and a CR in 6 of 10 patients
(60%).41 Recent published multicenter data of pegy-
lated doxorubicin in 34 patients with recurrent or
recalcitrant CTCL revealed a response rate of 88.2%.42

Twenty-seven patients (79.4%) achieved a CR with a

median duration of 12 months, ranging from 9.5 to 44
months. Adverse effects were seen in 14 patients and
were generally mild compared with other chemother-
apy regimen. Only six patients experienced grade 3 or
4 toxicity. 

Studies of purine analogs, such as pentostatin 
(2-deoxycoformycin), fludarabine, and 2-chloro-
deoxyadenosine (2-CdA), have demonstrated signifi-
cant initial response rates of up to 100%. However,
most responses were short lived and were accompa-
nied by harmful side effects related to prolonged
immunosuppression.43–45 Pentostatin has been evalu-
ated in 28 heavily pretreated patients with MF/SS who
were treated on a dose-escalating phase II trial, with
doses ranging from 3.75 to 5.0 mg/m2; a CR was
achieved in 25% of patients.46 Most patients devel-
oped granulocytopenia with significant lowering of
CD4 counts, nausea, and neutropenic fever. Kuzel 
et al. investigated 2-CdA in 21 patients with relapsed/
refractory MF/SS.47 Three patients (14%) attained a CR,
with a median duration of 4.5 months and a range of
2.5–16 months. Gemcitabine, a novel pyrimidine
antimetabolite, was investigated at two centers in a
phase II trial at a dosage of 1.2 g/m2 in 44 patients with
clinical stage IIB–IV MF/SS.48 Twelve percent of
patients achieved a CR, and 26% of patients achieved
a PR, with a median duration of 15 months and 10
months, respectively.

Temozolomide, a new oral alkylating agent, is being
evaluated in a phase II trial of patients with relapsed
MF and SS. Patients with MF/SS have been shown to
have low levels of DNA repair enzyme O6 alkylguanine
DNA alkyltransferase (AGT) and may be particularly
sensitive to this alkylator.49 Preliminary data have
been reported with a more than 50% decrease in
tumor burden in 5 of 22 patients with MS/SS (26%),
lasting for a median duration of 4 months.50 Twelve of
16 patients tested did not express AGT. Patients with
AGT expression did not respond to treatment. 

BIOLOGIC RESPONSE MODIFIERS
The ratio of T-helper cell type 1 (Th1) and type 2 (Th2)
has been hypothesized to be critical for disease pro-
gression. In advanced stages there is a dominant Th2
cytokine profile leading to an impaired host antitumor
response.51 Treatments such as biologic response mod-
ifiers target the reconstitution of immune function for
disease control. Currently, immune-modifying treat-
ment options such as bexarotene, immunomodulatory
cytokines such as interferon-alpha (INF-�), and inter-
leukin 2 and 12 (IL-2, IL-12), and extracorporeal pho-
topheresis (ECP) are used to treat MF/SS. 

INTERFERON-ALPHA
INF-� was first reported in 1984 by Bunn et al. for the
treatment of advanced and heavily pretreated MF/SS,
with an overall response rate of 45%.52 Papa et al.
showed response rates between 70% for advanced
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stage III–IV and 80% for early stage patch/plaque dis-
ease.53 Olsen et al. showed, in an investigational trial
of 3 versus 36 MU daily of INF �-2a in 22 patients with
clinical stage I–IV MF/SS, an overall response rate of
38% in low-dose-treated patients compared to 79% in
high-dose-treated patients.54 Side effects were dose
related and were most commonly flu-like symptoms.
The development of neutralizing antibodies has been
associated with INF-� therapy, with variable impact on
response rates.55 They appear to be higher in patients
treated with INF �-2a compared to INF �-2b. The com-
bination therapy IFN-� and PUVA resulted in high
response rates in more than 90% of patients and
showed superiority to other combinations.56,57

RETINOIDS
The therapeutic efficacy of some retinoids, such as
isotretinoin, etretinate, and acitretin in CTCL, has
been confirmed in several small, monotherapy stud-
ies.58–61 Response rates range from 44 to 67%, with CR
rates from 21 to 35%. They seem to be equally effec-
tive, with median response duration around 8 months.
Common effects consisted of skin and mucous mem-
brane dryness. Oral bexarotene is a USFDA approved
synthetic retinoid for refractory CTCL that selectively
binds to RXR. In two multicenter phase II–III clinical
trials it has been tested in early and advanced stages of
CTCL patients.62,63 Reported response rates in early
stages were between 45 and 54%. An overall response
rate was observed in 94 patients with advanced dis-
ease, with only 4% complete responders, and with a
median duration of 10 months. At the recommended
dose of 300 mg/m2 daily, it is associated with signifi-
cant side effects, such as hyperlipidemia, hypothy-
roidism, and cytopenias. Retrospective comparison
data suggest that there may be little difference in effi-
cacy between bexarotene (RXR-specific retinoid) and
agents such as all-trans retinoic acid (RAR-specific
retinoid), but clear differences in toxicity exist.64

EXTRACORPOREAL PHOTOCHEMOTHERAPY
ECP is a leukapheresis-based method in which 8-MOP
treated blood mononuclear cells are exposed to UVA
and returned to the patient. It is performed on two
consecutive days every month. Although the mecha-
nism of action is not completely understood, induc-
tion of apoptosis with subsequent release of tumor
antigens leading to a systemic antitumor response
against the malignant T-cell clone is suspected.65,66 In
1987 Edelson et al. published the first report on the
efficacy of ECP in a cohort of 41 refractory CTCL
patients. Thirty-seven patients (73%) achieved a
response, with a CR in 24% of patients.67 In the same
year the FDA approved ECP for advanced and refrac-
tory CTCL. There have been several confirmatory stud-
ies reported on ECP monotherapy, with overall
response rates between 50 and 73% for patients with
MF/SS.67–70 Ideal candidates for ECP are patients with

SS with a short duration of disease without previous
intense therapies, low tumor burden, modest numbers
of circulating atypical cells, near normal counts of cir-
culating CD8� T lymphocytes, and exaggerated CD4
to CD8 ratio.68–70 The results in patients with marked
immunosuppression or tumor lesions were disap-
pointing, but provided the rationale for combining
treatments. Synergistic effects have been reported
with INF-�, retinoids, and TSEB.70–73 A retrospective
study of 47 patients with advanced stage III–IV disease
treated with ECP or with ECP combination therapy
with INF-�, retinoids, or sargramostim reported an
overall response rate of 79%.71 The overall response
rate in patients who received combination therapy was
84%, with a CR in 26% of patients. The median sur-
vival for the patients undergoing combination therapy
was 74 months. The effect of ECP as adjuvant therapy
was evaluated in patients with advanced stage T3 and T4
disease who achieved a CR after TSEB treatment.
Significantly better overall survival at 3 years was
reported with adjuvant doxorubicin/cyclophosphamide
(75%) or with adjuvant ECP (100%) compared to those
with TSEB therapy (50%) alone.73

TARGETED MODALITIES
Denileukin diftitox (Ontak)
Denileukin diftitox (IL-2 receptor specific fusion protein
combined with diphtheria toxin) targets selectively the
IL-2 receptor on malignant and activated T cells. In
phase I/II and III trials it showed favorable 3074 to 37%75

response rates in CTCL patients. These trials were lim-
ited to patients with CD25 expression (alpha chain of
IL-2R) in more than 20% of malignant T cells. The qual-
ity of life in responding patients was significantly
improved.76 However, adverse effects including acute
transfusion-related events such as fever, rash, chills,
myalgias, and vascular leak syndrome (VLS) have been
reported. VLS occurred in 27% of the patients, which
may be diminished by premedication with steroids.77

Alemtuzumab (Campath-1H)
Alemtuzumab is a humanized monoclonal antibody
directed against the lymphocyte surface antigen CD52,
which is abundantly expressed on normal and most
malignant T lymphocytes.78 Alemtuzumab is currently
the focus of many clinical trials in hematologic malig-
nancies and has been used in the treatment of lym-
phomas and lymphoid leukemias. A published phase II
trial of alemtuzumab in 22 patients with advanced
MF/SS demonstrated a clinical response in 55% of the
cases, with 32% complete remissions, including some
SS patients clearing effectively circulating Sézary
cells.79 Median response duration was 12 months, and
ranged from 5 to 32 months. The compound is associ-
ated with significant hematologic toxicity and infec-
tious complications consisting of reactivation of
cytomegalovirus, herpes zoster, miliary tuberculosis,
and pulmonary aspergillosis. 
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PERIPHERAL STEM CELL TRANSPLANT
Autologous and allogeneic stem cell transplantation
(SCT) is a well-established treatment option for various
hematologic diseases, though there is limited experi-
ence in CTCL. A few retrospective studies have reported
on autologous SCT leading to complete remissions in
the majority of patients treated; however, most
patients relapse rapidly.80,81 The duration of remission
does not seem to be related to stage of the disease or
absence of a detectable T-cell clone in the harvest.82

However, it is now suggested that a greater T-cell deple-
tion of the harvest may be associated with a greater
risk of rapid relapse, perhaps by compromising the
immune antitumor response.82,83

Allogeneic transplants are known to achieve more
durable complete remissions, most likely due to an
immunologic graft-versus-lymphoma effect. Response
durations as long as 6 years posttransplant have been
reported, suggesting that it may be a curative option.84

It does, however, carry a higher risk of treatment-
related mortality, including life-threatening infections
and graft-versus-host disease (GVHD). Molina et al.
followed six patients with advanced and refractory
MF/SS who received donor-related allogeneic SCT
(four patients) and donor-unrelated SCT (two
patients).85 All patients achieved a CR, with mild
GVHD. Five patients remained disease free from 3 to
65 months posttransplant, and one patient died of
GVHD 16 months posttransplant. Guitart et al.
reported on allogeneic SCT therapy in patients with
advanced stages of MF/SS who had not responded to
standard treatment options.86 A sustained CR was
achieved in two patients with disease-free duration
time of 15 months and 41⁄2 years, respectively, post-
transplant. There was no evidence of GVHD. One
patient with advanced and refractory stage IVA and
large cell transformation on histology relapsed after 9
months with limited cutaneous recurrence and
remained alive more than 6 years posttransplant.

TREATMENT OF CD30� LYMPHOPROLIFERATIVE
DISORDERS
CD30� cutaneous lymphoproliferative disorders
include LyP presenting with chronic, recurrent, and
self-healing skin eruptions and CD30+ LTCL.87 Their
common phenotypic hallmark is the CD30� T lym-
phocyte that morphologically resembles Reed–
Sternberg cells. Reported treatment modalities are
doxycycline, PUVA, NB-UVB, methotrexate, INF-�,
topical steroid and bexarotene formulations, and
radiation.88–91 However, none of these treatments
alter the natural course of disease; therefore, the
short-term benefits should be weighed against the
potential harmful side effects. Observation in
patients with few lesions is recommended, whereas in
patients with more disseminated disease low-dose
methotrexate or UV light treatment might be effec-
tive in clearing disease.92

Primary cutaneous CD30� LTCL presenting with
solitary or localized cutaneous nodules appear to have
a favorable prognosis, as confirmed in several studies.93

Spot radiation for solitary or localized lesions is the pre-
ferred treatment, with systemic chemotherapy reserved
for cases with large tumor burden and/or extracuta-
neous involvement.94,95 Therapy regimens include dox-
orubicin-based (doxorubicin with CHOP or CHOP-like)
chemotherapy, INF-�, or oral bexarotene. 

TREATMENT OF SMALL- AND MEDIUM-SIZED
PLEOMORPHIC T-CELL LYMPHOMA AND 
CD30� LARGE T-CELL LYMPHOMA
Patients with CD30� LTCL or small/medium-sized
PTCL usually present with solitary, localized, or gener-
alized plaques, nodules, or tumors without sponta-
neous regression.96 Both entities do not express CD30
with absence of a Th2 cytokine profile in CD30�

LTCL.97 In CD30� LTCL, large cells comprise over 30%
of the dermal infiltrate and might resemble classical
MF undergoing large cell transformation. Multiagent
systemic chemotherapy is recommended in most
cases, with radiotherapy limited to localized disease,
although abbreviated responses are often seen with a
high relapse rate. This was supported by Bekkenk et al.,
who reported on 82 patients with CD30� peripheral T-
cell lymphoma.96 Forty-six patients were diagnosed
with a primary cutaneous CD30� LTCL. Most patients
with solitary or localized skin lesions were treated with
radiation, whereas patients presenting with multifocal
skin lesions or with extracutaneous involvement were
treated with doxorubicin-based chemotherapy. A com-
plete remission was achieved in 12 (63%) of 19
patients treated with radiotherapy and in 5 (27%) of
18 patients treated with doxorubicin-based chemother-
apy. Complete remissions were generally short lived,
with a median duration of 6 months for radiotherapy-
treated patients and 10 months for patients treated
with doxorubicin-based chemotherapy. Twelve of 19
patients (63%) with small/medium-sized PTCL
reached a complete remission, including 10 (83%) of
12 treated with radiotherapy and 2 (40%) of 5 patients
treated with doxorubicin-based chemotherapy. The
median response duration for the complete responders
was 58 months. Patients with small- or medium-sized
PTCL had a significantly better prognosis, with a 5-
year overall survival rate of 45% compared to 12% in
patients with primary cutaneous CD30� LTCL. 

CONCLUSION

Primary cutaneous lymphomas encompass a spectrum
of clinical and histologic variants, characterized by
skin-homing lymphocytes. Awareness of their unique
clinical behavior provides a stage-dependent treat-
ment approach and minimizes unnecessary interven-
tions. Systemic progression in CBCL is uncommon
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and 5-year survival rates are excellent, although
relapses occur frequently. Treatment considerations for
CBCL mostly rely on retrospective studies and are
based on clinical presentation and morphologic evalu-
ation. Histologic characterization of B-cell lymphomas
in extranodular locations, such as the skin, can be
problematic (i.e., small vs large cleaved cells), and does
not appear to have the same predictive power com-
pared to their nodal counterparts. Current clinical tri-
als focus mainly on patients with MF/SS, as these
patients represent the majority of cutaneous lym-
phomas. Skin-directed therapies are reserved for early
stages.98 Immune-modifying therapies have emerged
for the treatment of advanced and/or refractory stages.
They have the potential to reconstitute immune func-
tion while augmenting host antitumor response.

Combined immunomodulatory regimens may result
in sustained remission of disease. Our gold standard
for advanced stages is the combined use of PUVA and
INF-� at a dose of up to 9 MU thrice weekly or as toler-
ated. Systemic single-agent or multiagent chemothera-
pies should be reserved for more advanced and refrac-
tory disease. Clinical trials are ongoing to refine
protocols for combination therapy to improve efficacy
and minimize toxicity. Advances in molecular biology
technology may allow selective targeting of both B-
and T-cell-mediated effects. Investigational agents,
such as histone-deacetylase inhibitors, and the novel
T-cell costimulatory agents, such as deoxynucleotide
CpG7909 (cytosine-phosphorothiolated guanine-con-
taining oligonucleotides) and lenalidomide, are  being
evaluated in phase I/II trials.
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60Chapter 60
MATURE T-CELL NON-HODGKIN’S
LYMPHOMA: DIAGNOSIS 
AND THERAPY
Nam H. Dang and Fredrick Hagemeister

T-cell lymphoid malignancies are a heterogeneous
group of relatively rare diseases that are defined as dis-
tinct entities by a constellation of laboratory and clin-
ical characteristics, including morphologic features,
immunophenotypes, genetic abnormalities, clinical
manifestations, and responses to treatment. The mature
T- and natural killer (NK)-neoplasms as defined by the
World Health Association (WHO) classification account
for approximately 10% of all lymphoid malignancies.1

However, the incidences of certain subtypes vary con-
siderably by race and geography, with non-AIDS-related
T-cell malignancies occurring much more frequently
in the Far East than in North America. For example, in
the Non-Hodgkin’s Lymphoma Classification Project,2

9.4% of all cases of non-Hodgkin’s lymphoma (NHL)
(129 of 1378) were classified as peripheral T-cell lym-
phomas (PTCL), 33 (2.4%) of which were anaplastic
large-cell lymphomas (ALCL). The frequencies of the
remaining subtypes of PTCL (96 of 1378, 7%) ranged
from 1.5% (Vancouver) to 18.3% (Hong Kong).
Although the reason for this observed difference in fre-
quencies is not clear for most subtypes, such variabil-
ity is related in some situations to an association
between a specific virus and the T-cell malignancy,
such as the linkage between Epstein–Barr virus (EBV)
and with NK/T-cell lymphoma and human T-cell lym-
photropic virus 1 (HTLV-1) with adult T-cell leukemia/
lymphoma (ATLL). 

CLASSIFICATION AND
CLINICOPATHOLOCIAL FEATURES

In the past, classification of T-cell lymphoid malignan-
cies has been controversial, with no internationally
accepted schema. The previously accepted morphology-
based Working Formulation relied on morphology
alone, and did not consider T-cell malignancies as sepa-
rate and distinct entities. Rather, T-cell lymphomas that

occurred infrequently and generally had a poor progno-
sis were included in different pathologic subtypes (dif-
fuse-mixed, large cell, and lymphoblastic) and were
treated like their B-cell counterparts.3 Subsequently, the
Revised European–American classification of lymphoid
neoplasms (REAL)4 has subdivided all lymphomas into
B-cell and T-cell lymphomas to avoid the confusion cre-
ated by the Working Formulation. The REAL classifica-
tion further subdivides T-cell lymphoid malignancies
into two major groups based on the T-cell maturation
stage: precursor T-cell neoplasms and peripheral T-cell
neoplasms. Furthermore, the peripheral T- and NK-cell
neoplasms are subdivided into additional categories,
with some provisional subtypes. Thus, the REAL classifi-
cation was a major advance in the characterization of
lymphoid malignancies, because it recognized that the
site of disease presentation is a significant aspect of dis-
ease biology, with extranodal T-cell lymphomas being
inherently different from nodal subtypes. Following the
publication of the REAL classification in 1994, new find-
ings regarding some categories of lymphoma clarified
the status of entities that were listed as provisional in
the REAL classification, particularly among the T-cell
lymphomas. The currently used WHO classification is
based on the principles established by the REAL classifi-
cation and incorporates minor additional modifica-
tions.1,5 Besides the precursor T-cell neoplasms, this
classification includes 14 subgroups among the mature
T- and NK-cell malignancies. Since the site of disease
presentation represents a key aspect of disease biology
and clinical course, an attempt is made to give it a more
prominent role in subgroup characterization, leading to
the classification of disease subtypes as being primarily
leukemic, nodal, extranodal, or cutaneous (Table 60.1).

PREDOMINANTLY LEUKEMIC GROUP
There are four subtypes in the predominantly
leukemic group. Comprising up to 20% of all prolym-
phocytic leukemia and 1% of chronic lymphocytic
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leukemia (CLL) cases, T-cell prolymphocytic leukemia
(T-PLL) and CLL present clinically as overt leukemia
but are often associated with involvement of lymph
nodes, liver, spleen, bone marrow, skin, and mucosal
surfaces. It is an aggressive disease with the median
survival of patients being less than 1 year, and is rarely
curable with available therapy. Cytologically, the
leukemic cells are small-to-medium sized with irregu-
lar nuclei, prominent nucleoli, and abundant, non-
granular cytoplasm. Immunophenotypic analysis
reveals that most tumor cells express CD4, along with
CD2, CD3, CD5, CD7, and the alpha/beta T-cell recep-
tor (TCR). Molecular studies have demonstrated
rearrangement of the TCR� and TCR� genes, with the
TCR� gene usually deleted and the Ig heavy- and light-
chain genes usually in the germline configuration. A
characteristic chromosomal abnormality occurring in
approximately two-thirds of T-PLL/CLL patients is inv
14 (q11;q32), with trisomy 8 also having been
reported.4,6–10

Large granular lymphocytic leukemia (LGLL) is
divided into two subtypes, T- and NK-cell leukemias.
Patients with LGLL tend to be older than 50 years of
age and often have multiple episodes of recurrent
infections occurring over years, as well as fatigue or
bleeding. Furthermore, autoimmune diseases such as
rheumatoid arthritis are often associated with LGLL,
particularly T-LGLL. Physical examination may reveal
mild hepatosplenomegaly and lymphadenopathy,
while laboratory studies often show lymphocytosis,
neutropenia, anemia, and/or thrombocytopenia. The
T-cell subtype usually has more adverse features, such
as anemia and splenomegaly. While the clinical course

is usually indolent, some cases are quite aggressive. In
particular, cases associated with EBV infection may
exhibit an aggressive behavior. The circulating lymphoid
cells are small with cytoplasmic granules, and may
resemble B-CLL. The malignant cells of T-LGLL are often
CD2�, CD3�, alpha/beta TCR�, CD8�, CD16�, CD25�,
CD56�, and CD57�. However, the NK-cell tumors are
CD2�, CD3�, alpha/beta TCR�, CD8�, CD16�, CD25-,
CD56�, and CD57�. T-LGLL cells have rearrangements
of the TCR�, TCR�, and TCR� genes, while NK-cell
tumors do not have TCR gene rearrangements. In both
types, the Ig genes are often in the germline configura-
tion.4,11–14 Recently, expression of the ectopeptidase
CD26/dipeptidyl peptidase IV has been associated with
an aggressive clinical behavior in T-LGLL.15

Sezary syndrome (SS) is the leukemic variant of
mycosis fungoides (MF), although it can occasionally
arise de novo. Patients usually present with multiple
cutaneous plaques or nodules, generalized erythro-
derma, lymphadenopathy, and circulating tumor cells
(Sezary cells) in the peripheral blood. SS has an aggres-
sive clinical course, with an expected survival being
typically less than 2 years, particularly in the presence
of extracutaneous disease. The malignancy is com-
posed of small cells with cerebriform nuclei, and they
usually express CD2, CD3, alpha/beta TCR, CD4, and
CD5, with variable expression of CD25 and with one-
third of cases being CD7�.4,16 Furthermore, CD26 is
typically absent on the tumor cell surface, a fact that
can be utilized to detect presence of tumor cells in the
peripheral blood.17

PREDOMINANTLY NODAL GROUP 
Peripheral T-cell lymphoma, unspecified (PTCL), is the
most common of all the T-cell neoplasms. However,
this subtype is less well defined than the other T-cell
malignancies and has protean manifestations. While
comprising less than 15% of all lymphomas in most
European and US studies, it is more common in Japan
and other Asian countries. Most patients with PTCL are
adults who have generalized lymphadenopathy and
involvement of other extranodal sites, including bone
marrow, skin, liver, spleen, lung, and Waldeyer’s ring,
with accompanying pruritis, eosinophilia, and hemo-
phagocytic syndrome. PTCLs are generally aggressive
neoplasms and require combination chemotherapy,
although current treatments usually result in relatively
short duration of response and poor overall survival.
The neoplastic lymphoid cells vary in size, ranging
from atypical small cells to medium-sized or large
tumor cells with irregular nuclei and abundant clear
cytoplasm. These tumor cells display a mature T-cell
phenotype, expressing such pan-T-cell antigens as
CD2, CD3, CD5, CD7, CD4 or CD8, and alpha/beta
TCR, while B-cell surface antigens are generally lacking.
Molecular studies show rearrangements of the TCR�

and TCR� genes in most instances, while the Ig genes
are usually in germline configuration.4,18–27
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Table 60.1 Mature T- and NK-cell neoplasms in the 
proposed WHO classification system

Predominantly leukemic malignant neoplasms
T-cell prolymphocytic leukemia
T-cell large granular lymphocytic leukemia
NK-cell leukemia
Sézary syndrome

Predominantly nodal malignant neoplasms
Peripheral T-cell lymphoma, unspecified
Angioimmunoblastic T-cell lymphoma
Adult T-cell leukemia/lymphoma
Anaplastic large-cell lymphoma

Predominantly extranodal malignant neoplasms
Nasal NK/T-cell lymphoma
Enteropathy-type intestinal T-cell lymphoma
Subcutaneous panniculitislike T-cell lymphoma
Hepatosplenic gamma/delta T-cell lymphoma

Predominantly cutaneous malignant neoplasms
Mycosis fungoides
CD30� lymphoproliferative disease (primary cutaneous 
anaplastic large-cell lymphoma)

NK, natural killer; WHO, World Health Organization. 
Adapted from Jaffe et al.5



Angioimmunoblastic T-cell lymphoma is a rela-
tively rare disorder with distinctive clinical behavior
and generally poor outcome. This entity is part of a
spectrum of clinical conditions ranging from angioim-
munoblastic lymphadenopathy with dysproteineimia
(AILD) to malignant lymphoma. Patients with AILD
are at risk of developing malignant lymphomas that
may be of either T-cell or B-cell lineage, while clonal
populations of T cells may also be seen in AILD cases
without overt histologic evidence of malignant lym-
phoma. Furthermore, investigators have reported cases
of de novo lymphomas that have histologic features
similar to those of lymphomas arising from an AILD
background. Patients with angioimmunoblastic T-cell
lymphoma often exhibit systemic disease with general-
ized lymphadenopathy, fever, weight loss, malaise, and
skin rash. They tend to be older males with nodal
and extranodal disease and numerous adverse risk
factors. Laboratory studies reveal anemia (often posi-
tive for direct Coombs’ test), eosinophilia, and poly-
clonal hypergammaglobulinemia. Although occasional
remissions or protracted remissions have been reported
(usually in the setting of AILD and not angioim-
munoblastic T-cell lymphoma), the disease is consid-
ered aggressive, with infectious complications and pro-
gression to high-grade lymphomas. Morphologically,
this disease is characterized by the presence of a mix-
ture of small lymphocytes and large, atypical lym-
phoid cells with abundant and clear cytoplasm. Other
characteristics include obliteration of the lymph node
architecture, burned out germinal centers, and arboriz-
ing proliferation of small blood vessels. Tumor cells
tend to be mature CD4� T cells expressing T-cell-asso-
ciated antigens, with TCR gene rearrangement seen in
most cases of angioimmunoblastic T-cell lymphoma.
Nonrandom and clonal chromosomal abnormalities,
particularly those involving chromosomes 3 or 5, have
been detected, and EBV infection is often associated
with the disease.2,4,28–38

ATLL is a clinicopathological entity closely associ-
ated with infection by the human T-cell leukemia/lym-
phoma retrovirus HTLV-1, which is transmitted either
by infected cells via semen, blood products, needles,
breast milk, or by transplacental migration, with an
incubation period ranging from 20 to 30 years. HTLV-
1 is endemic in the Caribbean basin, southeastern
United States, and southwestern Japan. HTLV-1 infec-
tion is demonstrated by the presence of serum anti-
bodies or by molecular detection of the virus through
the polymerase chain reaction (PCR) technique or
Southern blot hybridization. Occurring mainly in
adults, ATLL presents with one of four clinical sub-
types. Acute ATLL represents the most common sub-
type: patients generally have widespread adenopathy,
hepatosplenomegaly, skin lesions, peripheral blood
and cerebrospinal fluid involvement, lytic bone
lesions, and hypercalcemia that may develop in the
absence of bone lesions. Patients with this disorder

have a median survival duration of less than 1 year.
Lymphomatous ATLL is the second most common dis-
ease subtype, with a slightly better prognosis than that
reported for the acute form. Patients usually present
with lymphadenopathy and involvement of visceral
organs without hepatosplenomegaly or hypercal-
cemia. Chronic ATLL is associated with an absolute
lymphocytosis and cytologically abnormal circulating
cells, skin lesions, visceral involvement, and lym-
phadenopathy, with survival rates of more than 2
years. Finally, patients with smoldering ATLL have
chronic disease for years with skin lesions, and mini-
mal disease involvement in the peripheral blood and
visceral organs. Morphologically, the circulating cells
are of medium size, with basophilic cytoplasm and
irregular, multilobulated nuclei. ATLL cells have a
mature T-cell phenotype, expressing alpha/beta TCR,
CD4, and other pan-T-cell antigens. Of note is that the
tumor cells usually express high levels of CD25 on the
cell surface, which may be a target for therapeutic
interventions. Molecular studies show TCR gene
rearrangements, and the Ig genes are often in germline
configuration.4,39–42

Primary nodal anaplastic large T/null-cell lym-
phoma (ALCL) presents as a systemic disease affecting
children and adults involving lymph nodes and extra-
nodal sites, including the skin. Considered aggressive
lymphomas, these tumors require treatment with
combination chemotherapy, with response and sur-
vival rates that are similar to those for diffuse aggres-
sive large B-cell lymphomas. Although patients with
these lymphomas are potentially curable, late relapses
have been observed. The neoplastic cells are large blas-
tic cells with pleomorphic nuclei, prominent nucleoli,
and abundant cytoplasm. The malignant cells are
often cohesive and are preferentially found within
lymph node sinuses. Tumor cells classically express the
activation antigen CD30, while many cases also express
such activation markers as CD25, CD26, CD38, as well
as the proliferation antigens CD71 and Ki-67. The sys-
temic form of ALCL also expresses epithelial membrane
antigen. The T-cell variant expresses pan-T-cell antigens
such as CD2, CD3, CD5, CD7, and CD4, and lacks B-
cell antigens. On the other hand, null-cell ALCL lacks
immunophenotypic and molecular evidence of B- or
T-cell lineage. While T-cell ALCL usually exhibits TCR
gene rearrangement, there is a high rate of lineage
promiscuity, since immunoglobulin genes are also
found to be rearranged in T-cell ALCL, while B-cell
tumors often have TCR gene arrangement. A key fea-
ture on a subset of systemic ALCL is the occurrence
of chromosomal translocations involving chromo-
some 5q35, usually as t(2;5)(p23;q35). This chromoso-
mal translocation juxtaposes the anaplastic lym-
phoma kinase (ALK) gene on chromosome 2p23 with
the nucleophosmin (NPM) nucleolar phosphoprotein
gene on 5q35, and is often found with the systemic
form of T-cell ALCL, although it is not limited to this
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subset. Besides the classic t(2;5), other translocations
may also activate the ALK gene and participate in the
pathogenesis of ALCL.4,43–57

PREDOMINANTLY EXTRANODAL GROUP 
Extranodal NK/T-cell lymphoma or angiocentric lym-
phoma is a unique clinicopathological entity associ-
ated with EBV infection that usually presents with
destructive nasal or midline facial tumor. Affecting
both children and adults, it is a rare disease in the
United States and Europe, and is more common in
Asia. Other organ involvement is common; sites
include the nasal cavity, upper respiratory tract, lung,
skin, kidney, and central nervous system, with lymph
node involvement being relatively rare. The clinical
course may be indolent or aggressive, and is at least
partly dependent on the number of large lymphoid
cells present. It is also commonly associated with a
hemophagocytic syndrome thought to be induced by
cytokine production by tumor cells leading to activa-
tion of benign histiocytes, resulting in fever,
hepatosplenomegaly, pancytopenia, and hemolysis.
Although the disease is often localized at presentation,
chemotherapy is generally administered in conjunc-
tion with radiotherapy. However, the relapse rate is
high, and overall prognosis is generally poor. In one
report, although patients with angiocentric lym-
phoma tended to be younger than patients with other
T-cell lymphomas and had favorable prognostic fea-
tures, they failed to go into remission with anthracy-
cline-based combination chemotherapy.23 Others have
reported that angiocentric nasal lymphoma typically
occurs in young females (median age 49 years) at
extranodal sites, but with few adverse risk factors and
with limited-stage disease.2 The disease is characterized
morphologically by an angiocentric and angioinvasive
infiltrate composing of a mixture of atypical lymphoid
cells admixed with normal lymphocytes, plasma cells,
and histiocytes. These tumors tend to accumulate
greater numbers of large atypical lymphoid cells, and
with fewer inflammatory cells over time, potentially
indicating an increasingly worse clinical behavior.
There is a propensity for invasion and destruction of
blood vessels with prominent ischemic necrosis of
tumor and normal tissues. Immunophenotypically, the
tumors cells express pan-T-cell antigens CD2 and CD7,
while C3 is often absent. While they may be CD4� or
CD8�, angiocentric lymphoma cells often express the
NK-cell-associated antigen CD56. Immunoglobulins
and B-cell antigens are negative. Molecular studies
show that TCR and Ig genes are usually germ line, while
EBV genomes are usually detected by Southern blot,
PCR, and in situ hybridization techniques.4,58–66

A subset (10–25%) of primary intestinal lymphomas
has a T-cell phenotype, also known as enteropathy-type
intestinal T-cell lymphoma. This disease tends to occur
in adults with a history of gluten-sensitive enteropathy
or celiac disease, although it can occasionally be found

in patients without a history of enteropathy. Patients
usually present with weight loss, abdominal pain, and
jejunal involvement, and are typically diagnosed at
the time of emergency surgery for small bowel perfora-
tion. The clinical course is often aggressive with asso-
ciated poor survival rates, and death usually occurs
from intestinal perforation due to chemotherapy-
refractory malignant ulcers. Postmortem examination
often reveals multiple jejunal ulcers that are associated
with perforation, and a distinct mass may be absent.
Histologic studies show that the uninvolved intestine
may have blunting of villi, as is commonly seen in
celiac disease. Tumors are found diffusely and contain
a mixture of small, medium, and large lymphoid cells.
Immunophenotypically, tumor cells are CD3�,
CD4�/CD8- or CD4�/CD8�, CD7�, CD30�, CD103�,
and are negative for B-cell antigens. Molecular studies
show TCR gene rearrangement, with Ig genes being
germline.4,67–70

Subcutaneous panniculitislike T-cell lymphoma usu-
ally presents with single or multiple subcutaneous
nodules, affecting most often the extremities and trunk.
The clinical course may be indolent with spontaneously
waxing and waning skin lesions or may be very aggres-
sive. Most patients are adults and usually exhibit fever,
pancytopenia, and hepatosplenomegaly at diagnosis.
A significant number of patients present initially
with a hemophagocytic syndrome causing systemic
symptoms, while others may develop a hemophago-
cytic syndrome during the course of their illness, with
usually a fatal outcome. Bone marrow studies may be
instrumental in establishing the diagnosis of disease-
associated hemophagocytic syndrome. Histologically,
the tumors involve the subcutaneous tissue, with infil-
tration of the neoplastic cells in the adipose tissue
leading to coagulative necrosis. Tumor cells consist of
a mixture of small and large cells, and accrual of large
cells can occur over time. Immunophenotypically, the
tumor cells have a mature T-cell immunophenotype,
expressing CD8 and other pan-T-cell antigens. TCR
genes are rearranged, while Ig genes are the germline
configuration.4,71,72

Hepatosplenic gamma/delta T-cell lymphoma is a
rare disease found in young adults, often males, who
present with marked hepatosplenomegaly and bone
marrow involvement, with no or minimal lym-
phadenopathy, and infrequently, skin lesions. The dis-
ease is usually refractory to current treatment, with its
clinical course being quite aggressive and with a high
rate of disease relapse and death. These tumors are
composed of medium-size lymphoid cells with irregu-
lar nuclear contours, condensed chromatin, and small
nucleoli. There is sinusoidal infiltration in the liver,
while the red pulp of the spleen is involved, and the
white pulp is spared. The tumor cells usually express
CD2, CD3, CD7, and the TCR gamma/delta chains,
while CD5 is absent. TCR genes are also typically
rearranged.4,73,74
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PROGNOSTIC FACTORS

INTERNATIONAL PROGNOSTIC INDEX
Several investigators have described the clinical aggres-
siveness of various subgroups of T-cell lymphomas and
have correlated disease behavior with various factors at
presentation. In the Non-Hodgkin’s Lymphoma
Classification Project analysis, there was a wide spec-
trum of clinical behavior for different T-cell lymphoma
subsets (Table 60.2). Patients with anaplastic large T-
cell lymphomas have the best 5-year survival rate
(77%), while those with other T-cell subsets such as
PTCL have much worse outcomes (25% 5-year sur-
vival).75 In a recent analysis of the 96 non-ALCL PTCL
cases diagnosed within the Non Hodgkin’s Lymphoma
Classification Project, the frequency of PTCL varied
from 1.5 to 18.3% according to country of origin.
Seventy percent of the patients in this study had
received combination chemotherapy which contained
doxorubicin, resulting in 5-year failure-free and overall
survival rates of 20 and 26%, respectively. Performance
status and International Prognostic Index (IPI) scores
at presentation strongly correlated with 5-year overall
and failure-free survival results. However, other com-
ponents of the IPI, such as age, clinical stage, serum
lactate dehydrogenase (LDH), and the presence of
extranodal involvement, were not statistically corre-
lated with disease outcome. There were no statistically
significant differences for the overall and failure-free
survival rates among various major T-cell subtypes. Of
note is the fact that within the PTCL, “not-otherwise-

specified” category (PTCL, NOS), the number of trans-
formed blast counts per 10 high-power fields was sta-
tistically significant for both overall and failure-free
survival.2 Although the IPI project did not allow analy-
sis of the influence of immunophenotype on overall
survival results, investigators have used the IPI to pre-
dict outcome for T-cell lymphomas. For example,
Rüdiger et al.2 demonstrated that IPI scores (0–2 fea-
tures vs 3–5 features) separated T-cell lymphomas into
groups with significantly different overall survival and
failure-free survival rates. Gisselbrecht et al.22 reported
that 45% of patients with T-cell lymphomas had three
or more adverse prognostic factors when stratified by
their IPI score compared with only 37% of those with
B-cell lymphomas. Furthermore, these investigators
could still separate patients with T-cell lymphomas
into groups with significantly different survival rates,
using the IPI system. Results for each IPI group were
also significantly worse for those with T-cell tumors
compared to those for patients with B-cell lymphomas
who had the same IPI scores, respectively, particularly
for those with IPI scores of 2 or more. Melnyk et al.23

found that response and survival rates for patients
with T-cell lymphomas were better for those with low
rather than high IPI scores. In addition, Lopez-
Guillermo et al.76 reported that patients with PTCL
and low plus low/intermediate IPI scores had signifi-
cantly better survival rates than those with high plus
intermediate/high-risk scores. In the study of Ansell et
al.,77 the IPI strongly predicted survival results when
all patients were included in the analysis, and when
patients were separated into cohorts of 60 years and
younger and older than 60 years, the age-adjusted IPI
also significantly predicted outcome. While hepatic
and bone marrow involvement were also significant
prognostic factors by univariate analysis, only the IPI
remained significant by multivariate analysis. IPI
scores also predicted overall survival rates for patients
with T-cell lymphomas in the study reported by Reiser
et al.,78 as did elevated LDH, B-symptoms, and extran-
odal involvement; however, the presence of bulky dis-
ease (�7.5 cm), advanced-stage III/IV disease and bone
marrow involvement did not. Armitage and
Weisenburger79 separated patients with PTCL into
groups according to IPI, and found differences in sur-
vival rates for those with IPI scores of 0 and 1 as com-
pared to those with IPI scores of 2 or greater, although
these differences were not statistically significant. IPI
scores also did not predict outcomes for patients with
anaplastic large T-cell lymphomas.79

T-CELL PHENOTYPE
The T-cell phenotype is an important adverse prognos-
tic factor all by itself. Except for CD30� anaplastic
large T-cell lymphomas, patients with T-cell lym-
phomas have significantly lower response rates and
shorter disease-free and overall survival results than do
those with B-cell lymphomas.22,23,80 Gisselbrecht et al.22

Table 60.2 REAL classification of lymphoma entities
according to clinical aggressiveness

Anaplastic large T/null cell 77

Marginal zone, MALT 74

Follicular 72

Lymphoplasmacytic 59

Marginal zone, nodal 57

Small lymphocytic 51

Primary mediastinal large B cell 50

Burkitt-like 47

Diffuse large B cell 46

Burkitt’s 44

Mantle cell 27

Lymphoblastic, T cell 26

Peripheral T cell 25

MALT, mucosa-associated lymphoid tissue; REAL, Revised
European–American Classification of Lymphoid Neoplasms.
Adapted from The Non-Hodgkin’s Lymphoma Classification Project.75

5-Year overall survival rate 
Subgroup (%)



showed that patients with non-ALCL T-cell tumors
have more disseminated disease, B symptoms, bone
marrow involvement, hepatosplenomegaly, and skin
involvement than do those with B-cell lymphomas
with comparable histologic grades. Furthermore,
patients with T-cell lymphomas are more likely to be
anemic, and have hypereosinophilia, hypergamma-
globulinemia, and increased �2-microglobulin levels.
On the other hand, T-ALCL patients are more likely to
have localized disease with more favorable IPI scores,
with better remission and overall survival rates, than
those with non-ALCL T-cell or B-cell lymphomas.
Complete remission (CR) rates were 63% for B-NHL,
54% for T-NHL (72% for ALCL and 49% for non-ALCL
T-NHL). Five-year survival rates were 52% for B-NHL,
and 41% for T-NHL (64% for ALCL and 35% for non-
ALCL T-NHL). Five-year event-free survival rates were
42% for B-NHL and 33% for T-NHL. Five adverse fac-
tors significantly influenced survival outcome by mul-
tivariate analysis: age greater than 60 years, dissemi-
nated stage, elevated LDH, performance status, and
non-ALCL T-cell lymphoma histology. Coiffier et al.80

compared patients with PTCL and B-cell diffuse large-
cell lymphoma, and found that PTCL patients were
more likely to have an aggressive presentation with
advanced-stage and B symptoms. While there was no
difference in response rates between the two groups,
patients with T-cell lymphomas had higher relapse
rates (43% vs 29%), shorter freedom-from-relapse
results (median: 34 months vs outcome not reached),
and shorter overall survival rates (median: 42 months
vs 50 months). Multivariate analysis demonstrated
that the T-cell phenotype was an independent adverse
prognostic factor. Comparing patients with ALCL and
non-ALCL PTCL, Lopez-Guillermo et al.76 showed that
ALCL histology was an important variable predicting
favorable results, with CR rates of 69% for those with
ALCL and 45% for those with other PTCL; median sur-
vival results were 65 months for ALCL and 20 months
for other PTCL; and 4-year survival probabilities were
62% for ALCL and 32% for other PTCL. In another
series containing 560 cases of aggressive lymphomas
(68 patients with T-cell and 492 with B-cell lym-
phomas) at MD Anderson Cancer Center, the T-cell
phenotype was an independent adverse prognostic
factor, with T-cell tumors having worse outcomes than
B-cell lymphomas of comparable IPI or MD Anderson
Prognostic Tumor Score Index. Patients with T-cell
lymphomas were more likely to have advanced dis-
ease, B symptoms, and other poor prognostic features
compared to those with B-cell lymphomas, including
elevated LDH or �2-microglobulin levels. However, age
and extranodal disease distributions were not signifi-
cantly different between these two groups. Compared
to their B-cell counterparts, T-cell lymphomas had
lower CR rates (65% for T-cell and 76% for B-cell lym-
phomas), shorter 5-year failure-free survival (38% for
T-cell and 56% for B-cell lymphomas), and lower over-

all survival (38% for T-cell and 63% for B-cell lym-
phomas). Consistent with other studies, patients with
ALCL had higher response and survival rates. There was
a significantly greater number of deaths in patients
with non-ALCL tumors more than 3 years after treat-
ment, many of which were due to late relapses.23

TREATMENT MODALITIES

CONVENTIONAL CHEMOTHERAPY
Treatment of the non-ALCL T-cell lymphomas with
conventional chemotherapy designed for B-cell lym-
phomas has had only limited success. Common
anthracycline-containing regimens result in low
response rates and short durations of remission, and the
vast majority of patients develop resistant disease. For
example, Armitage et al. evaluated 134 cases of PTCL
diagnosed at three centers from 1973 to 1986: 80
patients had been treated with intensive regimens such
as CHOP [cyclophosphamide, hydroxydaunorubicin
(doxorubicin), Oncovin (vincristine), and prednisone]
with or without bleomycin, CAP-BOP (cyclophos-
phamide, doxorubicin, procarbazine, bleomycin, vin-
cristine, and prednisone), COMLA (cyclophosphamide,
vincristine, methotrexate, and cytosine arabinoside),
and MACOP-B (methotrexate, doxorubicin, cyclophos-
phamide, vincristine, prednisone, and bleomycin).21

While the median survival was 17 months and the 4-
year survival was 28% for all 134 patients, for the 80
patients who received intensive combination
chemotherapy, 50% achieved a CR, with the 4-year
durability of remission being 41% and the overall sur-
vival of this intensively treated group being 45%.
However, the 4-year disease-free survival for those with
stage IV disease, comprising 50% of the patients, was
only 10%. Ansell et al.77 evaluated 78 patients seen at
the Mayo Clinic with T-cell lymphomas from 1985 to
1995; most received doxorubicin-containing regimens,
including CHOP, ProMACE-CytaBOM (methotrexate,
prednisone, doxorubicin, cyclophosphamide, etopo-
side, cytarabine, bleomycin, and vincristine), and m-
BACOD (methotrexate, bleomycin, doxorubicin,
cyclophosphamide, vincristine, and dexamethasone).
The median overall survival duration for the 78 patients
on study was 22 months (range 1–105 � months). The
median survival for high-risk IPI patients was 6 months,
compared to 15 months for high-intermediate IPI
patients, and 24 months for low-intermediate IPI
patients, and the median survival for the low-risk
group was not reached; the differences in survival rates
were statistically significant. There were no significant
differences in response rates among the T-cell subtypes,
and univariate analysis showed no statistically signifi-
cant survival differences among various T-cell sub-
groups. Rüdiger et al. studied 96 cases of non-ALCL
PTCL evaluated in the Non-Hodgkin’s Lymphoma
Classification Project, 70% of whom had received

Part III ■ LYMPHOMA618



doxorubicin-containing regimens. The 5-year overall
survival was 26%, and the failure-free survival was 20%.2

Physicians from French and Belgian centers evaluated
288 PTCL patients (60 cases of T-ALCL and 228 cases of
non-ALCL PTCL) treated with anthracycline-contain-
ing regimens, including m-BACOD (methotrexate,
bleomycin, doxorubicin, cyclophosphamide, vin-
cristine, and dexamethasone), ACVB (doxorubicin,
cyclophosphamide, vindesine, bleomycin, and pred-
nisone), and NCVB (mitoxantrone, cyclophosphamide,
vindesine, bleomycin, and prednisone), followed by
consolidation and maintenance therapies or autolo-
gous transplantation in many cases. The CR rates were
54% for all patients, 72% for those with ALCL, and
49% for those with non-ALCL T-cell lymphomas, and
5-year survival rates were 41, 64, and 35%, respectively.
Five factors adversely and significantly influenced sur-
vival by multivariate analysis: age greater than 60 years,
advanced stage, elevated LDH, performance status, and
non-ALCL T-cell lymphoma.22 Lopez-Guillermo et al.76

evaluated 174 T-cell lymphomas from Spanish institu-
tions; 30 were ALCL and the rest consisted of PTCL
unspecified, angioimmunoblastic T-cell, angiocentric,
intestinal T-cell, and hepatosplenic gamma/delta T-cell
lymphomas. Most patients received CHOP-like therapy.
CR rates were 69% for ALCL cases and 45% for other
PTCL subtypes, with a median survival of 65 months for
ALCL and 20 months for other PTCL, and 4-year sur-
vival probabilities of 62 and 32%, respectively. From
MD Anderson Cancer Center, Melnyk et al. evaluated
68 T-cell lymphoma patients treated from 1984 to 1995
with anthracycline-containing regimens such as
CHOP–bleomycin alternating with DHAP (dexametha-
sone, cisplatin, and cytarabine), CHOP–bleomycin
alternating with CMED (cyclophosphamide, etoposide,
methotrexate, and dexamethasone), CHOP–bleomycin
alternating with OPEN (vincristine, etoposide, mitox-
antrone, and prednisone), or alternating triple therapy
consisting of ASHAP (cytarabine, doxorubicin, cisplatin,
and methylprednisolone), MBACOS (doxorubicin,
cyclophosphamide, vincristine, bleomycin, methylpred-
nisolone, and methotrexate), and MINE (mesna, ifos-
famide, mitoxantrone, and etoposide).23 Similar to
reports of others, the CR rate was 65%, the 5-year failure-
free survival rate was 38%, and overall survival result
was 38%, and those with ALCL had better results.
Interestingly, a significant number of deaths in patients
with non-ALCL T-cell lymphomas occurred 3 years after
treatment, many of whom died due to late relapses. 

Other investigators also have reported that T-ALCL
has a better prognosis than non-ALCL cases. Compared
to the non-T-ALCL PTCL, the 33 T/null (indetermi-
nant)-ALCL patients in the Non-Hodgkin’s Lymphoma
Classification Project were significantly younger, less
likely to have advanced-stage disease or bone marrow
involvement, more likely to have favorable IPI score,
and importantly, had greater survival results. The esti-
mated 5-year overall survival for all T/null-ALCL

patients in this series was 75% and the failure-free sur-
vival was 56%, and most (81%) of these patients had
been treated for curative intent with doxorubicin-con-
taining regimens. Patients with ALK� and ALK� disease
had no significant differences in clinical features or sur-
vival.81 However, in a study reported by the British
Columbia Cancer Agency and the University of
Nebraska Medical Center, which evaluated 57 patients
with systemic T/null ALCL treated with doxorubicin-
containing multiagent chemotherapy protocols for
curative intent, the 5-year overall survival rate was
57% (56% for 32 cases of T-ALCL and 83% for 25 cases
of null-ALCL).82 ALK protein expression was an inde-
pendent predictor of survival, as there was a statisti-
cally significant survival difference between the ALK�

(31 cases) and ALK� (26 cases) groups. For the ALK�

cases, the 5-year overall survival was 93% and the 5-
year failure-free survival was 88%, while the 5-year
overall survival was 37% and the 5-year failure-free
survival was 37% for the ALK� cases. Finally, in a retro-
spective study involving patients with systemic T/null
ALCL from multiple European institutions, the majority
of whom received doxorubicin-containing regimens,
showed that the ALK� subgroup had an overall survival
of 71% compared to only 15% for the ALK- subset.
Ten-year disease-free survival rates were 82% for the
ALK� group and 28% for the ALK� subset.83

Studies evaluating treatment for other specific T-cell
lymphoma subtypes that are non-ALCL generally
have reported disappointing responses, duration of
response and survival rates. T-prolymphocytic
leukemia (T-PLL) is relatively resistant to conventional
chemotherapy, as demonstrated by a study involving
78 patients with T-PLL.7 Thirty-two patients had
received alkylating agents and nine (28%) experienced
transient partial remissions (PRs). Five of 15 patients
(33%) had responded to CHOP, with 1 CR lasting 3
months. However, of the 31 patients treated with pen-
tostatin, 15 experienced responses (3 CRs, lasting 8,
10, and 12 months, and 12 PRs), of which 8 responses
were in 15 patients treated with pentostatin as first-
line therapy. Chott et al. reported results for 27
patients with intestinal T-cell lymphoma; only 7 of 14
treated with multiagent chemotherapy completed
therapy. Twenty of these 27 patients have died, and 17
died within 6 months from diagnosis. The overall
median survival was 4 months, and patients with stage
I had better survival rates than other patients.67 In
another study with 45 patients with hepatosplenic
gamma/delta T-cell lymphoma, most of whom were
treated with alkylating agents, CHOP or CHOP-like
therapies, second- or third-generation regimens for
high-grade lymphomas, and autologous or allogeneic
stem cell or peripheral stem cell transplantation, CRs
were obtained in five and relapses were common and
early in the treatment course. Thirty-six patients were
dead at the time of this study, with a median survival
of only 8 months (range 0–42 months).84 However,
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Matutes et al. reported results for 15 patients with ATLL
who received alpha-interferon and zidovudine (AZT),
11 of whom had previously received anthracycline-
containing chemotherapy regimens. Seven patients had
progressive disease, and eight were in remission at the
time of study completion. When starting alpha-inter-
feron and AZT, four patients had progressive disease,
eight were in partial/complete remission, and three
untreated patients had active disease. PRs lasting 2� to
44� months (median duration 10 months) occurred in
10 (67%) patients, four (26%) had no responses, and
one was not evaluable. Eight patients died 3–41 months
from diagnosis. Median survival for all 15 patients was
18 months; survival for nonresponders ranged from 4
to 20 months (median 6 months), and the 6 patients
with PR were alive 8–82 months from diagnosis, with
55% of all patients alive at 4 years. This study therefore
suggested that this combination may improve the out-
come of ATLL and help maintain responses, and should
be studied in other populations.85

Standard treatments for nasal NK/T-cell lymphoma
are unsatisfactory. In a retrospective analysis of Chinese
patients with primary NHL of the nose and nasophar-
ynx, many of whom received CHOP, CEOP (cyclophos-
phamide, epirubicin, vincristine, and prednisone) or
ProMACE-CytaBOM, with or without radiation, patients
with NK/T-cell lymphoma had very poor results.86

Compared to patients with T-cell (24 patients, 21.3%)
or B-cell (38 patients, 33.6%) phenotypes, those with
NK/T-cell lymphoma (51 patients, 45.1%) had the
highest male-to-female ratio, more frequent involve-
ment of the nasal cavity alone, a higher risk of skin dis-
semination, more frequent development of hemo-
phagocytic syndrome, and worse prognosis. The CR
rate for NK/T-cell disease was 56%, compared to 69.6
and 76.3% for T-cell and B-cell phenotypes, respectively.
The 5-year actuarial disease-free survival rates were
25.1% for NK/T-cell disease, 41.9% for T-cell phenotype,
and 40.9% for B-cell phenotype. The 5-year actuarial
overall survival was 31.1% for NK/T-cell phenotype,
57.7% for T-cell phenotype, and 35% for B-cell pheno-
type. The median overall survival was 12.5 months for
NK/T-cell phenotype, 93.4 months for T-cell pheno-
type, and 17 months for B-cell phenotype. In another
study, investigators treated patients with localized nasal
NK/T-cell lymphoma with four cycles of CHOP and
involved-field radiation therapy, obtaining a response of
58% and an estimated overall 3-year survival of 59%. In
fact, only 35% of patients completed the planned
sequential chemoradiotherapy due to disease progres-
sion during chemotherapy. These results led to the
authors’ conclusion that better treatments were needed
for localized nasal NK/T-cell lymphoma.87

HIGH-DOSE CHEMOTHERAPY/STEM 
CELL TRANSPLANT
Several groups have examined the impact of high-dose
chemotherapy on T-cell lymphomas. Investigators at

MD Anderson Cancer Center performed a retrospec-
tive analysis of 36 patients with relapsed or refractory
PTCL who received high-dose chemotherapy and
autologous (29 patients) or allogeneic (7 patients)
hematopoietic transplantation.88 The 3-year overall
survival rate was 36%, and progression-free survival
(PFS) rate was 28%. The 3-year probabilities of survival
for the autologous and allogeneic groups were 39 and
29%, respectively, while the PFS rates at 3 years were
32 and 14%, respectively. The pretransplant serum
LDH level was the most important prognostic factor
for both overall survival and PFS results. Furthermore,
patients with an IPI score of �1 had better overall sur-
vival, but not PFS rates, than those with greater IPI
scores. At a median follow-up of 43 months, 13
patients (36%) were still alive with no evidence of dis-
ease. These data were comparable to published studies
of high-dose chemotherapy for relapsed or refractory
B-cell lymphomas, and suggested that stem cell trans-
plant should be considered for selected patients with
T-cell lymphomas. In a study reported by Vose et al.,
41 patients with relapsed intermediate- or high-grade
lymphomas (17 cases of T-cell and 24 cases of B-cell
lymphomas) underwent high-dose therapy and autol-
ogous transplantation for salvage therapy. Comparable
results were obtained for B- and T-cell lymphomas.89

The T-cell patients had a slightly higher CR rate that
was not statistically significant (59% compared to
42%), with the durations of response being similar
(50% at 30 months, with no late relapses). The 2-year
overall survival rates for both groups were also similar,
being 35% for T-cell lymphomas and 30% for B-cell
lymphomas, as were the 2-year disease-free survival
rates (28% for the T-cell group and 17% for the B-cell
patients). Predictors of poor outcome for both groups
of patients were poor performance status, bulky tumor,
and high LDH levels. A study involving 40 patients
with relapsed T-cell lymphomas from Norway and
Sweden also examined the role of high-dose therapy
with autologous stem cell transplantation.90 All patients
had chemosensitive disease and had received anthracy-
cline-containing regimens, mainly CHOP, VACOP-B
(etoposide, doxorubicin, cyclosphophamide, vincristine,
prednisone, and bleomycin), or MACOP-B (methotrex-
ate, doxorubicin, cyclophosphamide, vincristine, pred-
nisone, and bleomycin), prior to transplantation. At
the time of stem cell transplant, 17 patients were in
first PR or CR, and 23 were in second or third PR or CR.
Conditioning regimens included BEAM (carmustine,
etoposide, cytarabine, and melphalan) in 15 patients,
BEAC (carmustine, etoposide, cytarabine, and cyclophos-
phamide) in 14, BEAC without etoposide and total
body irradiation (TBI) in 1, cyclophosphamide and TBI
in 8, and melphalan and mitoxantrone in 2. There
were three (7.5%) treatment-related deaths; however,
32 patients (80%) achieved or maintained a CR after
stem cell transplant, with relapses occurring in 16
patients, all within 2 years following transplantation.
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The 3-year overall, event-free, and relapse-free survival
rates were 58, 48, and 56%, respectively. As expected,
patients with ALCL had better outcomes than did other
histologies (79 and 44%, respectively). Furthermore,
these data appeared similar to those reported for stem
cell transplant for relapsed high-grade B-cell lym-
phomas.91 Others have studied allogeneic HLA-matched
sibling transplantation with combined marrow and
CD34�-enriched peripheral blood stem cell transplan-
tation after cytoreductive chemotherapy and TBI for
refractory cutaneous T-cell lymphoma (CTCL), sug-
gesting that this approach may be potentially benefi-
cial for selected patients.92

PURINE ANALOGS
The purine analogs pentostatin (deoxycoformycin),
fludarabine, and cladribine (2-chlorodeoxyadeno-
sine/2-CdA) are a group of structurally similar drugs
that are active agents in the therapy of T-cell lymphomas.

T-cells have high levels of adenosine deaminase (ADA),
a key enzyme involved in purine metabolism, and as
ADA inhibitors, these drugs produce DNA damage and
impairment of DNA repair. As single agents, the purine
analogs are relatively well tolerated, with myelosuppres-
sion being usually mild, although it tends to be more
severe with cladribine than with pentostatin. Of note is
the fact that these agents produce lymphopenia and
immunosuppression, occasionally resulting in the devel-
opment of opportunistic infections. 

Several studies have demonstrated that pentostatin
has activity against T-cell lymphoma (Table 60.3).
Investigators at the Royal Marsden Hospital in London
demonstrated that pentostatin has activity in post-
thymic mature T-cell malignancies. Mercieca et al.98

obtained an overall response rate of 32% for 145
patients treated with pentostatin for a variety of mature
T-cell tumors, most of whom had disease considered
relapsed or refractory to anthracycline-containing 

Table 60.3 Results of phase II trials with pentostatin in T-cell lymphoma

Smyth et al.93 Lymphoblastic lymphoma 7 2 2 57

Lofters et al.94 Adult T-cell leukemia 6 1 0 17

Yamaguchi et al.95 Adult T-cell leukemia 5 2 0 40

Greiner et al.96 Cutaneous T-cell lymphoma 18 5 2 39

Monfardini et al.97 Low-grade lymphoma 18 3 0 17
T-cell high- and 12 1 1 8
intermediate-grade 7 1 0 14
lymphoma

Mercieca et al.98 Sézary syndrome 20 9 3 60
T-cell non-Hodgkin’s 27 5 0 19
lymphoma
Adult T-cell leukemia 25 1 2 12
Cutaneous T-cell lymphoma 13 0 0 60
(no Sézary syndrome)

Ho et al.99 Sézary syndrome and 19 4 1 26
mycosis fungoides

Dearden et al.100 Adult T-cell leukemia 20 1 2 15
Cutaneous T-cell lymphoma 13 6 1 54

Cummings et al.101 Non-Hodgkin’s lymphoma 25 4 0 16
Hodgkin’s disease 3 1 0 33
Cutaneous T-cell lymphoma 8 4 0 50

Duggan et al.102 Non-Hodgkin’s lymphoma 76 7 5 16

Ho et al.103 Sézary syndrome and 46 17 1 39
mycosis fungoides

Kurzrock et al.104 Sézary syndrome 14 6 4 71
Mycosis fungoides 6 3 1 66
Peripheral T-cell lymphoma 3 2 1 100

Grever et al.105 Cutaneous T-cell lymphoma 21 4 2 29

Adapted from Verstovsek et al.106

Number Partial Complete Overall response
Study Lymphoma type of patients remissions remissions rate (%)



regimens or alkylating agents. The median overall
duration of response was 6 months, ranging from 3 to
66 months. For the 55 patients with T-PLL, 5 achieved
a CR and 20 achieved a PR, lasting from 3 to 16
months (median 6 months), for an overall response
rate of 45%. For the 16 patients with SS, 3 experienced
a CR and 7 had PRs, ranging from 3 to 66 months
(median 9 months), for an overall response rate of
62%. However, 13 patients with other types of CTCL,
including 5 with MF, did not respond to pentostatin.
Nonethless, of the four patients with circulating Sézary
cells without skin involvement, two (50%) had PRs in
terms of improvement in peripheral lymphocytosis
and bone marrow function. Two of the five patients
with LGLL leukemia also achieved a CR, one lasting 18
months and the other lasting 12 months. However,
other subsets of T-cell disease in this study had lower
response rates to pentostatin. Two of the 25 patients
with ATLL achieved a CR, one lasting 33 months and
the other died of an opportunistic infection while still
in CR 5 months after stopping drug treatment; another
achieved a PR lasting 5 months, with an overall
response rate of 12%. Meanwhile, 27 patients with
PTCL were treated, with 5 PRs and no CR, for an over-
all response rate of 19%. The duration of response was
from 3 to 28 months, with a median response duration
of 9 months. There was no statistically significant dif-
ference in the response rates of previously untreated
patients compared to those for patients previously
treated with one or more regimens (35% vs 29%, respec-
tively), with histologic subtype being the single most
important factor influencing results.

Other investigators have studied pentostatin for
patients with relapsed CTCL or PTCL with prominent
cutaneous manifestations.104 Of the 24 patients evalu-
able for response, six (25%) patients had CR and 11
(46%) patients had PR. Ten of 14 (71%) patients with SS,
four of six (66%) with tumor stage MF, and three of three
with PTCL responded. Although the median response
duration of the patients with tumor-stage MF was only 2
months (range 1–2 months) and 3.5 months for SS
patients, there were two SS patients with prolonged
responses lasting greater than 1 year. One of the three
PTCL patients had an ongoing CR at 20 months. The
most common side effect observed in these patients who
had received a median of three prior therapies (range
1–12) was significant lowering of CD4 counts, and sev-
eral subsequently developed herpes zoster infection. 

Recently, investigators at MD Anderson Cancer
Center treated 14 patients with relapsed noncutaneous
T-cell lymphomas with pentostatin, and reported
details regarding its lymphopenic effects.107 One
patient (7%) had a CR and six (43%) had PRs, with the
median PFS result for responders being 6 months
(range 2–15 months). A significant reduction in circu-
lating CD26� T lymphocytes was observed in treated
patients, potentially associated with immunosupres-
sion. In one patient with PR, the decrease in the levels

of CD26� T lymphocytes was associated with genital
herpes reactivation, while resolution of this oppor-
tunistic infection was associated with a recovery in
CD26� T-cell levels, once pentostatin was discontin-
ued. Since CD4�CD26� T lymphocytes are memory
helper T cells, the selective loss of CD26� T cells in
lymphoma patients treated with pentostatin has
important clinical implications, and may partly
explain the relatively high incidence of opportunistic
infections observed in patients receiving this agent.

The other purine analogs, cladribine and fludara-
bine, also have activity in T-cell lymphomas, although
relatively limited data are available. One study involv-
ing 25 patients with relapsed or refractory cutaneous
T-cell lymphoproliferative disorders (24 MF or SS and
1 Ki-1 � ALCL) showed that 2-CdA treatment resulted
in a 24% response rate, with 3 patients (12%) having a
CR with a median duration of 4.5 months (range 2.5–16
months) and three patients having a PR with a median
duration of 2 months (range 2–4 months). The most sig-
nificant toxicities were myelosuppression and infec-
tion, with opportunistic infections occurring in a signif-
icant percentage of patients.108,109 Another study also
demonstrated 2-CdA activity in T-cell lymphomas, as
22 patients with such varied diagnoses as T-LGLL, T-PLL,
T-CLL, SS, MF, and PTCL who were treated with 2-CdA
had a response rate of 41%. Four responders (18%) had
CRs (1 T-PLL, 1 MF, and 2 T-LGLL) while five patients
(23%) had PRs (2 T-CLL, 1 SS, and 2 PTCL). All patients
with PR and one CR patient developed relapses at a
median of 7 months (range 5–26 months), while three
patients with CR remain in remission at 30�, 36�,
and 54� months. The median overall survival was 12
months, and the main toxicities were fever and infec-
tion.110 To date, there is only limited published data to
suggest that fludarabine has single-agent activity in cer-
tain subsets of T-cell lymphoma, particularly MF.111,112

Several investigators have studied purine-analog-
containing combination therapies for T-cell tumors. In
a phase II study of 41 patients with advanced MF/SS,
the combination of pentostatin and intermittent high-
dose recombinant interferon alfa-2a resulted in CR in
two and PR in 15 patients, for an overall response
rate of 41%. The PFS duration for responders was 13.1
months, and common toxicities for this combination
included opportunistic infection and interferon-related
constitutional symptoms.113 The combination of flu-
darabine and interferon alfa-2a was also tested in
another phase II trial of 35 patients with advanced
MF/SS, with 4 CRs and 14 PRs for an overall response
rate of 51%.114 The median PFS duration for responders
was 5.9 months, with three of the CRs still in remission
after 18–35 months. Significant toxicities included con-
stitutional symptoms, neutropenia, and infections.
Another study with 12 patients with advanced refrac-
tory primary CTCL demonstrated that treatment with
the combination of fludarabine and cyclophosphamide
resulted in 1 CR and 4 PRs for an overall response rate
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of 42%. The mean duration of response was 10 months,
with bone marrow toxicity being the common and sig-
nificant side effect.115 Finally, the combination of flu-
darabine, mitoxantrone, and dexamethasone has pro-
duced 1 CR that has lasted 15 months after treatment
cessation in a patient with aggressive subcutaneous
panniculitislike T-cell lymphoma.116

GEMCITABINE
Gemcitabine is a novel pyrimidine antimetabolite with
clinical activity and a low-toxicity profile in solid tumors
and selected T-cell hematologic malignancies. A phase II
study involving 44 previously treated patients with
either MF (n 
 30) or PTCL with exclusive skin involve-
ment (n 
 14) treated with gemcitabine reported 5
(11.5%) CRs and 26 (59%) PRs, for an overall response
rate of 70.5%.117 Responses varied by histology: three of
30 (10%) MF patients attained a CR and 18 of 30 (60%)
had PRs, while two of 14 (14.5%) PTCL patients had CRs
and eight of 14 (57%) achieved PRs. The median dura-
tion of CR was 15 months (range 6–22 months) and of
PR was 10 months (range 2–15 months). Treatment was
generally well tolerated, and hematologic toxicities were
mild. Gemcitabine was also found to be effective and
well-tolerated therapy for relapsed or refractory T-cell
malignancies in another study involving 10 patients
with various histologies.118 There were 2 CRs and 4 PRs,
for an overall response rate of 60%, with a median dura-
tion of response of 13.5 months. 

A pivotal, multicenter phase III trial was then per-
formed to evaluate the activity of denileukin diftitox
in patients with CD25� CTCL.119 Patients were ran-
domized to receive denileukin diftitox given at a dose
of either 9 	g/kg/day for 5 days every 3 weeks or 18
	g/kg/day for 5 days every 3 weeks, with no steroid
premedication. Thirteen of 36 patients receiving the
higher dose had an objective response, as compared to
eight of 35 patients in the lower dose cohort. Overall,
20% of patients had PRs while 10% had CRs, with the
mean duration of response being 6.9 months. There
were CRs in both groups, with the 3 CRs in the lower
dose group having early stage (IB) disease, while the 3
CRs in the higher dose group had stage IIB or higher
disease, suggesting a role for the higher dose in
patients with advanced-stage disease (Table 60.4). An
increase in the titer of antidenileukin diftitox antibod-
ies was seen in most patients, which did not have a sig-
nificant effect on antitumor efficacy. Regarding tumor
CD25 status, 58% of all skin samples of CTCL patients
met the inclusion criteria of having greater than 20%
CD25 positivity on tumor cell surface. However, in
multiple instances, the results from multiple biopsies
taken from the same patient showed a wide range of
CD25 expression. Side effects included acute hyper-
sensitivity-type events related to drug administration,
associated with dypsnea, back pain, hypotension,
chest tightness, pruritus, and flushing. Transient eleva-
tion of liver enzymes was also seen, as well as rashes and
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Table 60.4 Denileukin diftitox in cutaneous T-cell lymphoma—results from pivotal phase III trial119

DAB389 IL-2 dose

9 	g/kg/day 18 	g/kg/day All

Stage N Response n Response n Response

Response in phase III CTCL trial 

All 35 8 (23%) 36 13 (36%) 71 21 (30%)
�IIA 14 6 (43%) 12 4 (33%) 26 10 (38%)
�IIBa 21 2 (10%) 24 9 (38%) 45 11 (24%)

Response by stage in phase III CTCL trial

n 
 35 n 
 36

CR 3 4
IB (3) IB (1)

IIB (2) 
IVA (1)

PR 5 9
IB (1) IB (2)
IIA (2) IIA (1)
IIB (1) IIB (3) 
IVA (1) III (2)

IVA (1)

CTCL, cutaneous T-cell lymphoma.
aLogistic regression favoring high dose for stage �IIB (P 
 0.07).
Adapted from Foss FM.120
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flulike symptoms. A vascular leak syndrome, associ-
ated with hypotension, edema, and hypoalbumine-
mia, was also noted in approximately 25% of patients.
Most side effects were transient and tended to occur
early in treatment. Steroid premedication was not used
in the pivotal trial to avoid ambiguity in interpreting
efficacy; however, in a subsequent study with 15 CTCL
patients, which allowed for the use of intravenous
steroids, there was a higher response rate (60%) with
denileukin diftitox with a substantial decrease in
adverse effects.121 The improvement in patient’s tolera-
bility associated with concurrent steroid administra-
tion may have led to greater patient compliance and
treatment completion, potentially resulting in better
response rate; in the pivotal phase III trial, many
patients discontinued therapy prior to completing four
cycles due to toxicity and were deemed nonresponders.
Therefore, steroid premedication may ultimately lead
to greater patient compliance and higher response rates
with this drug. Besides its efficacy in CTCL, denileukin
diftitox also has activity in other T-cell lymphomas and
deserves further study in these diseases.122,123

CAMPATH-1H/ANTI-CD52 ANTIBODY
CD52 is a nonmodulating glycosylphosphatidylinosi-
tol-linked protein that is expressed, in abundance, on
normal and malignant B and T lymphocytes, mono-
cytes, macrophages, and eosinophils, but not on
hematopoietic progenitor cells.124,125 Given the high
expression of CD52 on the surface of malignant cells,
specific antibody targeting this antigen may serve as
appropriate novel therapy for these CD52-expressing
tumors. Campath-1H is a genetically engineered
human IgG1 anti-CD52 monoclonal antibody, consist-
ing of the hypervariable regions of the parental rat
antibody inserted into the framework domains of nor-
mal human immunoglobulin IgG1 genes. As a human-
ized antibody, Campath-1H may work through a num-
ber of mechanisms, including complement-mediated
lysis, antibody-dependent cell cytotoxicity, and apop-
tosis. Different cell types express different levels of
CD52 on their surface, which may explain in part the
observed variation in their sensitivity to Campath-1H-
mediated lysis.126 Campath-1H treatment is generally
well tolerated, with the most significant toxicity being
prolonged lymphopenia associated with opportunistic
infections, especially in heavily pretreated patients. 

Prior to the development of Campath-1H, a prede-
cessor antibody, the rat antibody Campath-1G caused
clearance of malignant cells from the blood and bone
marrow in various lymphoid malignancies, suggesting
potential clinical applications for anti-CD52 antibody
therapy.127 In a subsequent phase II study involving 39
patients with T-PLL, all but two patients of whom had
received prior therapy with a variety of agents, investi-
gators obtained an overall response rate of 76%, with
60% CR and 16% PR.128 The median disease-free inter-
val was 7 months (range 4–45 months). Clearance of

tumor cells from the blood and bone marrow was gen-
erally rapid but did not cause tumor lysis syndrome.
Disease resolution from skin, spleen, and lymph nodes
also occurred in approximately half of the affected
patients, although those with bulky lymph node
masses, serous effusions, or hepatic or central nervous
system involvement had more resistant disease. There
was a statistically significant difference in survival for
patients achieving a CR (median 16 months) as com-
pared to partial responders (median 9 months) or non-
responders (median 4 months). Meanwhile, 12
patients were retreated with Campath-1H following
relapse, with five (42%) achieving a second CR and
one achieving PR, with responses lasting 5–6 months.
Seven patients received high-dose therapy with autol-
ogous stem cell support, and stem cells harvested from
these patients were free of T-PLL cells as documented
by flow cytometry and PCR studies. Three of these
patients remained alive in CR at 5, 7, and 15 months
following autograft. Four additional patients under-
went allogeneic stem cell transplants, with three being
alive in CR up to 24 months following allograft. As
expected, major toxicities were prolonged lymphope-
nia and opportunistic infections. In a retrospective
analysis of compassionate use of the drug for relapsed
or refractory T-PLL, 76 patients treated with Campath-
1H had an overall response rate of 51% including a
39.5% CR rate, with the median duration of CR being
8.7 months (range 0.13� to 44.4 months) and median
time to progression for all patients being 4.5 months
(range 0.1–45.4 months).129 These figures are very
favorable in this population whose response rate to
first-line chemotherapy was only 32%, with a 6% CR
rate and a median time to progression of only 2.3
months (range 0.2–28.1 months). Specific organ CRs
varied: 39% in the bone marrow, 33% in the spleen,
32% in lymph nodes, 30% in the liver, and 43% in the
skin. Campath-1H also had activity in patients with
advanced CTCL. A phase II multicenter study was
done in Europe, which enrolled previously treated
patients with low-grade NHLs, including CTCL.130 Out
of the eight patients with MF, there were four respon-
ders (50%), including 2 CRs. This response rate was
higher than the 14% response rate (six of 42 patients
had PR) seen with the B-cell lymphoma patients under
study. Among the four responding MF patients, the
median time to progression was 10 months (range
2–14 months). Consistent with previous findings, the
most pronounced antitumor effect was seen in blood,
bone marrow, and skin, while there was low response
with bulky lymph nodes and splenomegaly.

CONCLUSION

T-cell lymphoid malignancies represent a heteroge-
neous group of relatively rare diseases that are defined
as distinct entities by a constellation of laboratory and



clinical features, including morphologic features,
immunophenotype, genetic features, clinical manifes-
tation, and clinical course. Recent classification
attempts have considered mature T-cell malignancies
as separate entities, with site of disease presentation
being an important part of disease behavior. Excluding
rare exceptions such as ALCL, our knowledge regard-
ing disease pathophysiology, prognostic factors, and
disease-specific molecular features is still incomplete,
due to their relative rarity and heterogeneity. Also,
except for ALCL and certain CTCL, T-cell tumors often
have systemic involvement, are generally aggressive,
and are relatively refractory to currently available
treatments. Therefore, there is an urgent need to iden-
tify novel molecular targets on T-cell malignancies for
future therapy, which may also serve as potential prog-
nostic markers for selected disease subsets. For most T-
cell lymphoid malignancies, available treatment
modalities have included conventional combination
chemotherapy, often with anthracycline-containing
regimens, resulting in rather disappointing results in
terms of response rate, response duration, and overall

survival. Other agents with published activities
include the purine analogs and gemcitabine, and these
drugs need further study. Recent efforts have focused
on the use of targeted therapy, especially the fusion
protein denileukin diftitox and the monoclonal
Campath-1H/anti-CD52 antibody, which have defi-
nite activity in various subsets of T-cell tumors. Other
investigational agents including monoclonal antibod-
ies targeting cell surface antigens are under develop-
ment in various clinical trials at the present time.
However, in view of the unsatisfactory outcomes seen
in most cases of T-cell lymphoid malignancies, novel
therapies should be explored in large, prospective ran-
domized trials involving multiple institutions, and
patients with these malignancies should be enrolled on
these trials as the first choice of therapy. Potential
combinations involving established chemotherapy
regimens with emerging targeted therapies that
exhibit novel mechanisms of action and nonoverlap-
ping toxicities should also be considered for the treat-
ment of T-cell lymphoid malignancies to improve
clinical outcomes.
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INTRODUCTION

Acquired immunodeficiency syndrome (AIDS) follow-
ing infection with human immunodeficiency virus
(HIV) was brought to the world’s attention in 1981,
with the first case reports of Pneumocystis carinii pneu-
monia (PCP) in homosexual men in Los Angeles.
These reports were quickly followed by descriptions of
Kaposi’s sarcoma (KS) in similar patient groups. There
followed a cornucopia of opportunistic infections and
isolated reports of high-grade B-cell non-Hodgkin’s
lymphomas (NHL), both primary cerebral lymphomas
and systemic NHL. By 1985, high-grade B-cell NHL was
included along with KS as an AIDS-defining illness by
the Centers for Disease Control (CDC), following the
publication of a series of 90 homosexual men with
NHL.1 A number of other cancers occur at an increased
frequency in people with HIV infection, including
Hodgkin’s lymphoma, anal cancer, lung cancer, and
testicular seminoma2,3; however, these malignancies
have not been included in the definition of AIDS. In
addition, an increased incidence of multicentric
Castleman’s disease (MCD) has been found in people
with HIV, following the recognition of an association
between MCD and AIDS-associated KS.4,5 Studies by
the World Health Organization have shown that by
December 2003, over 20 million people had died of
AIDS and 42 million people were living with the virus.
The number of people newly infected with HIV is
approximately 6 million per year.6

Dramatic improvements in the antiviral therapy of
HIV infection occurred in the second half of the 1990s
which have altered the natural history of HIV infec-
tion in those economies where these medicines are
widely available. The introduction of highly active
antiretroviral therapy (HAART) has led to a fall in the
incidence of both opportunistic infection and AIDS-
associated malignancies. The development of effective
antiretroviral therapies commenced with the introduc-
tion of nucleoside reverse transcriptase inhibitors

starting with zidovudine in 1987. In the last 8 years,
three new classes of antiretroviral agents have been
introduced: protease inhibitors (PIs) (saquinavir, indi-
navir, ritonavir, nelfinavir, and lopinavir), non-nucleo-
side reverse transcriptase inhibitors (nevirapine,
delavirdine, and efavirenz), and fusion inhibitors
(enfuvirtide). The introduction of the first two classes
in the late 1990s led to the use of combination HAART.
HAART has had an enormous impact on the treatment
of HIV in terms of overall survival, incidence of oppor-
tunistic infections, and quality of life. In randomized
studies, HAART led to a dramatic decline in the mor-
tality and morbidity of HIV.7 However, only 1 million
of the estimated 42 million people infected with HIV
worldwide are receiving HAART, as the majority of
affected people live in developing countries. In addi-
tion, even in the established market economies with
access to medical treatment, many individuals remain
undiagnosed and consequently do not receive HAART.

AIDS-RELATED SYSTEMIC LYMPHOMA

EPIDEMIOLOGY OF AIDS-RELATED LYMPHOMA 
IN ERA OF HAART
NHLs are associated with both congenital and iatro-
genic immunosuppression, and so it was perhaps not
surprising that an increased incidence was demon-
strated early in the AIDS epidemic. Registry linkage
studies in the pre-HAART era found that the incidence
of NHL in HIV-positive individuals was 60–200 times
higher than in the matched HIV-negative popula-
tion8,9 and the relative risk was even greater for pri-
mary cerebral lymphomas. Following the introduction
of HAART, the incidence of both KS and primary cere-
bral lymphoma has fallen significantly in both registry
linkage and cohort studies.10–12 In contrast the effects on
systemic NHL are less clear although some cohort stud-
ies suggest a modest nonsignificant decline in the inci-
dence,13–15 including in the hemophilia population.16
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two groups. However, the patients who developed
lymphoma in the HAART era were less likely to have
had a prior AIDS diagnosis, were older, and had higher
CD4 cell counts at the time of lymphoma diagnosis.29

Thus, although there has been a change in the
immunologic parameters of lymphoma patients, this
would seem to reflect changes in the population at risk
rather than any alteration of the biology of the lym-
phomas. A further analysis of patients who presented
with lymphoma in the era of HAART compared those
who were receiving HAART at the time of lymphoma
diagnosis (n 
 17) with those who were not (n 
 34).
Again there were no significant differences between
the stages or disease sites at presentation but the CD4
cell counts at lymphoma diagnosis were higher in
those on HAART. 

TREATMENT OF AIDS-RELATED LYMPHOMA 
IN THE ERA OF HAART
During the 1980s, conventional chemotherapy sched-
ules were used at full dosages for patients with better
prognostic factors. However, marked toxicity and an
increased incidence of opportunistic infections lead to
modifications of the standard lymphoma regimens,
such as the modified methotrexate, bleomycin, doxoru-
bicin, cyclophosphamide, vincristine, dexamethasone
(mBACOD) schedule used by the AIDS clinical trials
group (ACTG).30 The subsequent development of
hematopoetic growth factors allowed more myelotoxic
schedules to be studied. Full-dose mBACOD with gran-
ulocyte-macrophage colony-stimulating factor (GM-
CSF) support was compared with low-dose mBACOD in
ACTG-142, a randomized trial. The median survival in
the low-dose arm was 7.7 months and was 6.8 months
in the standard-dose arm. There was no difference in
either response or survival duration; however, an
increased incidence of neutropenic sepsis was recorded
in the full-dose arm (Table 61.1). Of note, more patients
had active lymphoma at the time of death in the low-
dose arm of the study, suggesting that the enhanced
anti-tumor activity of the standard schedule was being
offset by the greater toxic deaths.27 A number of phase
II trials were conducted in this era with complete remis-
sion (CR) rates of 14–68% but the median survival in
unselected patients never exceeded 1 year (Table 61.2).

The only other randomized controlled trial of treat-
ment for AIDS-related systemic NHL was also con-
ducted predominantly in the pre-HAART era. The
European Intergroup Study devised a risk stratified
trial in which patients were allocated into one of three
prognostic groups on the basis of CD4 count �100 �

106/L, a prior AIDS-defining diagnosis, and an eastern
co-operative oncology group (ECOG) performance sta-
tus score �1. In the good prognosis group, 188 patients
were randomized between ACVB/LNH84 (doxorubicin,
cyclophosphamide, vindesine, bleomycin, and pred-
nisolone) and CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisolone) regimens. Complete

An international meta-analysis of 20 cohort studies
compared the incidence of systemic NHL between
1992–1996 and 1997–1999. This meta-analysis con-
firmed an overall reduction in the incidence of both
primary cerebral lymphoma (rate ratio 
 0.42) and sys-
temic immunoblastic lymphoma (rate ratio 
 0.57)
but not Burkitt’s lymphoma (rate ratio 
 1.18).17

PREDICTORS OF AIDS-RELATED LYMPHOMA
Genetic, infectious, and immunologic factors influ-
ence the development of AIDS-related lymphoma. For
example, germline chemokine and chemokine recep-
tor gene variants have been found to influence the
chance of developing these tumors.18,19 Acyclovir has
mild activity against Epstein–Barr in vivo, and one
case–control study has shown that administration of
high-dose acyclovir (�800 mg/day) for �1 year was
associated with a significant reduction in the inci-
dence of NHL.20

An analysis of a cohort of over 8000 HIV-positive
patients has identified three factors in multivariate
analysis that are significantly associated with the
development of NHL: age, nadir CD4 cell count, and
no prior HAART.21 As the CD4 count falls, the develop-
ment of lymphoma becomes more likely, and this may
explain the declining incidence of NHL since the
introduction of HAART, as it is thought that the
immune restoration that accompanies HAART protects
against the development of AIDS-related lymphoma.
Nonetheless, the risk of lymphoma persists even
among patients who are on HAART and have no
detectable HIV viremia.22

CLINICAL PRESENTATION OF AIDS-RELATED
LYMPHOMA
The majority of patients with systemic AIDS-related
lymphomas present with advanced stage disease
and B symptoms. Extranodal disease, bone marrow
involvement, and leptomeningeal disease are all
common features. Hepatic involvement occurs in
up to 25% patients, while one in five patients has
bone marrow involvement by NHL. In addition,
HIV infection itself is associated with trilineage
abnormalities of hematopoiesis23,24 and the poor
hematologic reserves add to the myelotoxicity of
cytotoxic chemotherapy. Central nervous system
(CNS) involvement by systemic AIDS-associated
NHL is frequent; leptomeningeal disease is present
at diagnosis in 3–10% and is significantly associated
with both Burkitt’s lymphoma and paraspinal or
paranasal involvement.25–28

In the published series from our institution (Chelsea
& Westminster Hospital, London) that compared the
clinical characteristics of 99 AIDS-related lymphomas
presenting prior to 1996 and 55 that presented
between 1996 and 1999, there were no differences in
the stage at presentation, presence of B symptoms, bone
marrow infiltration, or performance status between the
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Table 61.1 Table of phase III chemotherapy trials

Patients Median CD4 Complete Median survival
Regimen treated count (per mm3) remission (%) (months) HAART References

ACTG-142 low- 94 100 41 9 None 27
dose mBACOD arm

ACTG-142 full- 98 107 52 8 None 27
dose mBACOD arm

European Intergroup 80 66 51% 2-year OS 31
Study good prognosis 200
ACVB arm 

European Intergroup 79 60 43% 2-year OS 31
Study good prognosis 
CHOP arm 

European Intergroup 59 63 35% 2-year OS 31
Study moderate 60
prognosis CHOP arm

European Intergroup 51 39 28% 2-year OS 31
Study moderate 
prognosis half-dose 
CHOP arm

Table 61.2 Table of Phase II chemotherapy studies from the pre-HAART era

Patients Median CD4 Complete Median survival
Regimen treated count (per mm3) remission (%) (months) HAART References

HD ara-C/HD MTX 9 173 33 6 None 32

COMP and ProMACE- 83 33 5 None 33
MOPP

COMET-A 38 164 58 5 None 34

COMLA, mBACOD, 27 169 46 11 None 34
CHOP

L-17, NHL-7, CHOP 30 56 6 None 35

LNH-84 141 227 63 9 None 36

Low-dose mBACOD 35 150 35 4 None 30

Oral chemo 38 84 34 7 None 37

CHOP 60 103 54 13 None 38

CHOP 21 �200 19 5 None 39

CHOP 38 (good risk) 68 21 40

CHOP 18 (poor risk) 28 5 40

PVB 12 (poor risk) 2 40

CEOP 18 44 9 None 41

MACOP-B 8 79 50 4 None 42

CHVm-P 37 35 14 None 43

EACBOPM-P 30 33 8 None 44

ACVB 32 56 9 None 45

HD are-C/HDMTX, high dose cytarabine/high dose methotrexate; COMP, cyclophosphamide, vincristine, methotrexate and prednisolone; Pro
MACE-MOPP, Prednisolone, methotrexate, doxorubicin, cyclophosphamide, etoposide/mustine, vincristine, procarbazine and prednisolone;
COMET-A, cyclophosphamide, Oncovin, methotrexate, leucovorin, etoposide, cytarabine; COMLA, cyclophosphamide, Oncovin, methotrex-
ate, leucovorin, cytarabine; LNH-84, high-dose methotrexate plus leucovorin, ifosfauride, etoposide, asparaginase, and cytarabine; PVB, pred-
nisolone, vincristine, bleomycin; CEOP, cyclophosphamide, etoposide, vincristine, prednisolone; MACOP-B, methotrexate, doxorubicin,
cyclophosphamide, vincristine, prednisone, bleomycin; CHVm-p, cyclophosphamide, doxorubicin, teniposide, prednisone, vincristine,
bleomycin; EACBOPM-P, etoposide, doxorubicin, cyclophosphamide, bleomycin, vincristine, methotrexate, prednisone



response rates were 65% and 56%, respectively, and
there was no difference in overall survival, suggesting
that as with other studies in high-grade lymphoma,
nonmyeloablative dose intensification offers little
benefits as first-line treatment. One hundred and
thirty-nine patients with intermediate-risk disease
(one adverse factor) were randomized to receive either
full-dose CHOP or half-dose CHOP. Patients treated
with full-dose CHOP had a significantly higher com-
plete response rate (59% compared to 35%), although
this did not translate into an improved overall sur-
vival. It should be remembered that the majority of
patients were enrolled onto this study prior to the
widespread use of HAART and that only around a
quarter of the patients were receiving HAART at entry.
The poor-risk group was randomized between half-
dose CHOP and vincristine and prednisolone, but
recruitment to this arm is incomplete.31

A number of groups have recently described an
improvement in the overall survival for these patients
compared to historical controls since the introduction
of HAART. In two studies, the outcome of treatment
with CHOP chemotherapy has been compared in the
pre-and post-HAART eras, and improved CR rates and
overall survivals have been demonstrated46 (Table
61.3). However, in many series, there has been no
change in the lymphoma response rates and the

improvements in survival duration may be related to
reduced deaths from opportunistic infections among
patients who achieve durable tumor remissions48–51

(Tables 61.3 and 61.4).
Infusional chemotherapy for high-grade lymphoma

was pioneered at the Albert Einstein Cancer Center in
New York, using the combination of cyclophos-
phamide, doxorubicin, and etoposide (CDE) adminis-
tered as a 96-h continuous infusion for up to six
courses at 4-weekly intervals, together with granulo-
cyte colony-stimulating factor (G-CSF).59 Early reports
of a selected group of 25 patients with AIDS-related
lymphomas who were treated with CDE and didano-
sine reported an impressive median survival of 18.4
months, and this schedule was widely heralded as a
breakthrough in the management of AIDS related lym-
phoma (ARL).60 The same schedule was then combined
with saquinavir, with similar results, although there
was more mucositis with the PI.61 A large multicenter
phase II trial of infusional CDE has been conducted by
the Eastern Cooperative Oncology Group, and the
results have been far less impressive as is so often the
case following encouraging initial single-center
studies62 (Table 61.5).

At the National Cancer Institute, EPOCH (etopo-
side, prednisolone, vincristine, cyclophosphamide,
and doxorubicin) has been developed which omits all
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Table 61.3 Table of phase II trials with historical controls

Patients Median CD4 Complete Median survival
Regimen treated count (per mm3) remission (%) (months) HAART References

CHOP 41 163 34 7 None 46

CHOP + HAART 17 200 75 NYR 100% 46

CHOP 80 146 36 7 None 47

CHOP + HAART 24 190 50 NYA 100% 47

Table 61.4 Table of phase II trials in post;–HAART era

Patients Median CD4 Complete Median survival
Regimen treated count (per mm3) remission (%) (months) HAART (%) References

BEMOP/CA 30 262 60 24 33 52

Hyper-CVAD (BL only) 13 77 92 �30 69 53

LNHIV-91 52 276 71 15 54

Rituximab-CDE 30 132 86 NYR 100 55

Rituximab-CHOP 61 171 80 NYR 56

CIOD 14 �100 93 35 57

Modified CHOP 40 138 30 100 58

CHOP 25 122 48 100 58

NYR, not yet reached

BEMOP/CA, bleomycin, etoposide, methotrexate, vincristine, prednisolone, cyclophosphamide, doxorubicin; Hyper-CVAD, fractionated
cyclophosphamide, vincristine, doxorubicin, dexamethasone; BL, Burkitt lymphoma; LNHIV-91, 3-4 cycles of ACVBP (doxorubicine, cycloph-
sphamide, Vindesine, bleomycin, prednisolone) followed by 3 cycles of CVM (Cyclophosphamide, etoposide, methotrexate); CIOD,
cyclophosphamide, idarubicin, vincristine, prednisolone



HAART for the duration of the chemotherapy. Initial
reports have been encouraging with a complete
response rate of 79%. However, there was a dramatic
fall in CD4 cell count during chemotherapy, and even
on restarting the HAART at the end of chemotherapy
this took 12 months to recover to baseline levels64

(Table 61.5). This phase II study has been expanded to
39 selected patients63 and is currently under investiga-
tion in a multicenter study under the auspices of the
AIDS malignancy consortium. As there are no compar-
ative studies, it is difficult to recommend an optimal
gold standard therapy, and there are advocates of con-
ventional CHOP as well as supporters of infusional
therapies.

The use of infusional chemotherapy requires G-CSF
support, and this is also frequently necessary with
CHOP in this patient group in view of the high fre-
quency of myelodysplasia. Although it was considered
a possibility that GM-CSFs could stimulate HIV repli-
cation, there is no evidence that the use of these agents
results in a rise in HIV viremia or progression of HIV
disease.

The high rate of leptomeningeal disease at presenta-
tion, which may be asymptomatic,30 led to the wide-
spread use of staging lumbar punctures and the use of
prophylactic intrathecal chemotherapy for patients
considered to be at high risk of relapse in the cere-
brospinal fluid (CSF). The prophylactic administration
of intrathecal chemotherapy to patients with these risk
factors but without meningeal disease at presentation
prevented meningeal relapse in 81%.25

Chemotherapy results in a decline in CD4 cell counts
in both immunocompetent and immunocompromised
patients,65,66 and prophylaxis to prevent opportunistic
infections, particularly in this patient group, requires
careful attention. It is well established in the manage-
ment of HIV infection that prophylaxis should com-
mence against PCP when the CD4 cell count falls below
200/mm3 and against Mycobacterium avium complex
(MAC) when it falls below 50/mm3 (Ref. 67).

The prolonged T-cell depletion recorded following
EPOCH64 was previously demonstrated for patients
receiving chemotherapy in the pre-HAART era.68 The
concomitant use of chemotherapy and HAART has
been widely practiced, and a study in patients with
ARL has demonstrated that when used together the
CD4 cell count declines by 50% during chemotherapy
but recovers rapidly within 1 month of completing

chemotherapy. The CD8 and natural killer (CD16 and
CD56) cell counts follow a similar profile, while the 
B-cell (CD19) count recovers more slowly but is restored
to prechemotherapy levels by 3 months. There was no
change in the HIV mRNA viral load during chemother-
apy.69 In view of the decline in CD4 cell count by 50%,
PCP prophylaxis should commence at CD4 cell counts
of 400/mm3 and MAC at CD4 counts of 100/mm3.

The improved survival described since the intro-
duction of HAART and the preservation of immune
function suggest that the combination of chemother-
apy with HAART is an important step forward in the
management of AIDS-related lymphomas.46,47,58,69

However, there are both toxicity and pharmacokinetic
drawbacks to the concomitant administration of
chemotherapy and HAART. As mentioned in the first
series describing the use of saquinavir with CDE, there
was an increased incidence of mucositis61 and more
anemia in another series including patients receiving
concomitant PIs.47 The PI class of antiretrovirals may
modify the metabolism of cytotoxic drugs via inhibi-
tion of the CYP3A4 enzyme, and indeed pharmacoki-
netic studies have demonstrated a modest delay in the
clearance of cyclophosphamide in patients receiving
indinavir, compared to historical controls, although
no increase in hematologic toxicity was observed.58

We have recently compared CDE-chemotherapy-
induced toxicity among patients receiving concomi-
tant PI or PI-sparing HAART regimens (chiefly non-
nucleoside reverse transcriptase inhibitor [NNRTI]
based). The concomitant administration of PIs was asso-
ciated with a significantly higher rate of grade III–IV
infections and grade III–IV neutropenia, although there
was no difference in survival between the groups.70

OUTCOMES IN THE ERA OF HAART
The CR rates for regimens using the combination of
chemotherapy and HAART are 48–92% and the pub-
lished 2-year overall survivals are 48–60%.46,47,53,58,71

These response rates and survival duration statistics
are starting to approach those seen in the general pop-
ulation with advanced-stage high-grade lymphoma.
Indeed, while the prognostic factors for survival in the
pre-HAART era were predominantly immunologic
(prior AIDS-defining illness and CD4 cell count),34,72 a
more recent analysis of prognostic factors in AIDS-
related lymphoma closely resembles that for the
general population, with the International Prognostic
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Table 61.5 Table of phase II infusional chemotherapy studies

Patients Median CD4 Complete Median survival
Regimen treated count (per mm3) remission (%) (months) HAART References

CDE 62 70 53 18 12/62 (19%) 59–61

CDE (ECOG) 48 78 46 8 None 62

EPOCH 39 198 74 NYA Interrupted 63 



Index being an equally valuable guide in both circum-
stances.73,74

FUTURE DEVELOPMENTS FOR 
AIDS-RELATED LYMPHOMAS
The improvements in the treatment of HIV infection
have led to a more aggressive management strategy for
AIDS-related lymphomas, and this has resulted in bet-
ter outcomes. Further refinements mirror those seen in
immunocompetent patients with high-grade lym-
phoma, including the addition of anti-CD20 antibod-
ies to first-line therapy and the use of high-dose
chemotherapy with autologous stem cell transplanta-
tion at first relapse. 

As almost all AIDS-related NHL express CD20, sev-
eral groups have explored the role of rituximab,
humanized monoclonal antibody to CD20, either
alone or as an adjunct to chemotherapy in the man-
agement of AIDS-related NHL.55,75 CD20 antigen is a
hydrophobic transmembrane protein that is located
on pre-B and mature B lymphocytes. It is also
expressed in greater than 90% B-cell NHLs including
systemic AIDS-related NHLs, but it is not expressed on
hematopoietic stem cells, pro-B cells, normal plasma
cells, or other normal tissues. Rituximab efficiently
lyses AIDS-related NHL cells in vitro via complement-
dependent cytotoxicity and antibody-dependent cel-
lular cytotoxicity.76 Early trials are encouraging,77

although profound and prolonged B-cell lymphopenia
has been observed following rituximab.78 Indeed, rit-
uximab has been administered with CDE in a phase II
pilot trial with concomitant HAART, and the 2-year
overall survival was 80%55 and achieved a complete
response rate of 80% when used in combination with
CHOP.56 However, in a randomized phase III study of
CHOP with or without rituximab that enrolled 142
patients, preliminary results have been disappointing
with no difference in response rate or duration
between the trial arms. Moreover, there was a higher
incidence of neutropenic sepsis and death among
those receiving rituximab.79 Patients have also under-
gone successful autologous stem cell transplantation
for AIDS-related lymphomas despite predictions that
adequate harvesting would prove difficult due to
myelodysplasia.80–85

PRIMARY CEREBRAL LYMPHOMA

Primary CNS lymphoma (PCL) is defined as an NHL
that is confined to the craniospinal axis without sys-
temic involvement. This diagnosis is rare in immuno-
competent patients but occurs more frequently in
patients with both congenital and acquired immunod-
eficiency. AIDS-related PCL occurs equally frequently
across all ages and transmission risk groups, and the
tumors are high-grade B-cell diffuse large cell or
immunoblastic NHLs. The presence of Epstein–Barr

virus (EBV) is a universal feature of HIV-associated PCL
but EBV is not found in other PCLs.86,87 EBV may be
detected by immunocytochemical staining of biopsy
tissue or by polymerase chain reaction (PCR) amplifi-
cation of CSF using EBV-specific oligonucleotide
primers.

EPIDEMIOLOGY OF HIV-ASSOCIATED PRIMARY
CEREBRAL LYMPHOMA
Registry linkage studies confirmed a markedly
increased relative risk of PCL among patients with
AIDS, with an incidence as high as 2–6% in one early
report.88 This high incidence of PCL was confirmed by
both cohort and linkage studies. Patients who develop
PCL generally have advanced immunosuppression
and for the most part have had a prior AIDS-defining
illness. Shortly after the introduction of HAART, a
decline in the incidence of PCL was recognized by
many clinicians, and a meta-analysis of cohort studies
that compare the pre- and post-HAART eras confirmed
a significant decline (relative risk 0.42: 99% confi-
dence interval 0.24–0.75).17 Indeed this fall is more
dramatic than that seen for systemic AIDS-related
lymphomas and PCL is associated with more severe
immunosuppression than systemic AIDS-related 
lymphoma.

CLINICAL PRESENTATION AND 
DIFFERENTIAL DIAGNOSIS
The commonest causes of cerebral mass lesions in
HIV-seropositive patients are toxoplasmosis and pri-
mary cerebral lymphoma and the differential diagno-
sis often proves difficult. Both diagnoses occur in
patients with advanced immunodeficiency (CD4 cell
counts �50 � 106/L) and present with headaches and
focal neurologic deficits. Clinical features that favor
PCL include a more gradual onset over 2–8 weeks and
the absence of a fever. CT and MRI scanning usually
reveal solitary or multiple ring enhancing lesions with
prominent mass effect and edema. Again, these fea-
tures occur in both diagnoses, although PCL lesions
are usually periventricular while toxoplasmosis more
often affects the basal ganglia. Thus, the combination
of clinical findings and standard radiologic investiga-
tions rarely provide a definitive diagnosis. Moreover,
toxoplasma serology (IgG) is falsely negative in
10–15% of patients with cerebral toxoplasmosis. More
than 85% patients with cerebral toxoplasmosis will
respond clinically and radiologically to 2 weeks of
anti-toxoplasma therapy, and this has become the
cornerstone of the diagnostic algorithm for cerebral
masses in severely immunodeficient patients. 

In these patients, it has been a standard practice to
commence empirical anti-toxoplasmosis treatment for
2 weeks duration, and resort to a brain biopsy if there
is no clinical or radiologic improvement. This strategy
avoids the routine use of brain biopsy in these patients
who frequently have a very poor performance status

Part III ■ LYMPHOMA636



and prognosis. Although this algorithm avoids early
surgical intervention, it is relatively ineffective in diag-
nosing PCL early, and may compromise the outcome
of therapy in these patients. In addition, there is a dis-
inclination to treat patients with radiotherapy or
chemotherapy empirically based exclusively on the
failure of anti-toxoplasmosis treatment without a
definitive histologic diagnosis.

The discovery that all HIV-associated PCLs are asso-
ciated with EBV infection has led to the development
of a PCR method that can detect EBV DNA in the CSF.
This has become established as a diagnostic test with a
high sensitivity (83–100%) and specificity (�90%).89–91

In addition, radionuclide imaging by 201thallium sin-
gle photon emission computed tomography (201Th-
SPECT) or 18F-fluorodeoxyglucose positron emission
tomography (FDG-PET) is able to differentiate between
PCL and cerebral toxoplasmosis. PCLs are thallium
avid and demonstrate increased uptake on PET scan-
ning; however, although both techniques have high
specificity for PCL, neither are highly sensitive and
thus cannot be used alone but, in combination with
PCR, are emerging as a diagnostic alternative to brain
biopsy. The application of PCR and 201Th-SPECT in the
diagnosis of contrast-enhancing brain lesions in 27
patients was shown to result in a positive and a nega-
tive predictive value of 100% and 88%, respectively,
which supports their combined value as an alternative
to brain biopsy.91 Further studies are now required to
compare effectiveness of PCR with 201Th-SPECT or
FDG-PET.

TREATMENT OF HIV-ASSOCIATED PRIMARY 
CEREBRAL LYMPHOMA
The standard treatment modality is whole brain irradi-
ation, but the median survival time is just 2.5 months
or less. Although patients who were treated with radio-
therapy or chemotherapy lived longer than those who
received best supportive care only, no randomized
studies have been conducted and it remains uncertain
whether therapy improves survival.92 There is an
increasing enthusiasm for the treatment of PCL in
immunocompetent patients with both radiotherapy
and chemotherapy, and recent results have been
encouraging. The use of chemotherapy for PCL is lim-
ited by the poor penetration of cytotoxics into brain
parenchyma due to the blood–brain barrier and the
toxicity, especially myelosuppression, of these agents
in patients with advanced immunosuppression and
poor performance status. Combination chemotherapy
prolongs survival in immunocompetent patients with
PCL but at the cost of severe myelotoxicity. Single-
agent chemotherapy with intravenous high-dose
methotrexate and folinic acid rescue was studied in
AIDS patients with PCL in the context of a prospective
uncontrolled study that included 15 patients. The
results showed a complete response in 47% of patients,
a median survival of 19 months, a low relapse rate of

approximately 14%, and no evidence of neurologic
impairment nor treatment-limiting myelotoxicity.93 A
controlled trial of intravenous methotrexate versus
whole brain irradiation is needed to confirm these
encouraging results. Now that antiretroviral therapies
are improving survival, it may be necessary to reassess
currently available diagnostic and treatment modali-
ties aiming to cure HIV-associated PCL.

HIV-ASSOCIATED HODGKIN’S LYMPHOMA

As with other AIDS-related malignancies, oncogenic
viruses are thought to play a central role in the patho-
genesis of HD. Single-cell PCR amplification methods
can identify EBV in the Reed–Sternberg cells in approx-
imately 10–70% HD, and in patients with HIV-associ-
ated HD, EBV is found in the Reed–Sternberg cells in
nearly all cases.94 There are also differences in the
histopathology of HD between the immunocompetent
population and the people with HIV. Two histopatho-
logical subtypes occur at a higher frequency in people
with HIV: these are mixed cellularity (approximately
40%) and lymphocyte depleted (approximately
20%).95,96 In the HIV-negative population, these sub-
types occur at 24% and 3–6%, respectively, and are
associated with a worse prognosis compared to the
more common nodular sclerosing and lymphocyte-
predominant subtypes. Mixed cellularity subtype is
more common in developing countries and in the
elderly,96,97 and immune dysfunction and epidemiol-
gic differences of EBV are thought to be responsible for
this; however, their prognosis is still better than the
HIV-seropositive population. 

EPIDEMIOLOGY OF HIV-ASSOCIATED 
HODGKIN’S LYMPHOMA
Although HD occurs quite frequently in patients with
HIV, both illnesses affect similar age groups, and there
was debate as to whether the incidence is increased in
people with HIV. Cohort studies from San Francisco98

and New York99 early in the HIV epidemic failed to
identify an increased risk, and to this day HD is not an
AIDS-defining diagnosis. However, subsequent sub-
group analysis of the New York data suggested that
there was an increased incidence of HD among intra-
venous drug users (IVDU) with HIV. Moreover, the
Italian Cooperative group for AIDS-related tumors
described 35 patients with HIV and HD and almost all
of these patients were IVDU.100

More recent cohort studies, including the San
Francisco City Clinic cohort101 and multicenter AIDS
cohort study (MACS),102 report a relative risk of 19
compared to the age-adjusted general population. The
most comprehensive data to date come from large
linkage studies across the United States and Puerto
Rico, which gave a relative risk of 7.6.103 This figure has
been repeated in other large linkage studies and is
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significantly lower than that for NHL in patients with
HIV. The difference between the early small cohorts
and these later large cohorts is probably due to the
small number of HD cases seen rather than due to a
real change in incidence over time. Since the introduc-
tion of HAART, the incidence of some AIDS-related
malignancies such as KS and primary cerebral lym-
phoma has fallen while of others such as systemic NHL
appears to be unchanged. There are as yet no reports
that describe the effect of HAART usage on the inci-
dence of HD. 

CLINICAL PRESENTATION OF HIV-ASSOCIATED
HODGKIN’S LYMPHOMA
HIV-seropositive patients with HD generally present
with more advanced-stage disease than do seronega-
tive patients. In the seven reported series, 70–85% of
seropositive patients present with Ann Arbor stage III
or IV, while less than half of the immunocompetent
patients with HD will have stage III/IV disease at pre-
sentation.95,96,104–108 Moreover, B symptoms occur in
70–100% of HIV-seropositive patients with HD,
although it may be impossible to distinguish the rela-
tive contributions of HIV and HD to these symptoms.
Extranodal HD also occurs more commonly (up to
70%) than in the HIV-negative population.  The bone
marrow is the most commonly involved extranodal
site affecting 50% of patients; other extranodal sites
include skin, liver, and occasionally the CNS.
Furthermore, there is a lower incidence of mediastinal
involvement in the HIV-seropositive population (13%)
compared to the general population with HD (70%).95

The mixed cellularity histologic subtype, which is
more common in HIV-positive patients, does not
affect the mediastinum as commonly as the other
types; nevertheless, the histologic differences do not
account for all the difference observed in mediastinal
disease.

The median CD4 cell count at diagnosis of HD is
between 128 and 306/	L in the published series all of
which pre-date the HAART era. This is higher than the
median CD4 cell count reported in the pre-HAART era
for high-grade NHL. At presentation of HD, 50–90% of
patients had been previously diagnosed with HIV,
while 4–46% (median 11%) had a prior AIDS-defining
diagnosis. Thus HD tends to present at an earlier stage
of immunosuppression than NHL, and it is intriguing
that HD is not a feature of iatrogenic immunosuppres-
sion in allograft transplant recipients, although post-
transplant NHL is a well-recognized entity. 

TREATMENT OF HIV-ASSOCIATED 
HODGKIN’S LYMPHOMA
Since most patients will present with relatively pre-
served immune function and no prior AIDS-defining
illness, clinicians have generally adopted a similar
approach to the first-line therapy in HIV-seropositive
patients as for the general population. Most patients

have advanced disease at presentation and are there-
fore candidates for combination chemotherapy. In the
general population, HD is associated with a complex
immunologic deficit. At the time of HD diagnosis, the
CD4 cell count and function is often normal but
becomes depressed during the progression of the dis-
ease, resulting in an increased incidence of oppor-
tunistic infections compared to other malignancies. It
is hardly surprising that when the immunosuppres-
sive effect of HIV is added to this, opportunistic infec-
tions become a major source of morbidity during
chemotherapy.

The published series of HD in patients with HIV
include a total of 359 patients. In all the series, there is
a similar predominance of advanced-stage disease and
mixed cellularity histology. The chemotherapy sched-
ules that have been used, although not consistent in
any series, have been mainly MOPP (mustine, vin-
cristine, procarbazine, and prednisolone), ABVD (dox-
orubicin, bleomycin, vinblastine, and dacarbazine), or
an alternating hybrid of the two (MOPP/ABVD). In
these unrandomized, uncontrolled series, no regimen
has been shown to produce higher response rates or
longer response durations or survival. The CR rates
ranged between 44% and 79% with a median of 58%,
while the median survival was 11 months with a range
between 10 and 18 months. The largest study con-
sisted of 114 patients,105 the median age was 29 years,
79% were IVDU, and the median CD4 count was
275/	L. The combination of MOPP and ABVD showed
some benefit over MOPP alone (CR rate 68% vs 38%);
however, this has not been reported in other series.
These response rates and overall survivals are consider-
ably worse than the results published for HD in the
general population, where response rates exceed 80%
and the median survival exceeds 10 years. 

A major portion of poor survival in HIV-seropositive
patients with HD is due to infectious complications. In
the published series, 45–75% of patients developed
opportunistic infections during chemotherapy. In one
study, 71% of patients became neutropenic during
treatment.109 Concurrent G-CSF has been used in two
studies, but this has no demonstrated benefit on toxic-
ity or mortality.96,108 After 1 year, 55% of patients had
developed an AIDS-defining diagnosis (usually an
opportunistic infection), and 3 years after HD had
been diagnosed 71% of patients had AIDS compared to
only 24% of a matched seropositive population.95 It
has been proposed that chemotherapy may be respon-
sible for the progression of immunosuppression; how-
ever, this may be a less important factor following the
introduction of HAART. Indeed the incidence of
opportunistic infection during chemotherapy for HD
was only 13% among patients concomitantly receiv-
ing zidovudine monotherapy. It remains to be seen
whether HAART will further reduce the infectious
complications and progressive immunosuppression
during and following chemotherapy for HD. 
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The prognostic factors for overall survival in
patients with HIV and HD identified in the pre-
HAART era relate chiefly to immunosuppression
rather than HD. Poor prognostic factors at presen-
tation included a low CD4 count (0% 18-month
survival if less than 300/µL), prior AIDS-defining
diagnosis, anemia, and a poor performance status.95

These variables are similar to those for NHL in the
same era; however, more recent data for NHL from the
late 1990s have shown that the prognostic factors for
HIV-associated NHL closely resemble those for NHL in
the general population. It remains uncertain whether
HAART will reduce the incidence or improve the out-
come of HIV-associated HD. Certainly in the HAART era
there is greater enthusiasm for an aggressive approach
including progenitor stem cell transplantation for
these patients. 

HIV-ASSOCIATED MULTICENTRIC
CASTLEMAN’S DISEASE

Benjamin Castleman first described multicentric
Castleman’s disease (MCD) as a case record of the
Massachusetts General Hospital, familiar to all the
readers of the New England Journal of Medicine, in
1954.110 Interest in MCD has grown in recent years
with the AIDS epidemic, since there has been an
increased incidence of MCD in HIV-positive patients.
This followed the recognition of an association
between MCD and AIDS-associated KS, again follow-
ing initial publication of case reports.4,5 Castleman’s
disease is divided into localized disease and MCD
which is characterized by polylymphadenopathy and
multiorgan involvement. The localized form is treated
with surgery but the management of MCD is less clear
and has a more aggressive course. Histologically, it is
divided into the hyalinized vascular form and plasma
variant, the former being more common in localized
disease and the latter more common in MCD. MCD is
associated with Kaposi’s sarcoma herpesvirus (KSHV)
infection, which is also known as human herpesvirus
8 (HHV-8). The virus encodes a homolog of inter-
leukin 6 (IL-6), a proinflammatory cytokine, which is
thought to mediate some of the clinical features of
MCD. The diagnosis is established by biopsy and
treatment is often based on case reports in the litera-
ture, as there are no randomized trials. Surgery has
less of a role but splenectomy may be useful as a
debulking procedure to alleviate hematologic seque-
lae. Systemic treatments have included chemotherapy
as well as anti-herpesvirus treatment to reduce the
KSHV viral load, and HAART to reduce HIV viral bur-
den. Lately, treatment with monoclonal antibodies
against both IL-6 and CD20 has been studied. The
introduction of HAART has altered the natural history
of HIV infection; however, its impact on MCD is diffi-
cult to ascertain.

The plasma cell variant of MCD occurs most fre-
quently in people with HIV infection. The histologic
appearances are of an intense plasmacytosis in the
interfollicular areas of the nodes, with a prominent
increase in capillaries and postcapillary venules, which
may be hyalinized. The concentrically arranged man-
tle zone may produce a characteristic ‘onion peel’
appearance. KSHV has been demonstrated in nearly all
MCD samples from HIV-positive patients and in half
MCD patients without HIV infection.111 KSHV is also
present in the malignant cells of plasmablastic lym-
phomas that occur more frequently in patients with
MCD.112,113

CLINICAL FEATURES OF HIV-ASSOCIATED
CASTLEMAN’S DISEASE
In general, MCD presents in the fourth or fifth decade
of life but occurs earlier in people who are HIV posi-
tive. Patients often present with generalized malaise,
night sweats, rigors, fever, anorexia, and weight loss.
On examination, they have multiple lymphadenopa-
thy, hepatosplenomegaly, ascites, edema, and effu-
sions both pulmonary and pericardial. Laboratory
investigations may reveal thrombocytopenia, anemia,
hypoalbuminemia, and hypergammaglobulinemia.
The systemic symptoms are attributed to IL-6 and can
be severe enough to cause pancytopenia, organ failure,
particularly respiratory and renal, as well as shock,
requiring admission into intensive care units. HIV-
infected patients with MCD have a greater preponder-
ance for pulmonary complications. MCD is more
likely to lead to neuropathic complications than does
locally confined Castleman’s disease. Patients can
develop polyneuropathies, leptomeningeal and CNS
infiltration, as well as myasthenia gravis.114 The
polyneuropathy is a chronic inflammatory demyeli-
nating neuropathy and may be present as part of the
rare POEMS syndrome (Crow–Fukase disease). POEMS
syndrome consists of polyneuropathy, organomegaly,
endocrinopathy, monoclonal gammopathy, and skin
changes. Patients are diagnosed with POEMS syn-
drome if they have two of these clinical features as well
as plasma cell dyscrasia. Not only is MCD itself poten-
tially fatal due to organ failure, but it is also associated
with a 15-fold increased incidence of NHL. The major-
ity of these lymphomas are plasmablastic and are
thought to arise from expansion of plasmablastic
microlymphomas seen in MCD lesions.112,113

TREATMENT OF HIV-ASSOCIATED 
CASTLEMAN’S DISEASE
There are no definitive gold standard treatments for
MCD. No randomized trials have been conducted on
account of the infrequency of the diagnosis, and
often only case reports have appeared in the litera-
ture. Although surgery is the mainstay of treatment
for localized Castleman’s disease, with complete
removal of the mediastinal lesions being curative, it
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has a limited role in MCD. Splenectomy, in addition to
establishing the histologic diagnosis, may have a ther-
apeutic benefit as a debulking procedure, as some of
the hematologic sequelae such as thrombocytopenia
and anemia may in part be due to splenomegaly.
Following splenectomy, there is often resolution of the
constitutive symptoms but this may be short lived,
and some form of maintenance therapy is needed to
prevent relapse.115

For immunocompetent patients, the chemother-
apy regimens for MCD are based on lymphoma sched-
ules such as CHOP. However, in the pre-HAART era,
these schedules were associated with marked toxicity
in HIV-positive patients, and as a consequence, other
schedules were developed. In the largest published
study from Paris of 20 patients, there was a partial
response in 9/9 patients with single agent vinblastine;
however, only 4 patients remained stable with main-
tenance therapy (4–6 mg/2 weeks). Four patients
received upfront ABV (adriamycin, bleomycin, and
vincristine), three achieving a partial remission.
Intermittent treatment with cyclophosphamide

achieved a partial response in a further three
patients.115 Although there is little evidence on which
to base treatment strategies, in many centers combi-
nation chemotherapy is used initially to induce remis-
sion in aggressive forms of MCD. This may be fol-
lowed by gentler, single-agent chemotherapy
regimens, such as vinblastine or etoposide, to main-
tain the response.

Studies have now been undertaken to see if the
addition of HAART in the treatment of MCD has any
effect on morbidity and mortality. The effect of HAART
has been described in seven patients with MCD and
HIV infection.116 Six patients responded to chemother-
apy, and immune reconstitution was described in five
patients. However, patients continued to require long-
term chemotherapy to prevent further episodes of
MCD. The mean survival was 48 months, which was
longer than that described in the pre-HAART era
patients when most patients succumbed to oppor-
tunistic infections related to  HIV. In addition, there
were no cases of plasmablastic lymphoma as a compli-
cation of MCD.
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DISORDERS
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INTRODUCTION

The term posttransplant lymphoproliferative disorder
(PTLD) is used to describe a heterogeneous group of
lymphoproliferative diseases that occur in hematopoi-
etic stem cell transplant (HSCT) and solid organ trans-
plant (SOT) recipients. These lymphoid disorders were
first documented in the 1960s and were initially called
“reticulum cell sarcomas.”1 Interestingly, a subgroup
of these diseases was labeled “pseudolymphomas” as
these retained the ability to undergo spontaneous
regression.2 We now have a greater understanding of
PTLD, a disease that most often involves B cells and
usually is associated with reactivation of latent
Epstein–Barr virus (EBV) infections in the setting of
decreased T-cell function. The incidence of this disor-
der is generally reported to range from 0.8 to 20%, but
is felt to be underreported due to its varied clinical pre-
sentation.3,4 These lymphomas are seen in different
settings, and, some situations are much more likely to
predispose to their occurrence than others. It is imper-
ative that transplant physicians remain cognizant of
this entity, as effective therapies are now available that
can lower the mortality rate from the 50–80% range
seen in the early 1990s5–8 to cure rates approaching
100% if patients are diagnosed when the tumor bur-
den is low.9–10

PATHOPHYSIOLOGY

EBV, also known as human herpesvirus 4 (HHV4), is
the prototype of the gamma subfamily of potentially
oncogenic herpesviruses.11 EBV was discovered over 35
years ago by electron microscopy of cells cultured from
Burkitt’s lymphoma tissue by Epstein, Achong, and
Barr12; it is ubiquitous and is known to infect over 90%
of people and to persist in the body for life.13

Primary EBV infections  occurring in early child-
hood are often asymptomatic. In contrast, primary

infections occurring in adolescence and young adult-
hood often lead to the self-limiting lymphoprolifera-
tive disease called infectious mononucleosis (IM),
characterized by the triad of fever, lymphadenopathy,
and pharyngitis. 

EBV, which usually infects humans by entering the
oropharynx in saliva, replicates in epithelial cells by
coupling of the viral gp 350 glycoprotein with the
CD21 receptor on B cells. This leads to host cell infec-
tion and subsequent infiltration of oropharyngeal tis-
sue. EBV-infected B cells express a pattern of EBV
latent genes known as “latency III” genes. Hence, these
cells express multiple viral proteins including the six
nuclear proteins known as EBV nuclear antigens
(EBNAs) 1, 2, 3a, 3b, 3c, and LP; integral membrane
proteins known as latent membrane proteins (LMP) 1,
2a, and 2b; and two untranslated RNAs known as
EBERs 1 and 2 (EBV-encoded small RNAs). EBNA1
binds to viral DNA and is responsible for the mainte-
nance of EBV episomes in replicating B cells.14 EBNA2
up-regulate cellular proteins that contribute to the
growth and transformation of B cells. LMP1 also func-
tions as a constitutively activated member of the
tumor necrosis factor receptor superfamily that acti-
vates a number of signaling pathways in a ligand-inde-
pendent manner. LMP1 can substitute for CD40 in
vivo and leads to the activation of the transcription
factor NF-�B (nuclear factor kappa B), which in turn
results in cytokine production and B-cell proliferation.
Finally, LMP2a alters B-cell receptor (BCR) signaling by
mimicking the rescue signal normally delivered by this
receptor, thereby enabling nontransformed B cells to
survive without appropriate BCR signaling. 

Normally, B cells transformed by EBV or containing
replicating virus are highly immunogenic and induce
an intense cytotoxic T lymphocyte (CTL) and natural
killer cell response. These activated T cells, appearing
in the peripheral blood as atypical lymphocytes,
help control the proliferation of infected B cells.
Fortunately, most EBV-infected B cells are eliminated,
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but some are able to persist because they down-
regulate immunogenic EBV proteins, thus allowing the
cells to avoid immune recognition. Eventually, the
EBV genome forms an episome that remains latent in
resting memory B cells. These EBV-infected cells now
express only the “latency 0” gene pattern, which con-
sists of LMP2a, the EBERs, and possibly EBNA1.13,15

Hence, in the immunocompetent host, an equilibrium
is established in which rare EBV-infected cells lacking
expression of immunogenic proteins coexist with EBV-
specific CTLs. EBV undergoes lytic replication in
numerous B cells in the oropharynx of healthy carri-
ers. When people become immunosuppressed after
HSCT or SOT, critical T-cell control of B-cell growth is
no longer present, leading to unchecked proliferation
of EBV-infected cells, which may in turn result in B-cell
hyperplasia or frank malignancy.15

The origin of EBV-infected cells in PTLD varies
depending on the transplant population being stud-
ied. In SOT patients, the PTLD cells are usually of
recipient origin. However, most PTLD cells in the
HSCT setting are donor derived. It should be noted
that primary EBV infection may also result in PTLD;
this is usually seen in children.

INCIDENCE AND RISK FACTORS

The incidence of PTLD varies depending on the type of
transplant, recipient age, and type of immunosuppres-
sion used (Tables 62.1 and 62.2). The incidence of
PTLD is 4 times higher in pediatric than in adult trans-
plant recipients.16 In SOT recipients, the incidence of
PTLD varies with the type of allograft: 19% of intesti-
nal transplants, 2–10% of heart transplants, 5–9% of
heart–lung transplants, 2–8% of liver transplants, and
1–10% of renal transplants.16 Additional risk factors
for PTLD in SOT patients include high levels of
immunosuppression (particularly with antithymocyte
globulin), EBV seronegative recipient of a seropositive
donor, development of primary EBV infection after
transplant, and presence of cytomegalovirus (CMV)
disease. For example, PTLDs are the most common
tumors in children after organ transplant and repre-
sent over 50% of all posttransplant tumors; this is in
contrast to adults where such tumors comprise only

15% of posttransplant malignancies.17 In addition,
children undergoing small intestine transplants may
have an EBV-PTLD incidence as high as 32%.18

For patients undergoing HSCT, several risk factors
have been identified to predict for the risk of PTLD in
different settings. Curtis et al. evaluated over 18,000
patients who underwent allogeneic HSCT at 235 cen-
ters worldwide. The cumulative incidence of PTLD was
1% at 10 years. The incidence was found to vary
markedly with time after transplant, with high rates
occurring during the first 5 months, followed by a steep
decline in incidence between 6 and 12 months post-
transplant.19 The high incidence of PTLD during the
first 5 months after transplant is consistent with studies
that show the temporal pattern of immune reconstitu-
tion in HSCT recipients. For example, Lucas et al.
noted that levels of anti-EBV CTL precursors appear to
return to normal by 6 months posttransplant in most
patients.20 In their multivariate analysis, Curtis et al.
found that the risk of early (�1 year posttransplant)
PTLD was strongly associated with unrelated or �2
human leukocyte antigen (HLA)-mismatched related
donors, T-cell depletion methods that selectively target
T cells or T � NK cells or E-rosetting, use of antithymo-
cyte globulin for prophylaxis or treatment of acute
graft-versus-host disease (GVHD), and use of the anti-
CD3 monoclonal antibody 64.1 (given for therapy of
acute GVHD). The cumulative incidence of PTLD for
patients with 0, 1, 2, or 3–4 major risk factors were 0.5,
1.7, 8, and 22.3%, respectively. They also noted a
weaker association with the occurrence of acute GVHD
grades II–IV and with conditioning regimens that
included total body irradiation (TBI). The risk appeared
to vary by dose of fractionated TBI, with a 3.5- to
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Table 62.1 Risk factors for PTLD 

Solid organ transplant Hematopoietic SCT

Allograft type (e.g., intestinal) Type of transplant

High levels of immunosuppression (e.g., High levels of immunosuppression (e.g., Antithymocyte
Antithymocyte globulin) globulin)

EBV seronegative recipient of seropositive donor Donor type: unrelated of �2 HLA-mismatched related donor

Presence of CMV disease T-cell depletion

EBV, Epstein–Barr virus; HLA, human leukocyte antigen; CMV,

Table 62.2 Relative risk of PTLD in HSCT by method
of T-cell depletion19

Method of T-cell depletion (TCD) Relative risk

No TCD 1
CAMPATH-1 monoclonal antibody 2
Elutriation/density gradient 2.6
centrifugation
Lectins 4.1
Anti-T-cell monoclonal antibody 12.3
Sheep red blood cell rosetting 15.6



4.3-fold increased risk seen for doses �13 Gy. The only
risk factors identified for late-onset (�1-year posttrans-
plant) PTLD were extensive chronic GVHD and TBI
dose.19 There is a suggestion that conditioning regi-
mens containing fludarabine also may be associated
with an increased risk of PTLD.21

Significant differences were detected among T-cell
depletion techniques used. As noted above, a high risk of
PTLD was observed among recipients of grafts that were
T-cell depleted using monoclonal antibodies or sheep
red blood cell E-rosetting techniques that selectively tar-
geted T (or T � NK) cells. However, lower rates of PTLD
were associated with methods that removed both T and
B cells, such as CAMPATH-1 monoclonal antibodies, elu-
triation, and lectins.19 This was also confirmed in a study
by Hale and Waldmann  in which 2401 recipients
received grafts that were T-cell-depleted with CAMPATH-
1M or 1G; the cumulative risk of PTLD was only 1.1%.
They hypothesized that the depletion of B cells may
reduce the viral load or virus target tissue in the interval
before full recovery of T-cell function.22 Patients receiv-
ing CD34 selected allografts do not appear to be at an
increase risk of PTLD as the B-lymphocyte contamina-
tion of the isolated CD34� cells is low.23

Rare cases of PTLD have been reported in recipients
of autologous HSCTs.15,24 Powell et al.25 reported an
unexpectedly high incidence of EBV-PTLD in patients
undergoing CD34� selected autologous peripheral
blood stem cell transplant for neuroblastoma: 5 of 156
patients (3.5%). This is in contrast to a report by Gross
et al. who reported no cases of EBV-PTLD in their
review of 853 autologous stem cell transplants.4

Finally, EBV-negative PTLDs appear to be morpho-
logically and clinically distinct from EBV-positive
PTLDs in that they tend to have a later onset, a higher
prevalence of monomorphic lymphomas, and a
greater proportion derived from T cells.19,26–28

Although EBV-negative PTLDs have distinct features
and are felt to be associated with a poor prognosis,
some do respond to decreased immunosuppression,
similar to EBV-positive cases.27,28

CLINICAL FEATURES

The presentation of PTLDs may range from an asymp-
tomatic state to a rapidly progressive, fulminate course
with a fatal outcome.8 Hence, it is important to main-
tain vigilance in high-risk patients. Symptoms are var-
ied and may be related to the EBV viral infection, B
symptoms from overt lymphoma, organ dysfunction,
and/or mass effect. Early symptoms may be nonspecific
and may include malaise, fever, and weight loss. In
children with primary EBV posttransplant, IM is the
most common presentation: fever, tonsillar and ade-
noid hypertrophy, cervical lymphadenopathy, and
hepatomegal with abnormal liver enzymes. Patients
with central nervous system (CNS) involvement may

present with seizures. Gastrointestinal (GI) involve-
ment may manifest with abdominal pain, diarrhea, GI
bleeding or perforation. It is important to remember
that dysfunction in the organ transplanted may be an
indication of involvement by PTLD. Reams et al.
reported that 70% of their lung and heart–lung recipi-
ents who developed PTLD presented with thoracic
organ involvement.29 Hence, any transplant patient
who experiences adenopathy, mass lesions, unex-
plained fever or pain, weight loss, or dysfunction of the
transplanted organ should be investigated for PTLD. 

EVALUATION

Serologic testing has traditionally been used to investi-
gate EBV-related disorders. However, such testing may
be unreliable in the transplant population as a result of
altered antibody production by host immunosuppres-
sion and passive transfer of antibody from blood prod-
ucts given in the peritransplant period. One of the
most useful techniques to evaluate for EBV-PTLD is
polymerase chain reaction (PCR) testing of peripheral
blood, which may detect disease before the onset of
clinical symptoms.30 High EBV viral loads in high-risk
patients often predict for the development of EBV-
PTLD. Aalto et al. evaluated serum samples from 12
HSCT recipients who had died from PTLD using quan-
titative PCR (qPCR) for EBV-DNA.31 They found that all
of the PTLD patients became EBV-DNA positive with
progressively rising copy numbers, and that EBV-DNA
was first detectable 23 days before death, which was
earlier than the onset of symptoms (which occurred 15
days before death). In their patient population, they
noted that qPCR for EBV-DNA in serum was highly sen-
sitive (100%) and specific (96%). However, Wagner et al.
found that the detection of two or more levels of EBV-
DNA above 4000 copies/mcg had a sensitivity of 100%
for the prediction of early PTLD but a specificity of only
50%.32 Carpentier et al. evaluated the utility of EBV
early-antigen (EA) serologic testing in conjunction
with peripheral blood EBV-DNA viral load testing as a
marker for risk of PTLD. They found that at the EBV-
DNA threshold at which PTLD occurs, the positive pre-
dictive value based on the absence of high-titer EA anti-
body was increased to 75%; that is, patients with high
EBV-DNA load but without significant EA antibody
titers had a 75% risk of developing PTLD.33 Such test-
ing would not be useful in patients with EBV-negative
PTLD or those EBV-positive patients who do not shed
large amounts of EBV into the peripheral blood.34

Detailed radiologic investigations including CT
scans of the chest, abdomen, and pelvis are necessary
to evaluate the extent of disease. Patients with GI com-
plaints may require endoscopy with biopsy.
Thoracentesis may be necessary to evaluate pleural
effusions, and paracentesis to evaluate ascites. Patients
with CNS signs or symptoms or abnormal head CT
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scans or MRI scans may warrant a lumbar puncture
with CSF evaluation. Castellano-Sanchez et al.
reported the features of 12 patients with primary CNS
PTLD; by neuroimaging, most patients showed multi-
ple (3–9) intra-axial, contrast-enhancing lesions. CNS
PTLDs were noted to be uniformly high-grade lym-
phomas and were associated with extremely short sur-
vival periods.35

Tissue biopsy confirms the diagnosis of PTLD.
Excisional biopsy provides adequate tissue for evalua-
tion of cell type, clonality, virologic studies, and
architectural background (Figures 62.1 to 62.8).
Cytology alone has a limited role in the diagnosis of
PTLD as it does not permit subclassification. Immuno-
phenotyping by flow cytometry or immunohisto-
chemistry should be performed to determine the cell
type (B vs T) and cell marker status, which may direct
therapy (e.g., CD20 expression). While the majority
of these are B-cell tumors and are associated with EBV,
approximately 9% of all PTLD and as many as 27% of
EBV-negative tumors may be of T-cell origin.26–28

PTLD can be confused with organ transplant rejec-

tion unless the cells are identified as B cells by B-cell
markers such as CD19, CD20, CD21, or CD22. Also,
PTLD may coexist with acute rejection. When the
allograft itself is affected, histologic features such as
plasmacytoid infiltrates, immunoblastic cells, nodu-
lar infiltrates, and serpiginous necrosis, especially in
the absence of neutrophils, is suggestive of PTLD.
Tumor clonality may be determined by evaluating for
immunoglobulin or T-cell receptor gene rearrange-
ments. Evaluation for viral markers should also be
performed with in situ hybridization for Epstein–Barr
early RNA (EBER) or immunostaining for EBV LMP.3,16

A formal classification system of PTLD was estab-
lished by two international consensus groups (ASTS/
ASTP EBV-PTLD Task Force and the Mayo Clinic orga-
nized International Consensus Development Meeting
on EBV-Induced PTLD) and published in 1999.3 They
suggested that the term PTLD should be used to encom-
pass the large spectrum of EBV lymphoproliferative
processes seen after organ or stem cell transplantation.
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Figure 62.1 PTLD: reactive plasmacytic hyperplasia-type
polyclonal

Figure 62.2 PTLD: polymorphic polyclonal type

Figure 62.3 PTLD: polymorphic monoclonal

Figure 62.4 PTLD: monomorphic



In addition, they recommended that posttransplant
IM and plasma cell hyperplasia continue to be
included under the heading of PTLD, but that they be
clearly segregated as reactive hyperplasias. They also
recommended that the term PTLD, when not further
qualified, be used to refer to neoplastic forms of PTLD
that are termed “polymorphic PTLD” (including poly-
morphic lymphoma and polymorphic B-cell hyperpla-
sia, which can be a monoclonal lesion), or “lym-
phomatous” PTLD (including so-called monomorphic
PTLD). Harris et al. described polymorphic PTLDs as
destructive lesions that produce architectural efface-
ment of lymph nodes but that, unlike most lym-
phomas, show a full range of B-cell maturation from
immunoblasts to plasma cells with small- and
medium-sized lymphocytes and numerous cells resem-
bling centrocytes/cleaved follicular center cells.36 In
contrast, monomorphic PTLDs often have sufficient
architectural and cytological atypia to be categorized

as high-grade lymphomas. Monomorphic PTLDs are
characterized by infiltrates causing nodal architectural
effacement with confluent sheets of transformed cells;
all or most cells are large, transformed, blastic cells
with prominent nucleoli and basophilic cytoplasm.36

Most monomorphic PTLDs fall into the category of
diffuse large cell lymphomas. The consensus groups
also stated that neoplastic forms of EBV-positive PTLD
should ideally have (1) disruption of underlying archi-
tecture by a lymphoproliferative process, (2) presence
of monoclonal or oligoclonal cell populations as
revealed by cellular and/or viral markers, and (3) evi-
dence of EBV infection in many of the cells. The
demonstration of a lymphoid tumor containing
unequivocal evidence of any two of these features was
felt to be sufficient to establish the diagnosis of neo-
plastic PTLD. A working diagnosis could be made in
the presence of (1) or (2) alone in the proper clinical
setting. In practical terms, this eliminates all inflam-
matory lesions in which EBV might be demonstrated,
with the exceptions of plasma cell hyperplasia and IM.
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Figure 62.5 PTLD Burkitt’s type (touch prep)

Figure 62.6 PTLD: Burkitt’s type (EBV ISH)

Figure 62.7 PTLD: plasmacytoma-like (monoclonal
kappa)

Figure 62.8 PTLD: myeloma type



Finally, they recommended that the classification sys-
tem formulated by Harris et al.36 be used (Table 62.3)
with supplemental information (clonality, EBV status)
appended to the histological diagnosis of PTLD. The
World Health Organization (WHO) also defined sev-
eral categories of PTLD (Table 62.4).

Although no specific staging system for PTLD exists,
the consensus group recommended that the Ann
Arbor Staging Classification with Cotswold modifica-
tions be used.

MANAGEMENT

The prevention and treatment of EBV-PTLD may
include numerous modalities (Table 62.5), the choice
of which may be dictated by certain prognostic fea-
tures (Table 62.6). The survival rates of patients who
develop PTLD vary widely depending on the type of
transplant (SOT vs HSCT), category of PTLD (early
polyclonal vs monocloncal monomorphic), and the
therapy employed.15

REDUCTION OF IMMUNOSUPPRESSION, SURGERY,
RADIATION THERAPY
Decreasing immunosuppressive therapy is often the
first step taken in the management of PTLD in the SOT
setting and has proven to be efficacious in small case
series reports, with response rates ranging from 23 to
89%. Tsai et al. reported one of the largest series on the
outcome of 42 adult organ transplant recipients who
developed PTLD and were treated with reduction in
immunosuppression with or without surgical resection
of all known disease: 73.8% achieved a complete
remission. Of those patients who were treated
with reduction in immunosuppression alone, 63%
responded, with a median time to documented
response of 3.6 weeks. They noted that an elevated
LDH ratio, organ dysfunction, and multiorgan
involvement by PTLD predicted for lack of response to
reduction in immunosuppression. In patients with
none of these risk factors, 89% responded to reduction
in immunosuppression, while 60% with 1 risk factor
responded and 0 % with 2–3 risk factors responded.
However, such a maneuver is associated with the risk
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Table 62.3 Harris formulation

Early/Benign PTLD
Plasmacytic or atypical lymphoid hyperplasia
Infectious mononucleosis-like syndrome

– Nodal disease with preservation
– �3 months posttransplantation
– Polyclonal

Polymorphic PTLD
– Nodal disease with effacement of lymph node architec-

ture or extranodal disease 
– Full range of B-cell maturation
– Monoclonal
– Normal cytogenetics 
– No oncogene mutations

Monomorphic PTLD (Non-Hodgkin’s B- or T-Cell lymphoma)
– Nodal disease with effacement of lymph node architec-

ture or invasive extranodal disease
– Monomorphic sheets of transformed B cells
– Monoclonal
– Some with abnormal cytogenetics or mutations in ras

or p53

PTLD-Other
T-cell-rich, large B-cell (Hodgkin’s-like) lymphoma

– Nodal disease
– Background of small T-cells with superimposed Reed–

Sternberg–like cells
– Monoclonal

Plasmacytoma-like lesions
– Nodal disease with effacement of lymph node 

architecture by mature plasma cells with monoclonal
immunoglobulin

– Monoclonal
Multiple myeloma

Criteria For Evaluation of Clonality (Specify B or T Cell)
C0 Polyclonal
C1 Monoclonal-not further categorized

C1a Monoclonal component estimated at �50% of cells
C1b Monoclonal component estimated at �50% of cells
C1c Multiclonal or oligoclonal pattern

CX not evaluated

Criteria For Evaluation of EBV within PTLD (detection by EBER2
or LMP1 expression)
E0 EBV negative
E1 EBV Present-not further categorized

E1a Nonclonal viral pattern
E1b Clonal viral pattern

EX not evaluated

Table 62.4 World Health Organization categories of PTLD

WHO Categories of Posttransplant lymphoproliferative 
disorders

Early lesions
Reactive plasmacytic hyperplasia
Infectious mononucleosis-like

PTLD polymorphic
Polyclonal (rare)
Monoclonal

PTLD monomorphic (classify according to lymphoma
classification)

B-cell lymphomas
Diffuse large B-cell lymphoma (immunoblastic, 
centroblastic, anaplastic)
Burkitt/Burkitt-like lymphoma
Plasma cell myeloma

T-cell lymphomas
Peripheral T-cell lymphoma, not otherwise categorized
Other types (Hepatosplenic, gamma-delta, T/NK)

Other types (rare)
Hodgkin’s disease-–like lesions (associated with 
methotrexate therapy)
Plasmacytoma-like lesions



of allograft rejection, which can be fatal in setting of
heart, liver, or lung transplantation. In this study,
almost all cases of acute rejection could be treated by
increasing immunosuppression without compromis-
ing the initial effect of immunosuppresion on reduc-
tion of the PTLD. Tsai et al. noted that the high
response rate and low rejection rate in this study sug-
gests that one can often find a level of immunosup-
pression sufficient for PTLD resolution while simulta-
neously protecting the allograft in many patients.37

Liver, pancreas, and kidney transplant patients are
often treated with complete cessation of all immuno-
suppression, except for a maintenance dose of steroids
to prevent an adrenal crisis, as acute rejection can be
quickly identified noninvasively by following liver
enzymes and serum creatinine. Severe rejection can
then be aborted with reinstitution of immunosuppre-

sion and rescue of the graft. In contrast, for heart and
lung transplant recipients, immunosuppression is
reduced but not stopped completely. For example,
drugs such as azathioprine and mycophenolate mofetil
are discontinued, while drugs such as steroids,
cyclosporine, or tacrolimus are maintained at a reduced
dose. Patients not responding with a CR (Complete
Remission) or PR (Partial Remission) by 4 weeks should
be evaluated for additional therapies. Radiation ther-
apy applied to localized PTLD may also be curative. 

Unfortunately, HSCT recipients rarely benefit from
a decrease in immunosuppressive therapy as endoge-
nous immune recovery posttransplant may take sev-
eral weeks to months.

ANTI-B-CELL THERAPY
There are numerous reports that support the effective-
ness of anti-B-cell therapy for the treatment of PTLD
in both SOT and HSCT patients.38,39 Benkerrou et al.40

reported the outcome of 58 patients after SOT or
HSCT with EBV-PTLD who were treated with anti-
CD21 plus anti-CD24 antibodies: 61% of patients
achieved a CR, with a 1-year overall survival of 46%
(compared with 29% in historical controls). Several
recent reports have demonstrated a benefit from the
use of rituximab, a humanized monoclonal IgG1
kappa antibody against the CD20 antigen found on
the surface of malignant and normal B cells, but not
on other normal tissues. It has been found to mediate
complement-dependent cell lysis and antibody-
dependent cellular cytotoxicity.41 Milpied et al.
reported the outcome of 32 transplant recipients with
PTLD who were treated with rituximab: response (CR �
PR) was seen in 65% of SOT and 83% of HSCT recipi-
ents, with 73% surviving at 1 year.42 Ganne et al.
reported the outcome of eight cases of PTLD occurring
after SOT. Complete remission was achieved in seven
patients, and seven patients maintained functioning
grafts.43 Rituximab is often used as first-line therapy in
patients with PTLD occurring after HSCT and as sec-
ond-line therapy after failure of reduction in immuno-
suppression in SOT recipients.

Rituximab has also been used in the preemptive set-
ting for the prevention of PTLD in high-risk patients.
van Esser et al.44 evaluated EBV reactivation by PCR
viral load testing in patients undergoing allogeneic
HSCT. They found that patients undergoing a T-cell
depleted allogeneic HSCT were at high risk for PTLD if
the plasma EBV viral load exceeded 1000 genome
equivalents/milliliter (gEq/mL). Although the negative
predictive value of viral load testing was 100%, the
positive predictive value was only 39%, indicating that
many patients were still able to mount an effective
immune response and clear the viral reactivation.
They suggested that monitoring the reconstitution of
EBV-specific T lymphocytes may add to the predictive
value of the viral load by PCR; such assays are now
available and include the enumeration of EBV-specific
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Table 62.5 Management of PTLD

Monitor EBV-DNA viral load by PCR in cell-free plasma once
every 1–2 weeks in high-risk transplant patients.

When EBV reactivation occurs, screen patients for signs and
symptoms of early PTLD.

Obtain histologic confirmation of PTLD and perform staging
studies to document extent of disease. This includes serum
LDH, CT/PET scans, and bilateral bone marrow aspirate and
biopsy.

Reduce immunosuppressive therapy as tolerated by SOT or
HSCT recipient.

Consider surgery or radiation therapy for localized disease.

Patients who fail to respond to reduction in immunosuppres-
sion should be considered for therapy with rituximab if CD20
expression documented.

Patients who fail to respond to rituximab or who are not can-
didates for such therapy should be considered for cytotoxic
chemotherapy. Patients with stage IV disease and those with
an elevated LDH may be considered for initial combination
therapy with both chemotherapy and rituximab.

If available, HSCT patients can be considered for adoptive
immunotherapy with donor T-cells.

SOT: Solid eagar transplant; EBV: Epstein–Barr virus; PTLD: past-
transplant lymphoproliferative disorder; LDH: Grent lactate dehy-
drogenase; HSCT: Remotopoietic stem cell transplant.

Table 62.6 Poor prognostic features

Monomorphic subtype with high state

High LDH

Multivisceral disease (4 or more sites)

CNS involvement

HSCT vs SOT

LDH: lactate dehydrogenase; HSCT: Renatopoictic stem cell trans-
plant; SOT: solid organ transplant.



Part III ■ LYMPHOMA652

T cells by tetramer binding or by the induction of
intracellular interferon -gamma (IFN-�) in T cells after
specific stimulation.44 In order to evaluate the preven-
tion of EBV-PTLD by preemptive use of rituximab, van
Esser et al.9 evaluated 49 recipients of a TCD allogeneic
HSCT by performing EBV viral load by PCR.
Preemptive therapy with a single infusion of rituximab
was given to 15 patients with an EBV viral load of 1000
gEq/mL or more. A total of 14 patients demonstrated a
complete response, as defined by prevention of EBV-
PTLD and complete clearance of EBV-DNA from the
plasma, which was achieved after a median of 8 days.

They compared this outcome with their historical
cohort with the same high-risk features and showed a
reduction of PTLD incidence from 49 to 18% and
reduction in PTLD mortality from 26 to 0%.9 However,
not all B-cell PTLD express CD20. Kaleem et al. found
that 16% of the PTLD cases they evaluated by flow
cytometry showed almost complete lack of CD20
expression and several other cases showed partial and
dim expression on CD20.45

Finally, analysis of patients with PTLD in remission
after chemotherapy or withdrawal of immunosuppres-
sion has confirmed a relationship between disease activ-
ity and EBV viral load by PCR. However, Yang et al. sug-
gest that this correlation may not exist in patients
treated with rituximab. They note that EBV-infected
lymphocytes in the peripheral blood differ in their sen-
sitivity to rituximab from tumor cells of PTLD; that is,
EBV-infected cells in the peripheral blood rapidly
decline with therapy, whereas the response of tumor
cells is variable. They caution that monitoring viral load
in peripheral blood may not predict clinical response in
patients with PTLD treated with rituximab.46

RAPAMYCIN
Rapamycin is a macrolide antifungal antibiotic iso-
lated from Streptomyces hygroscopicus that has potent
immunosuppressive properties. It blocks cell cycle pro-
gression from phase G1 to S and inhibits some signal
transduction pathways. Besides its inhibitory effects
on normal cells of the immune system, rapamycin also
inhibits proliferation of transformed cell lines, such as
B cells transformed by EBV. 

Garcia et al. recently reported two cases of PTLD
after renal transplantation that were successfully
treated with rituximab in association with rapamycin.
This is a potentially useful combination as it allows for
the maintenance of some degree of the immunosup-
pression necessary to preserve graft function while
exerting anti-PTLD effects.41

CHEMOTHERAPY
Chemotherapy is usually considered for use when the
preceding treatment options have failed, as it may be
associated with significant morbidity and mortality.
Unfortunately, HSCT patients, who are more resistant
to reduction in immunosuppression, are frequently in
need of early chemotherapy. Patients with high LDH
and multiorgan involvement are another group most
likely to require such therapy. Perhaps the early identi-
fication of such risk factors may permit more rapid
initiation of effective chemotherapy regimens. Anthra-
cycline containing regimens such as CHOP and
ProMACE-CytaBOM have been used in the past and
may provide long-term relapse-free survival.15 However,
recent investigations in children and adults with PTLD
after SOT have demonstrated a high response rate with
less toxicity and mortality with low-dose combination
chemotherapy. For example, Gross et al.47 showed that

Figure 62.9 Pulmonary nodule

Figure 62.10 Neck adenopathy



low-dose cyclophosphamide/prednisone induces a
high response rate (�90%) with minimal toxicity.
However, the 2-year event-free survival was only 58%.
To improve the long-term outcome, Orjuela et al.
recently reported the results of a pilot study in which
six patients with PTLD following SOT were treated
with 2–6 courses of CPR (cyclophosphamide, pred-
nisone, and rituxin) and reported an overall response
rate of 100% (85% CR, 15% PR). All patients in CR sur-
vived with functioning allografts.48 Oertel et al.
reported their experience with salvage chemotherapy
(carboplatin/etoposide with G-CSF support) in
patients with refractory or relapsed PTLD after SOT:
five of nine patients achieved a complete remission.49

ADOPTIVE IMMUNOTHERAPY
Khatri et al. demonstrated the striking temporal rela-
tionship between the endogenous expansion of a TCR
Vß-restricted, CD3�CD8� population of MHC class 
I-restricted CTL and the regression of a monoclonal
PTLD in a HSCT recipient. Unfortunately, the delay in
recovery of such immune surveillance against trans-
formed EBV-positive B cells results in the develop-
ment of potentially fatal PTLD. T-cell immunotherapy
has been reported to be efficacious in the manage-
ment of PTLD in this setting.39 O’Reilly et al. reported
on 18 HSCT patients with EBV-PTLD who were treated
with nonspecific donor lymphocyte infusions (DLI):
16 of 18 patients experienced eradication of PTLD.
However, only 10 survived in sustained CR and 3
patients died of GVHD, a major side effect of DLI.50

Attempts have been made to improve the efficacy and
reduce the risk of GVHD by administering EBV-spe-
cific CTLs.51 Rooney et al. detailed the outcome of 39
recipients of matched unrelated donor/partially mis-
matched related donor transplants who received pro-
phylactic EBV-specific CTLs (EBVs-CTL). None of the
treated HSCT recipients developed PTLD, whereas 7 of
61 controls not receiving such therapy developed
PTLD.52

In the SOT setting, adoptive immunotherapy has
also been evaluated on a limited basis. Nalesnick et al.
reported the experience of seven SOT recipients with
PTLD; peripheral blood mononuclear cells harvested
from the patients were cultured with interleukin-2
(IL-2). The infusion of these lymphokine-activated
killer cells into the four patients with EBV-positive
tumors resulted in sustained involution of their
tumors. Unfortunately, two patients suffered organ
rejection.53 Haque et al. reported their experience with
three SOT patients whose EBV-specific cells lines were
cultured from autologous T cells collected prior to
transplant; the prophylactic infusion of these cells
after transplant resulted in the suppression of circulat-
ing EBV-DNA levels to below pretansplant levels.
Interestingly, the EBV-specific CTLs were measurable
in the patients’ blood for 3 months posttransplant.54

Finally, a phase 1/2 trial with eight SOT patients who

had progressive PTLD unresponsive to conventional
treatment were given infusions of partly HLA-matched
allogeneic EBV-specific CTLs from a frozen bank of
CTLs derived from healthy blood donors. Three of the
five patients who completed treatment achieved a
complete remission, and the EBV load in their periph-
eral blood fell to undetectable levels in all patients
who responded to treatment; no GVHD developed and
graft function improved in three cases.55 It was noted
that tumor responses were mainly seen in those with
early, localized, polyclonal disease. 

EBVs-CTL therapy may not find widespread use for
several reasons: it requires 2–3 weeks to generate such
cells, the technology for larger scale expansion of
EBV-CTLs is expensive, such technology is not avail-
able in every transplant center, and this approach is
not effective in patients who develop EBV deletion
mutants.11

ARGININE BUTYRATE
Arginine butyrate and other histone deacetylase
inhibitors induce the activity of certain genes.
Exposure of EBV-positive tumor cells to butyrate
results in robust induction of herpesvirus in immedi-
ate-early and early (lytic) genes, including thymidine
kinase (TK), and a modest induction of lytic replica-
tion. There is now extensive experience in the admin-
istration of arginine butyrate over extended periods of
time to adults and children with sickle cell anemia or
�-thalassemia to therapeutically reactivate fetal globin
expression. In vitro studies demonstrated that induc-
tion of EBV-TK activity was possible in EBV-immortal-
ized B cells and that these previously ganciclovir-resis-
tant cells were then rendered susceptible to antiviral
nucleoside analogs. Faller et al. have used arginine
butyrate to induce the latent viral TK gene expression
and enzyme induction in tumor cells and then treated
the patients with ganciclovir: 5 of 10 previously refrac-
tory patients experienced a complete clinical response
and an additional 2 patients achieved a partial
response.56

ANTI-INTERLEUKIN 6 THERAPY
IL-6 is a cytokine that is known to promote the growth
and differentiation of B cells. A phase 1–2 study was
reported by Haddad et al. in which 12 SOT recipients
with PTLD refractory to reduction of immunosuppres-
sion were treated with anti-IL-6: 5 of 12 patients
achieved CR and 3 patients achieved a PR.57,58

ANTIVIRAL THERAPY
Many studies have incorporated antiviral nucleoside
analog drugs such as acyclovir and ganciclovir. The
nucleosides require conversion to the monophosphate
form by the viral enzyme TK. Additional phosphoryla-
tions are then performed by cellular kinases. Acyclovir
or ganciclovir triphosphates are then preferentially
incorporated into DNA by viral DNA polymerase,
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where they then act as obligate chain terminators.
However, TK and viral DNA polymerase are enzymes
that are only expressed during lytic infection, while
EBV-PTLD is thought to result from latently infected
proliferating B cells. Hence, no effect of these drugs
would be expected with respect to the prevention or
treatment of PTLD. Nevertheless, acyclovir is often
instituted when EBV-PTLD is diagnosed, but there is
scant information documenting the effectiveness of
either acyclovir, ganciclovir, or newer antiviral agents
such as cidofovir.11 Despite a paucity of data support-
ing the merits of using antiviral therapy in this setting,
the European Best Practice Expert Group on Renal
Transplantation suggests that in the case of EBV-posi-
tive B-cell lymphomas, antiviral treatment with acy-
clovir, valacyclovir, or ganciclovir may be initiated for
at least 1 month or according to the blood level of EBV
replication when available.59

INTERFERON ALPHA THERAPY
There are numerous case reports in the literature
demonstrating the effectiveness of IFN-� in the man-
agement of EBV-PTLD after HSCT and SOT. Davis et al.
reported the outcome of 14 patients with EBV-PTLD
who were treated with IFN-� 3 million U/m2 daily for
at least 3 weeks and continued for 6–9 months in

responders: 8 of 14 patients achieved a CR.60 Patients
treated with IFN-� in various studies have received
additional therapies, and this makes it unclear
whether IFN-� is truly an effective therapy for PTLD.11

The toxicity and lower response rates associated with
IFN-� also makes it less appealing than more recent
options such as rituximab.

SUMMARY

In conclusion, over the last decade our understanding
of the pathophysiology of PTLD has enabled us to
detect the disorder at a subclinical stage that permits
the institution of therapies capable of improving out-
come. Indeed, the high mortality reported in the
1980s and early 1990s appears to have been sup-
planted by much improved long-term survival rates.
These improved outcomes have been based primarily
on the use of antibodies such as the anti-CD20 agent
rituximab for early-stage patients and combined with
chemotherapy for patients with more advanced dis-
ease. Ongoing advances in our understanding of
immunobiology and development of newer immuno-
suppressive agents may one day allow patients under-
going SOT or HSCT to avoid such a complication. 
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63Chapter 63
TREATMENT APPROACH TO
ADULT T-CELL LYMPHOMA/
LEUKEMIA
Karen W.L. Yee and Francis J. Giles

INTRODUCTION

Human T-cell leukemia virus type 1 (HTLV-1), a double-
stranded RNA retrovirus, has been demonstrated to be
the causative agent in the development of adult T-cell
leukemia/lymphoma (ATL/L). HTLV-1 infection is
endemic in the southwestern part of Japan and the
Caribbean basin, with geographic clusters reported in
Africa, Central and South America, the Middle East,
and the southeastern United States.1

The majority of individuals infected with HTLV-1
are asymptomatic carriers; however, a proportion will
develop either ATL/L or a chronic inflammatory syn-
drome [e.g., HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP), polymyositis, arthropa-
thy, infective dermatitis, and uveitis].2–7 The lifetime
risk of an HTLV-1 carrier developing either ATL or
HAM/TSP is 1–5% and 1–2%, respectively.8–11 ATL
occurs only after a long latency period, ranging from
10 to 30 years, with the accumulation of additional
oncogenic events.12–14

Four criteria need to be fulfilled in order to make the
diagnosis of ATL: (1) histologically and/or cytologi-
cally proven T-cell lymphoid malignancies (i.e., usu-
ally expression of CD2, CD3, CD4, and CD5 with
absent CD7 and CD8), (2) abnormal T lymphocytes
consistently present in the peripheral blood, except in
the lymphoma type (i.e., flower cells and/or small and
mature T lymphocytes with incised or lobulated
nucleus), (3) seropositivity for HTLV-1 (by indirect
immunofluorescence, enzyme-linked immunosorbent
assay, passive hemagglutination, or Western blot), and
(4) clonal integration of proviral DNA into the cellular
DNA of neoplastic T cells [by Southern blot analysis,
polymerase chain reaction (PCR), or inverse PCR].15–19

ATL is classified into four clinical subtypes (i.e.,
acute, lymphoma, chronic, or smouldering) with differ-
ent prognoses and outcomes (Table 63.1). Because of
the heterogeneous outcomes, even within a subtype, it

may be prudent to stratify all patients into high- and
low-risk groups at the time of diagnosis on the basis of
the following poor prognostic features: hypercalcemia,
elevated levels of serum lactate dehydrogenase, poor
performance status, age over 40 years, and multiple sites
of disease.16 Patients with low-, standard high-, and
extremely high risk disease had median survival times
of 37, 8, and 2.4 months, respectively.16 Other features
that have been associated with a poor outcome and/or
progression from smouldering or chronic ATL to acute
ATL include poor performance status, increased serum
creatinine, high white blood cell count, microsatellite
instability, high expression of the proliferation marker
Ki-67, unusual immunophenotype, integration of a
defective HTLV-1 provirus, deletions of p15 and/or p16
genes, and high serum thymidine kinase, serum soluble
interleukin 2 receptor (IL-2R), serum �2-microglobulin,
or serum parathyroid hormone-related protein lev-
els.16,20–30 However, none of these risk factors have been
prospectively validated.

CONVENTIONAL TREATMENT MODALITIES

CHEMOTHERAPY
Chronic and smouldering ATL
Approximately 90 patients with chronic or smoulder-
ing ATL have been treated with chemotherapy.1,24,31–34

Overall survival (OS) does not appear to be significantly
improved with chemotherapy compared to historical
controls (10.9–16 months vs 24.3 months, respec-
tively),1,32,33 with only one retrospective study showing
a median survival of 37.9 months for 51 patients
treated with a variety of chemotherapy regimens.24

Acute and lymphomatous ATL
Patients with acute and lymphoma subtypes of ATL
have been treated with a variety of chemotherapeutic
regimens, initially those used for non-Hodgkin’s lym-
phoma, with complete response (CR) rates of 19–36%
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and median survivals of 4.7–10 months.16,35–37

Attempts to improve the response rates and OS led to
the incorporation of multiple non-cross-resistant
agents, extended duration of therapy, and incorpora-
tion of intrathecal chemotherapy (in an attempt to
prevent meningeal recurrence), yielding CR rates of
17–44% (Table 63.2).1,24,31–33,38–44 Responses were not
durable and significantly lower for patients with ATL
compared with B-cell non-Hodgkin’s lymphoma or
peripheral T-cell lymphoma.38,39,42 Reported response
durations were less than 8 months,32,44 and median OS
was only 5.5–13 months. 

These studies32,38,39,42,44 demonstrate the limitations
of treating patients with ATL with conventional agents.
The lack of good-quality responses (i.e., CRs) achieved
with chemotherapy is a consequence of several factors:
intrinsic resistance of ATL cells secondary to P-glycopro-
tein overexpression, mutations of the tumor suppressor
gene p53, expression of the free-radical scavenger, ATL-
derived factor, and abnormalities of topoisomerase II
activities.45–50

STEM CELL TRANSPLANTATION
Autologous stem cell transplantation
Acute and lymphomatous ATL
At least 13 patients with ATL (nine acute and four
lymphoma) have received an autologous stem cell

transplantation (ASCT).51–59 Median age was 49 years
(range 33–65 years); 61.5% of patients had refractory
disease, partial responses (PRs), or were in early relapse
at the time of transplant. All patients achieved or
maintained either a CR (92.3%) or a PR (7.7%) post-
ASCT. Although disappearance of the monoclonal
band by Southern blot analysis and by inverse PCR
after ASCT can be demonstrated in a few cases, the
durability of remission is unclear.51,52 Clinical out-
comes have been complicated by early recurrence and
fatal infections, with OS of 0.47–12� months and
only 8% of patients surviving �12 months post-ASCT.
CD34� selection does not improve results; Southern
blot analysis of the peripheral blood stem cells
(PBSCs) revealed contamination with HTLV-1-infected
cells57 and have been documented relapses
despite.52,53,57,59 ASCT does not have a role in the
treatment of patients with ATL, outside of an investi-
gational trial. 

Allogeneic stem cell transplantation
Myeloablative stem cell transplantation
The disappearance of the proviral monoclonal band
by Southern blot analysis and PCR after allogeneic
stem cell transplant has been demonstrated; however,
serial analysis was not performed to determine dura-
bility of remission.60–64 At this time, it is unclear
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Table 63.1 Clinical subtypes of adult T-cell leukemia15

Subtypes

Features Smouldering Chronic Lymphoma Acutea

(n 
 45) (n 
 152) (n 
 156) (n 
 465)

Lymphocytes (� 109/L) �4 �4b �4 �/�

Abnormal T lymphocytes in PB (%) �5c �5c �1 �5c

Flower cells Occasional Occasional � �/�

Hypercalcemia � � �/� �/�

LDH �1.5 � ULN �2 � ULN �/� �/�

Skin lesions �/� �/� �/� �/�

Lung lesions �/� �/� �/� �/�

Bone lesions � � �/� �/�

Bone marrow involvement � � �/� �/�

Hepatosplenomegaly � �/� �/� �/�

Extranodal involvement � � �/� �/�

(other than specified above)
Lymphadenopathy � �/� �d �/�

Infections at diagnosis (%) 35.6 35.5 11.5 27.5

Proportion of cases (%) 5.5 18.6 19.1 56.8
Median survival (months) Not reached 24.3 10.5 6.2
Projected OS4y(%) 62.8 26.9 5.7 5

“�,” Absent; “�,” present; “�/�,” may be present; OS4y, 4 year overall survival; ULN, upper limit of normal.
a Patients with ATL who do not fit criteria for smouldering, chronic, or lymphoma subtypes. 
b With T lymphocytes �3.5 � 109/L (including abnormal T lymphocytes).
c If abnormal T lymphocytes in PB �5%, patients should have biopsy-proven malignant lesion(s).
d Biopsy-proven; �/� no specific qualification.

Modified from Shimoyama et al. 1991.



Table 63.2 Chemotherapeutic regimens for treatment of acute and lymphoma ATL

Patient characteristics Response

Chemotherapy regimen N Median age Acute Prior Median Response rate Median OS Reference
(evaluable) (range, years) subtype therapy F/U (%) (months)

(%) (%) (months)

CV’P 10 56.5 (44–72) 6.4 6.3 35
VEPA (n 
 24) vs VEPA-M (n 
 30) 54 27.6% � 60 yearsa 77.8 0 NR CR 17 vs 37 7.5b 38–40

(Overall CR 28)
CHOP (n 
 14) vs VEPA (n 
 32) 46 56.1–57.5 (28–74) 0 0 NR CR 35.7 vs 43.8 4.7 vs 7.7 36
[LSG1/LSG2]
Single agentc, COP, VEMP, VEPA, 717 (635) 57.1 (24–92)d NR 0 NR CR 18.7 10d 16
CHOP, MACOP-B, or other 
combination therapy
Alternating VEPA-B, M-FEPA, and 43 NR NR NR 56 CR 42 8 31, 40–42
VEPP-B [LSG4]
VEPA, LSG4, or LSG4 � cisplatin 110 (108)e NR 76.4 0 NR OR 67.6 5.5 vs 8.7f 24, 31

CR 18.5; PR 49.1
RCM protocol 43 64 (34–78) 65.1 NR NR OR 86 6 43

CR 20.9; PR 65.1
CHOP/VP-16/ MCNU/mito 83 (81) 59 (32–74) 54.3 32.1 NR OR 74.1 8.5 44

CR 35.8; PR 38.3
Anthracycline- or mitoxantrone- 21 (16)h 51 (21–74) 61.9 NR NR OR 56.3 5.5 1
based therapyg CR 18.8; PR 37.5
OPEC/MPEC (n 
 79) or 87i 62 (41–87)j 58.6k 19.5 9.5 OR 90 7.5 32
DOEP (n 
 8) CR 31; PR 59
Alternating VCAP, AMP, and 96 (93) 54.5 (29–69) 60.4l 0 NR OR 80.6 13 33
VECP & IT [LSG15] CR 35.5; PR 45.1
CHOP 22 NR NR NR NR NR 7.3j 45

P 
 NS unless otherwise specified.
AMP, doxorubicin, ranimustine, and prednisone; CV’P, cyclophosphamide, vindesine, and prednisolone; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednsiolone or prednisone;
CHOP/VP-16/MCNU/mito, CHOP followed by etoposide, ranimustine, and mitoxantrone; COP, cyclophosphamide, vincristine, and prednisolone; DOEP, daily oral etoposide and prednisolone;
F/U, follow-up; IT, intrathecal methotrexate and cytarabine; LSG4, doxorubicin, cyclophosphamide, vincristine, prednisone, vindesine, methotrexate, etoposide, procarbazine, and bleomycin;
MACOP-B, methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisolone, and bleomycin; M-FEPA, methotrexate, vindesine, cyclophosphamide, prednisolone, and doxorubicin; NR,
not reported; OPEC/MPEC, vincristine or methotrexate, prednisolone, etoposide, and cyclophosphamide; PBSCT, peripheral blood stem cell transplant; RCM, response-oriented cyclic multidrug
protocol (i.e., cyclophosphamide, prednisolone, vindesine, and ranimustine (week 1) followed by cyclophosphamide, prednisolone, methotrexate, and pirarubicin (week 2), cyclophosphamide,
prednisolone, etoposide, peplomycin, and cytarabine (week 3), and cyclophosphamide, prednisolone, mitomycin C, and doxorubicin (week 4); VCAP, vincristine, cyclophosphamide, doxorubicin,
and prednisolone; VECP, vindesine, etoposide, carboplatin, and prednisolone; VEPA, vincristine, cyclophosphamide, prednisolone, and doxorubicin; VEPA-B, VEPA and bleomycin; VEPA-M, VEPA
and methotrexate; VEPP-B,  methotrexate, cyclophosphamide, procarbazine, prednisolone, and doxorubicin.
a Median age not reported; b for ATL patients treated with both VEPA and VEPA-M; c etoposide, interferon alpha, interferon gamma, cyclophosphamide, vincristine, prednisolone, or other single
agent; d for all 854 patients (including 137 untreated patients); e includes 51 chronic and 11 smouldering subtypes; f for acute vs lymphoma subtype; g except for one acute ATL patient who
received single-agent cyclophosphamide, one lymphoma subtype supportive care only, and one chronic ATL topical therapy for skin disease (two patients also received PBSCT); h includes one
chronic subytype; i includes patients with acute (n 
 51), lymphoma (n 
 22), and progressive chronic (n 
 14) ATL; j mean; k includes 14 chronic subtypes; l includes 10 chronic subtypes.



whether undetectable minimal residual disease is asso-
ciated with improved relapse-free survival and OS.

Chronic and smouldering ATL
The use of myeloablative matched-related donor
(MRD) allogeneic stem cell transplantation has been

reported in only four patients with chronic ATL (Table
63.3).60,67,71 Median age was 40.5 years (range 33–55
years); three patients had a PR and one relapsed disease
at the time of transplant. Seventy-five percent of
donors were HTLV-1 seronegative. All patients achieved
either a CR (75%) or a PR (25%) after transplantation.
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Table 63.3 Myeloablative allogeneic stem cell transplant for treatment of ATL

Age Disease Median Donor/ Response Disease Overall Cause Reference
(years) status F/U status to SCT controla survivala of death

at SCT (months) HTLV-1 (months) (months)

Acute subtype
43 Refractory 6.8 MRD/NR CR 6.2 6.8 CMV 65

interstitial
pneumonitis

48 CR 11.8 MRD/� CR 11 11.8 ATL 66
41 CR 23� MRD/� CR 23� 23� NA 61
42 CR 13 MRD/� CR 13 13 ATL 64
37 PR 80� MRD/� CR 80� 80� NA 64
38 CR NR MRD/� CR 3 NR Renal 67

insufficiency
47 Refractory 24� MRD/� CR 24� 24� NA 68
46 Relapsed 14� MRD/� CR 14� 14� NA 62
38 CR 10.1 MRD/� CR 3.9 10.1 Renal 60

insufficiency
41 CR 34.4� MRD/� CR 34.4� 34.4� NA 60
37 PR 31.5� MRD/� CR 31.5� 31.5� NA 60
44 PR 28.7� MRD/� CR 28.7� 28.7� NA 60
45 CR 15.5 MUD/� CR 15.5 15.5 GI bleeding 60
42 CR 19.5� MRD/� CR 19.5� 19.5� NA 60
48 Refractory 4.1 MRD/� CR 4.1 4.1 Acute GvHD 60
47 PR 11.8� MRD/� CR 3.7 11.8� NA 60
51 Refractory 16� MUD/NS CR 16� 16� NA 63
36 Relapsed 7+ MRD/NS CR 2 7� NA 69, 70
51 CR 14 MRD/� CR 7 14 NR 70
47 CR 13 MRD/� CR 13 13 Chronic 71

GvHD
46 CR 26.8� MRD/� CR 26.8� 26.8� NA 71
27 CR 31.5� MRD/� CR 31.5� 31.5� NA 71
46 PD 4.5 MRD/� CR 4.5 4.5 GI bleeding 71

due to acute
GvHD

Lymphomatous subtype
51 PR 9.3 MRD/� CR 9.3 9.3 Pneumonitis 60
15 CR 23.3� MRD/� CR 23.3� 23.3� NA 71
44 PD 1.6 2-antigen CR 1.6 1.6 Acute GvHD 71

mismatch
related/�

47 CR 12� MRD/� CR 12� 12� NA 71
46 PR 10 MUD/� CR 10 10 NR 70

Chronic subtype
33 PR 18� MRD/� CR 18� 18� NA 67
33 PR 32.7� MRD/� PR 32.7� 32.7� NA 60
48 Relapsed 15 MRD/� CR NR 15 Chronic 71

GvHD
55 CR 7.7 MRD/� CR NR 7.7 Chronic 71

GvHD

MRD, matched-related donor; MUD, matched unrelated donor; NA, not applicable; NR, not reported; PD, progressive disease.
a After stem cell transplant.



Median OS was 16.5 months (range 7.7–32.7�

months) with 50% of patients dying from graft-versus-
host disease (GvHD). At the current time, the role of
allogeneic transplantation in this setting remains to be
defined.

Acute and lymphomatous ATL
Results of myeloablative allogeneic transplantation
have been described in 28 patients with acute (n 
 23)
and lymphomatous (n 
 5) ATL (Table 63.3).61–71

Median age was 44.5 years (range 15–51 years); 28.6%
of patients had relapsed, refractory, or progressive dis-
ease at the time of transplant, and 21.4% had a PR.
Sixty-four percent of donors were HTLV-1 seronega-
tive. Only three patients received a matched unrelated
donor (MUD) transplant, two a T-cell-depleted trans-
plant, and one a two-antigen mismatch related trans-
plant. All patients achieved a CR after transplantation.
Median OS was 14 months (range 1.6–80� months).
Survival data, based on (i) donor HTLV-1 status, (ii)
ATL subtype, and (iii) recipient status at the time of
transplant, have been evaluated in patients who
received an MRD, unmanipulated, allotransplant.
Median OS for recipients of donor HTLV-1-seropositive
stem cells was 9.7 months (range 4.5–80� months)
compared to 8.6 months (range 4.1–34.4� months)
for donor HTLV-1-seronegative stem cells; for acute
subtypes, 8.4 months (range 4.1–80� months) com-
pared to 9.3 months (range 9.3–23.3� months) for
lymphomatous subtypes; and for patients trans-
planted in CR, 13 months (range 10.1–34.4� months)
compared to 9.3 months (range 9.3–80� months) and
4.5 months (range 4.1–24� months) for patients

transplanted in PR and with progressive, relapsed, or
refractory disease, respectively

Nonmyeloablative stem cell transplantation
The importance of the host immune responses in eradi-
cating ATL cells and controlling disease onset or recur-
rence is underscored by a graft-versus-leukemia effect
postallogeneic transplantation,60,61 recurrence of disease
after T-cell-depleted allogeneic stem cell transplants,64,66

and reports of ATL occurring postsolid organ transplan-
tation.72 Reconstituted cellular immunity, as manifested
by induction of cytotoxic T lymphocytes against HTLV-
1-infected cells, in ATL patients after nonmyeloablative
allogeneic stem cell transplantation from HTLV-1-
negative HLA-identical siblings may contribute to graft-
versus-leukemia effects.73 These data, together with the
high treatment-related mortality associated with stan-
dard allogeneic transplantation, have provided the
impetus for studies, using low-intensity conditioning
regimens.

Acute and lymphomatous ATL
Results of nonmyeloablative stem cell transplantation
have been reported for eight patients wih ATL (five acute
and three lymphoma) (Table 63.4).70,71,74,75 Median age
was 55 years (range 52–59 years); 50% of patients had
either refractory or progressive disease at the time of
transplantation, and 25% had a PR. A fludarabine-based
regimen was used in all but two cases.70,74 Five out of six
patients achieved a CR after transplant; however,
median survival was only 2.3 months (range 0.8–9�

months).  The two patients who had achieved a CR at
the time of transplant were still alive at 8� and 9�
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Table 63.4 Nonmyeloablative allogeneic stem cell transplant for treatment of ATL

Age Disease Median Donor/ Response Disease Overall Cause Reference
(years) status F/U status to SCT controla survivala of death

at SCT (months) HTLV-1 (months) (months)

Acute subtype

55 CR 9� MRD/� CR 9� 9� NA 74
52 PR 0.8 MRD/� NR NR 0.8 Interstitial

pneumonitis 71
53 PR 4 Partial NR NR 4 NR 70

mismatch
related/�

58 Refractory 1 Partial CR NR 1 NR 70
mismatch
related/�

55 Refractory 2 MRD/� NR NR 2 NR 70

Lymphomatous subtype

59 PD 2.3 NR/NR CR 0.4 2.3 Variceal 75
hemorrhage

59 PD 2.3 MUD/� CR 2.3 2.3 GI bleeding 71
55 CR 8� MRD/� CR 8� 8� NA 70

MRD, matched-related donor; MUD, matched unrelated donor; NA, not applicable; NR, not reported; PD, progressive disease.
a After stem cell transplant.



months70,74; one of whom demonstrated undetectable
proviral load in the peripheral blood mononuclear
cells by PCR analysis.74

Evaluation of transplantation data is complicated
by heterogeneity in patient selection, choice of condi-
tioning regimen, source of stem cells, degree of anti-
gen mismatch, and HTLV-1 status of donors. For both
myeloablative and nonmyeloablative allogeneic stem
cell transplantations, the optimal conditioning regi-
men, source of stem cells (bone marrow vs peripheral
blood), and type of GvHD prophylaxis are unclear.
The use of HTLV-1-seropositive, but disease-free,
donors is also uncertain. HTLV-1-seropositive donors
may improve transplantation results by providing
viral-specific immunocompetent cells and preventing
clonal expression of infected lymphocytes posttrans-
plantation. However, there is a theoretical concern
that recipients of stem cells from HTLV-1-seropositive
donors, with oligoclonal integration in donor
germline by Southern analysis,62 will be at risk of devel-
oping or relapsing with ATL after allogeneic stem cell
transplantation.

OTHER TREATMENT MODALITIES

RETROVIRAL AND IMMUNOMODULATORY AGENTS
Retroviral monotherapy
Maintenance of viral DNA load can occur through
either host genome replication or viral replication
through the HTLV-1 reverse transcriptase.19 HTLV-1
replication can be inhibited by a variety of nucleoside
reverse transcriptase inhibitors, including zidovudine,
zalcitabine, tenofovir, and possibly, lamivudine.76,77

Zidovudine (AZT) is a thymidine analog, which after
phosphorylation is incorporated into proviral DNA
causing chain termination. It is unclear whether
zidovudine monotherapy has significant activity.78

Interferons
Single-agent interferon alpha has been evaluated in a
small series of patients with acute, lymphomatous,
and chronic ATL, with OR rates of 25–33% and CR
rates of 0–25%.79,80 There have been anecdotal reports
using interferon beta and gamma to treat patients
with ATL with modest activity.81 Twelve patients have
been treated with interferon alpha in combination
with bestrabucil, a conjugate of chlorambucil and �-
estradiol, and prednisolone.82 Nine of the patients
(75%) obtained a PR with a median response duration
of 9 weeks.

Retrovirals and interferon
The mechanism of action of combination zidovudine
and interferon alpha remains unclear. The therapeutic
effects may be mediated by inhibition of HTLV-1 repli-
cation rather than a direct cytotoxic effect on leukemic
cells.83

Chronic or smouldering ATL
Only three patients with smouldering (n 
 1) or
chronic (n 
 2) ATL have been treated with combina-
tion zidovudine and interferon alpha, with none
achieving a CR.84–86

Acute and lymphomatous ATL
AZT and interferon alpha have been used to treat over
80 patients with acute or lymphomatous ATL (Table
63.5).84–91 The majority of patients had acute ATL and
had received prior therapy. Overall response rates
ranged from 14 to 89% with CR rates of 0–53%. Higher
responses may be achieved in previously untreated
patients.91 Median OS remained dismal and was usu-
ally �12 months. However, it appears to be signifi-
cantly increased in responders.87,90,91

These therapeutic outcomes have not exceeded
those with recent chemotherapeutic regimens, but can
be administered to patients with poor performance
status87 and may be associated with less toxicity, the
major toxicities being hematologic.

NUCLEOSIDE ANALOGS
There are currently three analogs of deoxyadenosine,
i.e., fludarabine, cladribine, and pentostatin, in clini-
cal use for the treatment of lymphoproliferative disor-
ders. In patients with ATL, most experience has been
obtained with pentostatin and the least with fludara-
bine.93

Single-agent cladribine (2-chlorodeoxyadenosine)
has limited activity in patients with relapsed or refrac-
tory acute or lymphomatous ATL (OR 7%; CR 0%).94,95

At least four studies have assessed the effectiveness of
pentostatin (deoxycoformycin) monotherapy in
patients with ATL.96–99 The majority of patients had
either acute or lymphomatous subtypes, and had
received prior therapy. Overall response rates were
15–20% with CR rates �10%. The majority of studies
did not report OS.96,97,99

Given these encouraging results, a multicenter
phase II trial evaluated the efficacy of pentostatin in
combination with doxorubicin, vincristine, etoposide,
and prednisolone in 60 patients with previously
untreated ATL (34 acute, 21 lymphoma, and 5
chronic).100 Median age was 56 years (range 31–69
years). Fifty-nine patients were evaluable for response.
Overall response was 52.5% (CR 28.8%; PR 23.7%).
However, therapy was discontinued in 62.7% of
patients—52.5% during induction therapy because of
progressive disease and 10.2% because of toxicity.
Only 17% completed the entire 10 cycles of therapy.
Both median follow-up and median OS were 7.4
months. Therefore, pentostatin-containing regimens
have limited activity in patients with ATL. 

ARSENIC TRIOXIDE
Treatment of HTLV-1-transformed cells and primary
ATL samples with arsenic trioxide can inhibit cell

Part III ■ LYMPHOMA662



Patient characteristics Response

N Median age Acute Prior Median Response rate Median disease Median OS Reference
(evaluable) (range, years) subtype therapy F/U (%) control (months) (months)

(%) (%) (months)

Interferon alpha and zidovudine

19 48 (16–88) 90 36.8 NR OR 58 CR 26; PR 32 NR 3 87, 88
10 (9)a 35 (23–75) 80 10 NR OR 89 CR 22; PR 67 EFS 12 NR 84, 85
7 28 (18–56) 43 100 NR OR 14 CR 0; PR 14 9 NRc 89

15 54 (28–79) 73 80 NR OR 67d Response duration 10 18 90
18 (12) 47.5 (22–68) 61 83.3 NR OR 25 CR 8; PR 17 Response duration 2.4 6 86
19 (17)e 45 (27–75) 79 31.6 36� OR 76 CR 53; PR 23 EFS 7 11 91

Interferon alpha and arsenic trioxide

7 46 (28–56) 57 86 1.5 OR 57 CR 14; PR 43 PFS 1.5 1.5 92

EFS, event-free survival; F/U, follow-up; PFS, progression-free survival; IFN, interferon; AZT, zidovudine.

aIncludes one smouldering subtype; bincludes two chronic subtypes; call six nonresponders did not survive for �1 month; d at the time of study, 8 of 15 patients were in CR or PR;
therefore, 10 of 15 patients achieved or maintained a response on AZT and IFN (but no further details provided); e 3 of these patients had been previously reported (Refs. 84 and 85).

Table 63.5 Retroviral and/or immunomodulatory agents for treatment of acute and lymphoma ATL



proliferation and induce apoptosis.101–103 A synergistic
effect is achieved when arsenic is combined with inter-
feron alpha, leading to G1 cell cycle arrest, inhibition
of cell proliferation, and induction of apoptosis.101

A phase II study assessed the efficacy of combina-
tion therapy with arsenic trioxide and interferon alpha
in seven patients with relapsed or refractory ATL (four
acute and three lymphoma).92 Median age was 46
years (range 28–56 years).  None of the patients com-
pleted the planned treatment because of toxicity (n 
 3)
or disease progression (n 
 4). Median treatment dura-
tion of arsenic trioxide was 22 days (range 17–28 days)
and 21 days (range 4–28 days) for interferon alpha.
Overall response was 57% (CR 14%; PR 43%).
Progression-free survival was 1.5 months (range
�1–32� months) with a median OS of 1.5 months
(range 1–32� months).

Experience with retinoids as a single agent or in
combination with interferon alpha and zidovudine in
patients with ATL has been limited. Less than 15 ATL
patients have been treated,104–109 with only 1 patient
with concomitant acute promyelocytic leukemia and
smouldering ATL achieving a CR.104 It is unclear
whether improved efficacy may be obtained on com-
bining retinoids with chemotherapy or novel targeted
therapies.

TOPOSIOMERASE INHIBITORS
Conventional topoisomerase II inhibitors, such as the
epipodophyllotoxins (e.g., etoposide) and the anthra-
cyclines (e.g., doxorubicin), have been administered to
patients with ATL, usually as part of a multiagent
chemotherapy regimen (see above) (Table 63.2).110

Irinotecan hydrochloride
Irinotecan hydrochloride  (CPT-11), a camptothecin
derivative, is a prodrug that is converted to the active
compound SN-38, which in turn inhibits topoisomerase
I. CPT-11 was evaluated in a phase II study involving 13
patients (3 acute and 10 lymphoma) with relapsed or
refractory ATL.111 Median age was 63 years (range 44–78
years). The OR rate was 38.5% (CR 7.7%; PR 30.8%) with
a median response duration of 31 days. All responders
had lymphoma subtype. Grade 3 or 4 toxicities included
leukopenia (66.7%), thrombocytopenia (41.7%), anemia
(33.3%), and diarrhea (46.2%). One treatment-related
death occurred.

Sobuzoxane
Sobuzoxane (MST-16), a topoisomerase II inhibitor, is
an orally administered bis(2,6-dioxopiperazine) analog
prodrug that is converted to the active metabolite
ICRF-154.112 MST-16 has been administered to 24
patients with ATL (13 acute, 8 lymphoma, and 2
chronic) in a dose-escalating phase I/II study.113

Median age was 55 years (range 41–76 years). Twenty-
five percent of patients had been previously treated. Of
the 23 evaluable patients, OR rate was 43.5% (CR

8.7%; PR 34.8%); all responses occurred in previously
untreated patients. Responses were observed mostly in
patients who received MST-16 at doses of 1200–1600
mg/day. Median duration of responses was 282 days
and 41 days for patients who achieved a CR and PR,
respectively. Common grade 3 or 4 toxicities included
reversible leukopenia (80%) and anemia (26.1%). 

Based on the findings of the phase I/II study, MST-
16 has been evaluated at a dose of 1600 mg/day.114

Preliminary results in six patients with ATL (subtype
not specified) have been presented.114 Median age was
47 years (range 41–76 years). Only one patient had
received prior therapy. Overall response rate was
66.7% (CR 33.3%; PR 33.3%) with a median response
duration of 5 months. The major toxicity was myelo-
suppression.

MONOCLONAL ANTIBODIES
Anti-Tac antibodies
Unmodified anti-Tac monoclonal antibodies
Nineteen patients with ATL (11 acute, 4 lymphoma,
and 4 chronic) were treated with an unmodified murine
anti-Tac monoclonal antibody.115 Nine patients were
previously untreated. Therapy was relatively well toler-
ated. Three of six responding patients developed
human antimurine antibodies (HAMA) against the anti-
Tac antibody. An OR rate of 32% (CR 11%; PR 21%) was
achieved with response durations of 9 weeks to over 3
years. Responses were seen in patients with lymphoma
(n 
 2), chronic (n 
 3), and acute (n 
 1) subtypes;
only two were previously treated and four had soluble
IL-2R levels of less than 10,000 U/mL. To overcome lim-
itations with murine antibodies, including a short cir-
culating half-life in humans, increased immunogenic-
ity with repeated dosing, and relatively ineffective
recruitment of host antibody-dependent cellular cyto-
toxicity, a humanized anti-Tac antibody (daclizumab)
was developed.116,117 Anecdotal reports of remissions in
patients with chronic and smouldering forms of ATL
treated with daclizumab have been observed.118

Therefore, single-agent daclizumab is currently being
evaluated in patients with ATL in a phase I/II study. 

Radiolabeled anti-Tac monoclonal antibodies
Yttrium-90 radiolabeled murine anti-Tac antibody
has been administered to 18 patients with ATL (11
acute, 2 lymphoma, and 5 chronic) in a phase I/II
study.119 Eight patients were previously untreated.
Five of nine responding patients developed HAMA
against the anti-Tac antibody. Grade 3 or 4 toxicities
consisted of myelosuppression (67%), transient
hepatotoxicity (17%), and renal toxicity (6%). An OR
rate of 56% (CR 12%; PR 44%) was achieved with
response durations of 1 month to over 33 months.
Responses were seen in patients with chronic (n 
 3)
and acute (n 
 6) subtypes; only three were previ-
ously treated and five had soluble IL-2R levels of less
than 10,000 U/ml.
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therapies, every possible attempt should be made to
enroll patients with chronic, acute, and lymphoma-
tous ATL onto investigational clinical trials. 

For patients who are not candidates or cannot be
enrolled onto a clinical trial, the following approach
may be considered. Because of the lack of proven effec-
tive therapy and relatively long survival, patients with
smouldering ATL should be observed until signs of dis-
ease progression. In order to minimize treatment-related
toxicities and mortality, patients with low-risk chronic
ATL should not receive chemotherapy, but may benefit
from therapy with AZT and interferon alpha or mono-
clonal IL-2R antibodies. For patients with high-risk
chronic, acute, or lymphomatous ATL, chemotherapy
with anthracycline-based regimen or combination of
AZT and interferon alpha should be instituted in an
attempt to achieve a CR or PR. Patients with chemosen-
sitive disease and a suitable donor should proceed with
an allogeneic transplant. For patients with no response,
progressive disease, or relapsed disease, investigational
agents against novel targets (previously described)
should be considered. Since most patients relapse after
chemotherapy or AZT and interferon alpha therapy,
patients who achieve a CR and are not candidates for or
do not wish to receive an allogeneic stem cell transplant,
some form of maintenance therapy should be consid-
ered, such as AZT and interferon alpha (after chemother-
apy), or monoclonal IL-2R antibodies. All patients
should receive prophylaxis against Pneumocystis carinii
pneumonia, and should be evaluated for prophylaxis
against fungal, viral, and Strongyloides infections.

665

SUPPORTIVE CARE

Patients with ATL often present with infectious com-
plications (i.e., bacterial, fungal, protozoal, and/or
viral) at diagnosis (Table 63.1).15 Infectious complica-
tions at diagnosis were observed less frequently in the
lymphoma subtype than all other subtypes (P � 0.01),
suggesting that this subset of patients may be less
immunosuppressed.15 Several mechanisms have been
reported to account for this immunodeficient state,
including impaired cytotoxic function of HTLV-1-
infected CD8� lymphocytes, modulation of helper 
T-lymphocyte responses with predominantly a TH1
cytokine response, and suppressed production of T
lymphocytes in the thymus in HTLV-1-infected indi-
viduals.120–122

Prevention of opportunistic infections is, therefore,
crucial to improving survival in ATL. Prophylactic co-
trimoxazole is effective in reducing the incidence of
Pneumocystis carinii pneumonia in patients with ATL.
Stool should be screened for Strongyloides at diagnosis,
and patients with positive cultures treated. These
patients may require prolonged prophylaxis against
Strongyloides. Similarly, prophylaxis against fungal and
viral infections should be considered. 

SUMMARY

There is currently no curative or proven effective ther-
apy for ATL. Given the poor results with conventional

9. Cleghorn FR, Manns A, Falk R, et al.: Effect of human 
T-lymphotrophic virus type I infection on non-Hodgkin’s
lymphoma incidence. J Natl Cancer Inst 87:1009, 1995.

10. Tajima K: The 4th nation-wide study of adult T-cell
leukemia/lymphoma (ATL) in Japan: estimates of risk
of ATL and its geographical and clinical features. The
T- and B-cell Malinancy Study Group. Int J Cancer
45:237, 1990.

11. Maloney EM, Cleghorn FR, Morgan OS, et al.: Incidence
of HTLV-I associated myelopathy/tropical spastic para-
paresis (HAM/TSP) in Jamaica and Trinidad. J Acquir
Immune Defic Syndr Hum Retrovirol 17:167, 1998.

12. Okamoto T, Ohno Y, Tsugane S, et al.: Multi-step car-
cinogenesis model for adult T-cell leukemia. Jpn J
Cancer Res 80:191, 1989.

13. Osame M, Izumo S, Igata A, et al.: Blood transfusion
and HTLV-I associated myelopathy. Lancet ii:104, 1986.

14. Chen Y-C, Wang C-H, Su I-J, et al.: Infection of HTLV
type I and development of human T-cell leukemia/lym-
phoma in patients with hematologic neoplasms: a pos-
sible linkage to blood transfusion. Blood 74:388, 1989.

15. Shimoyama M, and members of The Lymphoma Study
Group (1984–1987): Diagnostic criteria and classifica-
tion of clinical subtypes of adult T-cell leukemia-
lymphoma: a report from The Lymphoma Study Group
(1984–1987). Br J Haematol 79:428, 1991.
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Non-Hodgkin’s lymphoma (NHL) is the fifth most
common cancer among men and women with a
projected incidence of over 54,000 new cases in the
United States in 2004.1 Many patients with NHL
can be cured today with frontline combination
chemotherapy and/or radiotherapy. However, for
patients with suboptimal responses to initial therapy
or for patients with relapsed or refractory disease, sal-
vage therapy alone is typically inadequate to achieve
long-term survival.2,3 Fortunately, high-dose
chemotherapy (HDC) with autologous hematopoietic
cell transplantation (AHCT) offers curative potential.
Dose-intensive treatment has unequivocally been
shown to be the treatment of choice for patients with
relapsed, chemosensitive, intermediate-grade lym-
phomas, and recent data have shown that a certain
subset of these patients benefit from AHCT while in
first remission. Until recently, HDC had not consis-
tently yielded durable responses for patients with
relapsed indolent lymphoma but new data showing a
survival advantage was recently reported.4 However,
the role of AHCT and the appropriate timing in such
entities as mantle cell lymphoma (MCL), the T-cell
lymphomas, and high-grade lymphomas remains
controversial. This chapter will discuss the application
of HDC with AHCT in NHL and review emerging
advances such as the role of rituximab (RTX) for in
vivo purging and posttransplant maintenance therapy
and the use of radioimmunotherapy (RIT) in the
preparative regimen.

RATIONALE FOR HIGH-DOSE 
CHEMOTHERAPY

The rationale for high-dose cytotoxic chemotherapy
stems from the steep dose-response curve of alkylating
agents and radiotherapy (RT) and tumor cell response
in human tumors.5,6 Doubling the dose of alkylating
agents increases tumor cell kill by a log or more and

utilizing a 5- to 10-fold increase in the dose of alkylat-
ing agents overcomes the resistance of tumor cells
against lower doses.7 HDC also aims to destroy the
tumor cells in an expediently timely manner to pre-
vent the emergence of resistant clones. The observa-
tion that increasing doses of alkylating agents con-
ferred a decreased survival of murine lymphoma cells
in vivo provided initial evidence of a dose-response
curve specifically in tumor cells of lymphoid origin.8

In 1978, investigators from the National Cancer
Institute were the first to report the use of HDC fol-
lowed by autologous hematopoietic cell transplanta-
tion (AHCT) for patients with relapsed lymphoma.9

These encouraging results were the initial clinical evi-
dence that has led to the widespread application of
this aggressive treatment modality.

INTERMEDIATE/AGGRESSIVE LYMPHOMA

AHCT is curative in a subset of patients with relapsed
intermediate-grade lymphoma and is considered a
standard therapy for patients with chemosensitive
disease at first relapse. In 1987, Philip et al. reported
the prognostic significance of chemosensitivity to sal-
vage therapy prior to autologous stem cell transplan-
tation in patients with recurrent or refractory NHL.10

This multi-institutional study accrued 100 patients
with either primary refractory, sensitive relapse or
resistant relapse. The actuarial 3-year disease-free sur-
vival (DFS) was 0% in the primary refractory group,
14% in the resistant relapse group, and 36% in the
sensitive relapse group. Subsequently, the PARMA
study in 1995 was the pivotal randomized phase III
trial that unequivocally demonstrated the benefit of
dose-intensive chemotherapy over conventional sal-
vage treatment.11 A total of 215 patients with inter-
mediate-grade (n 
 163) and high-grade (n 
 52) NHL
in first or second relapse initially received DHAP (dex-
amethasone, cytarabine, cisplatin) as salvage therapy.
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surgery, and/or RT with only 20% of patients proceed-
ing to AHCT.15 Relapse within 12 months from diag-
nosis, elevated serum LDH, advanced stage, and poor
performance status represented independent prognos-
tic factors for PFS and OS for patients with chemosen-
sitive disease and for those who proceeded to AHCT.
Similar to the PARMA findings, this analysis also
demonstrated that the T-cell phenotype was not a neg-
ative prognostic factor. Caballero et al. reported the
results of 452 patients, who received HDC, from the
GEL-TAMO Cooperative Group .16 Approximately half
of the patients had active disease with 32% being in
first complete remission (CR) and 19% in second CR.
The three variables that significantly influenced DFS
and OS were number of prior regimens to reach first
CR, disease status at transplant (first CR vs � second
CR), and total body irradiation (TBI) in the condition-
ing regimen. Patients who received chemotherapy
only experienced significantly longer PFS and OS
although a higher percentage of patients in the TBI
group had progressive disease prior to AHCT. As seen
in the Memorial Sloan Kettering analysis, the age-
adjusted IPI at transplantation was also predictive of
OS. Not surprisingly, response to transplant predicted
OS with patients who achieved a CR posttransplant
experiencing a 64% OS compared to 17% and 4% for
partial remission (PR) and nonresponding patients,
respectively.

HIGH-DOSE CHEMOTHERAPY IN FIRST
OR PARTIAL REMISSION

The application of AHCT to patients with NHL as
frontline therapy has been explored by several
investigators based primarily on the success of this
treatment modality in the chemosensitive relapse
setting (see Table 64.1). Encouraging results have
been reported in some but not all studies most likely
due to the fact that the published trials are hetero-
geneous with respect to patient selection, timing of
transplantation, choice of induction and condition-
ing regimens, length of induction phase, remission
status requirements, and nonuniform histologic
subtypes.

The LNH87-2 trial by the GELA (Groupe d’Etude des
Lymphomes de Adulte) group was a phase III trial that
enrolled 916 patients with intermediate- and high-
grade lymphoma in first CR with one or more unfa-
vorable prognostic factors who received induction
treatment using the LHN84 protocol.24 Only those
patients who achieved a CR (61%, n 
 541) were ran-
domized to receive sequential chemotherapy or pro-
ceed to autologous stem cell transplantation. Initial
analysis revealed no difference in DFS and OS between
the two consolidative treatment arms. However, a sub-
set analysis of the higher risk population who had two
or three risk factors favored the autologous stem cell

The 109 patients who responded were randomized to
autologous stem cell transplantation versus addi-
tional courses of DHAP. After 5 years of follow-up, the
final analysis clearly favored the autologous stem cell
transplantation arm in terms of event-free survival
(46% vs 12%, p 
 0.0001) and overall survival (53%
vs 32%, p 
 0.038). The 90 patients who did not
respond to salvage therapy and who were not ran-
domized experienced a dismal 5-year overall survival
(OS) of only 11%.

Subsequent updates from the PARMA trial have ret-
rospectively examined certain patient characteristics
to identify factors of predictive value. Time to relapse
(relapse within 12 months vs later than 12 months)
and elevated lactate dehydrogenase (LDH) levels at
relapse were features with negative prognostic value,
whereas time to relapse was also a powerful prognostic
factor for both OS and progression-free survival
(PFS).12 Interestingly, T-cell immunophenotype and
large tumor size, frequently considered adverse prog-
nostic factors, were not found to negatively influence
outcome. The International Prognostic Index (IPI) was
also used retrospectively as a prognostic model at the
time of relapse and was highly predictive of both
response and OS in the PARMA trial.13 Blay et al.
reported that the IPI at relapse highly correlated with
OS for patients in the DHAP arm but not for patients in
the transplant arm. For the DHAP-treated patients, the
5-year OS was 48% for patients with an IPI of 0 com-
pared to 0% for patients with an IPI of 3. For patients
who underwent BMT, the 5-year OS showed little vari-
ance ranging from 47 to 51% among all IPI risk groups.
However, for patients with an IPI � 0, a survival
advantage was seen in favor of the BMT arm when
compared to the DHAP arm. Thus, patients in the low-
risk group fared well regardless of the therapy adminis-
tered with a median survival of 56 months after relapse
in both arms. 

The group from Memorial Sloan Kettering Cancer
Center also evaluated the prognostic significance of
the secondary age adjusted IPI in 150 patients with
relapsed or primary refractory diffuse large cell lym-
phoma (DLCL) who received ICE (ifosfamide, carbo-
platin, etoposide) as second-line chemotherapy.14 The
PFS and OS were 70 and 74% for low-risk patients (0
factors) compared to 16 and 18%, p � 0.001, respec-
tively, for high-risk patients at the time of relapse.
Specifically, for patients with ICE-chemosensitive dis-
ease, the OS rates were 83 and 26% for the low-risk and
high-risk groups, respectively (p � 0.001), demonstrat-
ing that high-risk patients fare poorly regardless of
chemosensitivity. Thus, the secondary age-adjusted IPI
appeared to hold more prognostic value compared to
chemosensitivity as this clinical index may actually be
more reflective of disease biology. 

Gugliemi et al. examined risk factors retrospectively
in 474 patients with DLCL at relapse who received var-
ious salvage regimens including chemotherapy,



Table 64.1 Randomized trials of autologous hematopoietic cell transplantation for newly diagnosed aggressive NHL

Inclusion Age adjusted Time of No. of DFS/PFS OS 
Group/Year criteria IPI randomization patients Treatment (%) p (%) p Years Comments

GOELAMS17 Aggressive NHL low, low int, At diagnosis 99 CHOP � 8 37a 0.037 44b 0.001 5 AHCT 
2004 Stage 3 or 4 high int 98 Induction, BEAM 55 74 hi int risk pts

Stage 2 bulky

Italian coop group18 DLCL, PTCL high int, high At diagnosis 75 MACOPB � 12 weeks 65 0.21 65 0.95 5 No difference
2003 ALCL 75 MACOPB � 8 weeks, 77 64 

BEAM

GELA19 DLCL,PTCL hi int, high At diagnosis 181 ACVBP � 4 � seq chemo 52 0.01 60 0.007 5 AHCT inferior
2002 High grade NHL 189 CEOP � ECVBP � BEAM 39 46

German NHL group20 Aggressive NHL nr Response to 154 CHOEP � 5 49 0.22 63 0.68 3 No difference
2002 Stage II–IV induction 158 CHOEP � 3, BEAM 59 62

High LDH

EORTC21 Aggressive NHL low, low int Response to 96 CHVmP/BV � 5 56 ns 77 ns 5 No difference 
2001 Stage II–IV induction 98 CHVmP/BV � 3, BEAM 61 68

GELA22 Aggressive NHL high int, high CR after 111 LNH-84 39 0.02 49 0.04 8 AHCT benefits
2000 induction 125 LNH-84 � BEAM 55 64 higher risk IPI

Milano group23 DLCL high int, high At diagnosis 50 MACOPB � 12 weeks 49b 0.004 55 0.09 7 Improved EFS
1997 48 High dose sequential 76 81 with AHCT

NHL: non-Hodgkin’s lymphoma; GOELAMS: Groupe Ouest-Est des Leucemies et des Autres Maladies du Sang; IPI: international prognostic index; DFS: disease-free survival; OS: overall
survival; int: intermediate; CHOP: cyclophospamide, doxorubicin, vincristine, prednisone; AHCT: autologous hematopoietic cell transplantation; BEAM: carmustine, etoposide, cytara-
bine, melphalan; coop: cooperative; DLCL: diffuse large cell lymphoma; PTCL: peripheral T-cell lymphoma; ALCL: anaplastic large cell lymphoma; MACOPB: methotrexate, doxorubicin,
cyclophosphamide, vincristine, prednisone, bleomycin; GELA: Groupe d’Etude des Lymphomes de Adulte; ACVBP: doxorubicin, cyclophosphamide, vindesine, bleomycin, prednisone;
CEOP: cyclophosphamide, epirubicin, vincristine, prednisone; ECVBP: epirubicin, cyclophosphamide, vindesine, bleomycin, prednisone; LDH: lactate dehydrogenase; CHOEP: cyclophos-
phamide, doxorubicin, vincristine, etoposide, prednisone; EORTC: European Organization for Research and Treatment of Cancer; CHVmP/BV: cyclophosphamide, doxorubicin,
Teniposide, prednisone, bleomycin, vincristine; LNH-84: doxorubicin, cyclophosphamide, vinblastine, bleomycin or mitoxantrone, cyclophosphamide, vinblastine, bleomycin; nr: not
reported; ns: not significant.
aevent-free survival; EFS: event-free survival. 
boverall survival for high intermediate risk patients. 



transplantation arm for both DFS and OS at 8 years
(55% vs 39%, p 
 0.02 and 64% vs 49%, p 
 0.04,
respectively).22 The LNH93-3 study, which accrued
between 1993 and 1995, was a follow-up randomized
trial that was eligible only to patients in the high-
intermediate- or high-risk age-adjusted IPI prognostic
categories.25 With the intention of improving upon
the 61% CR rate seen in the earlier trial, a novel abbre-
viated, intense firstline regimen that incorporated
HDC at day � 60 was administered. A total of 370
patients were randomized either to receive full stan-
dard induction course or a short induction phase with
a debulking course followed by two cycles of standard
therapy before receiving AHCT. Patients in the trans-
plant arm experienced both inferior OS and EFS with
the early closing to accrual in 1996 due to the poor
results. A final update published in 2002 reported the
continued inferiority in terms of EFS and OS in the
transplant arm with a 5-year median follow-up.19 The
shortened induction phase in the HDC arm was
thought to contribute to the negative outcome. A
recent retrospective analysis from the GELA group
pooled the data of 330 patients from the LNH-87 and
LNH-93 trials to estimate the prognostic effect of clin-
ical and biologic variables. Only the patients who
obtained a CR prior to transplantation were included.
T-cell phenotype, more than one extranodal site, or
bone marrow (BM) involvement were adverse prog-
nostic factors for both DFS and OS. The age-adjusted
IPI was of no prognostic value.26

Other studies utilizing abbreviated standard induc-
tion therapy also showed no benefit of HDC over stan-
dard therapy. The German High Grade Non-Hodgkin’s
Lymphoma Study Group randomized 312 patients all
younger than 60 years and with elevated serum LDH
levels who obtained at least a PR to standard therapy.20

Both arms received consolidative involved field radia-
tion therapy (IFRT). With a median follow-up of 46
months, there was no difference in EFS or OS between
the conventional and transplant groups (EFS: 49% vs
59%, p 
 0.22; OS: 63% vs 62%, p 
 0.68) even among
the high-intermediate- and high-risk subgroups. A
phase III European Organization for Research and
Treatment of Cancer trial of 194 patients with respon-
sive disease yielded similar results.21 With a median
follow-up of 53 months, an intent to treat analysis also
showed no benefit in terms of disease progression
between the two treatment arms, and a subset analysis
of the IPI risk groups also failed to yield an advantage
for the experimental group.

As with the LNH93-3 trial, Martelli et al. also
sought to assess the role of early intensification with
HDC and AHCT as frontline therapy but restricted
accrual to patients with intermediate-high- or high-
risk patients according to the age adjusted IPI.18

Seventy-five patients received the standard MACOP-B
(methotrexate, doxorubicin, cyclophosphamide, vin-
cristine, prednisone, bleomycin) regimen for 12

weeks or MACOP-B for 8 weeks prior to autologous
HCT. An intent to treat analysis demonstrated no dif-
ference in 5-year PFS and OS. These results may be
somewhat confounded by the fact that 44% of the
patients in the conventional chemotherapy arm
received AHCT postrelapse and 40% of the patients in
the transplant arm actually did not receive a trans-
plant for reasons including progression and patient
refusal.

The recently published French GOELAMS (Groupe
Ouest-Est des Leucemies et des Autres Maladies du
Sang) study is the first large randomized trial that
included all age-adjusted IPI risk groups except the
high-risk group since it was known that the use of
standard CHOP (cyclophosphamide, doxorubicin,
vincristine, prednisone) in this group tended to yield
poor outcomes.17 A total of 197 patients were ran-
domized to full course CHOP  or CEEP (cyclophos-
phamide, epirubicin, vindesine, prednisone) for two
cycles followed by an intensification regimen with
high-dose methotrexate and cytarabine before pro-
ceeding to transplant. With a median follow-up of 4
years, the estimated 5-year EFS clearly favored the
transplant arm over the chemotherapy arm (55% vs
37%, p 
 0.037) but did not translate into an OS
advantage except among the patients in the high-
intermediate group. The patients in this particular
subgroup experienced both an improved EFS (56% vs
28%, p 
 0.003) and OS (74% vs 44%, p 
 0.001)
favoring the transplant arm (see Figures 64.1 and
64.2).

Before the IPI was widely utilized, two Italian
groups conducted randomized trials enrolling
patients with high risk-features such as bulky or
advanced-stage disease.23,27 There were favorable
trends with regards to freedom from progression or
DFS but no advantages were seen in OS. For patients
who are considered slow responders to up-front
chemotherapy, AHCT does not appear to benefit this
group. Two randomized trials from the Netherlands
and Italy failed to show a survival advantage with early
AHCT.28,29

Based on the array of published evidence regarding
AHCT for first-line therapy in aggressive NHL, it
appears that patients in the high-intermediate- or
high-risk age-adjusted IPI categories experience better
outcomes with AHCT upfront but only when this
strategy is applied after a full course of induction ther-
apy for maximal cytoreduction. RTX was not available
at the commencement of these trials so the impact of
the combination of RTX with CHOP on transplant
outcome has not been assessed. Thus, the potential
impact of incorporating RTX in both the control and
transplant arms is an area of ongoing investigation.
Many of the above studies were also plagued by high
dropout rates in the transplant arms and the use of
transplant for salvage in the control arm, which also
confounded outcome data. 
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MANTLE CELL LYMPHOMA

MCL represents 5–10% of all lymphoma cases and is
characterized by the t(11;14) translocation resulting in
rearrangement of the bcl-1 locus and cyclin D1 protein
overexpression.30–32 Patients with MCL typically pre-
sent with advanced-stage disease and carry a median
overall survival of only 3 years despite high initial
response rates.31 Thus, the absence of curative therapy
has led to the increased application of HDC with
AHCT as part of frontline therapy and as early salvage
treatment for relapsed disease (see Table 64.2).
Although numerous published studies have demon-
strated high initial rates of CR, plateaus in the survival
curves are yet to be convincingly demonstrated, espe-
cially for patients transplanted beyond first CR. The
MD Anderson Cancer Center Group administered
intensive induction therapy with the hyperCVAD
(cyclophosphamide, doxorubicin, vincristine, pred-
nisone, cytarabine, methotrexate) regimen followed
by AHCT to 25 patients as frontline therapy and to 20

previously treated patients.40 The 3-year EFS and OS
rates were 72% and 92%, respectively, for the newly
diagnosed patients compared to only 17 and 25% for
the previously treated patients. A historical control
group that received a CHOP-like regimen without
AHCT had a median 3-year EFS of only 28%. The prog-
nostic significance of remission status was also con-
firmed in a large retrospective analysis of 195 patients
from the European Bone Marrow Transplant Group
(EBMT) and Autologous Bone Marrow Transplant
Registry (ABMTR).34 The 5-year PFS and OS rates for all
patients were 33 and 50%, respectively. Patients who
were transplanted beyond first CR were nearly 3 times
more likely to succumb to relapse than patients trans-
planted in first remission. The combined Stanford/City
of Hope experience also demonstrated better outcomes
for first CR patients as the median time to relapse was
32 months compared to 11 months for patients trans-
planted beyond first CR.37 However, late relapses were
seen in both groups of patients. This trial also found
that the number of prior chemotherapy regimens and
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Figure 64.1 Event-free survival among
patients with a high-intermediate risk
according to the age-adjusted
International Prognostic Index. (CHOP
denotes cyclophosphamide, doxorubicin,
vincristine, prednisone.) (Copyright 2004,
Massachusetts Medical Society, from
Milpied et al.25 All rights reserved) 

Figure 64.2 Overall survival among
patients with a high-intermediate risk
according to the age-adjusted
International Prognostic Index. (CHOP
denotes cyclophosphamide, doxorubicin,
vincristine, prednisone.) (Copyright 2004,
Massachusetts Medical Society, from
Milpied et al.25 All rights reserved) 



the use of TBI in the preparative regimen did not
improve survival which was in contrast to a French
study that reported significantly improved DFS for
patients who received TBI-based conditioning regi-
mens.41 Investigators from the University of Nebraska
reported a 2-year EFS of 35% and OS of 65% in 40 MCL
patients who were transplanted in either first CR, sen-
sitive relapse or were induction failures.42 In a multi-
variate analysis, patients who received three or more
prior regimens had a dismal 2-year EFS of 0% com-
pared with 45% for patients who received less than
three prior therapies which was in contrast to the
Stanford/City of Hope findings regarding impact of
prior therapies. 

The Nordic Lymphoma Group also tested an aug-
mented CHOP induction regimen followed by AHCT
as primary therapy.36 Only patients who responded
after three cycles of CHOP proceeded to transplanta-
tion. In an intent to treat analysis, the 4-year failure-
free survival (FFS) and OS rates were 15% and 51%,
respectively. Chemosensitivity was a favorable prog-
nostic factor as patients transplanted in CR experi-
enced a statistically significant improved FFS and OS
compared to PR patients. Interestingly, tumor cell con-
tamination was measured in the autografts and no cor-
relation was seen between the number of tumor cells
reinfused and outcome. 

In a similar fashion, a French group also incorpo-
rated AHCT after CHOP chemotherapy but only for
slow responders.38 Patients who achieved less than a
CR received DHAP for intensification before proceed-
ing to AHCT. The 3-year EFS and OS rates were 83%
and 90%, respectively, with a median follow-up of 4
years. The EFS incidence was particularly notable since

patients with mantle zone histology, a known favor-
able prognostic factor, were excluded and a majority of
patients had an increased beta-2 microglobulin level, a
reported poor prognostic factor.43

Because of the continuous patterns of relapse seen
in all of the above mentioned studies, alternative
strategies have been explored including the use of RTX
during mobilization for the purposes of in vivo purg-
ing due to the concern that autologous grafts contam-
inated by tumor cells can potentially contribute to
relapse. The role of RTX as maintenance therapy after
AHCT to eradicate minimal residual disease (MRD) is
also the subject of active investigation. Magni et al.
treated seven patients with four doses of RTX in com-
bination with high-dose sequential chemotherapy
with autologous stem cell support and successfully
obtained polymerase chain reaction (PCR)-negative
leukapheresis products.44 The Milan Group recently
published some of the most encouraging results to
date in 28 previously untreated patients who received
standard dose debulking chemotherapy followed by
four cycles of sequential chemotherapy in which
autologous stem cell support was provided after the
last three cycles.35 RTX was included in three of four
cycles including the mobilization cycle. The OS and
EFS rates at 54 months were 89% and 79%, respec-
tively, with 24 of 27 evaluable patients remaining in
continuous CR. These results compared much more
favorably to a historical control group that had an OS
of 42% and EFS of 18% and to previously published
trials. This technique of combining RTX with high-
dose sequential chemotherapy proved to be an effec-
tive method of in vivo purging as leukapheresis prod-
ucts from 20 informative patients were PCR negative.
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Table 64.2 Autologous hematopoietic cell transplantation for mantle cell lymphoma

Group/Year n Status Regimen PFS/EFS (%) OS (%) Years

Canadian multicenter33 20 Newly diagnosed CHOP then CBV 89 88 3
2004

EBMT34 195 � CR1 including BEAM or BEAC 33 50 5
2003 refractory or CBV or others

Milan group35 28 Newly diagnosed High dose 79 89 4.5
2003 sequential

Nordic Lymphoma Group36 27 Newly diagnosed CHOP then BEAM 15 61 4
2003

Stanford/City of Hope37 69 CR1 TBI/VP/CY or 50 74 5
2002 � CR1 CBV 21 51 5

French multicenter38 23 Newly diagnosed CHOP � DHAP 83 90 3
2002 then TBI/ara-C/Mel

FHCRC39 16 Relapsed CY/tositumomab 61 93 3
2002

PFS/EFS: progression-free survival/event-free survival; OS: overall survival; CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone;
CBV: cyclophosphamide, carmustine, etoposide; EBMT: European Bone Marrow Transplant Group; CR1: first complete remission; BEAM: car-
mustine, etoposide, cytarabine, melphalan; BEAC: carmustine, etoposide, cytarabine, cyclosphosphamide; TBI: total body irradiation, VP:
etoposide; CY: cyclophosphamide; ara-C: cytarabine; Mel: melphalan; CRC: cancer research center.



A multicenter trial from Canada also produced similar
results when RTX was incorporated during mobiliza-
tion and as posttransplant maintenance therapy.33

With an impressive 80 months of follow-up, the PFS
and OS rates were 89% and 88%, respectively. The fea-
sibility of combining radiolabeled antibody therapy
with AHCT was explored by the Seattle Group.39

Tositumomab (131I-labeled CD20-specific monoclonal
antibody) was added to high-dose cyclophosphamide
and etoposide in 16 heavily pretreated MCL patients.
The CR and overall response rates were 91% and 100%,
respectively, with a 3-year PFS and OS of 61% and 93%,
respectively. These were unexpectedly favorable out-
comes since most patients had received greater than
three prior regimens or were chemorefractory at the
time of transplant. 

FOLLICULAR NHL

For patients with follicular NHL, several studies have
shown improved DFS but one recently published study
has also shown an advantage for OS (see Table 64.3).
EBMT conducted a randomized trial known as the CUP
Trial in which 140 patients with relapsed follicular
NHL were randomized to either chemotherapy alone,
AHCT with a purged autograft using monoclonal anti-
bodies, or AHCT with an unpurged autograft.4 With a

median follow-up of 69 months, the patients who
received AHCT, purged or unpurged, showed a signifi-
cantly higher 2-year PFS and OS compared to the
chemotherapy patients. There was no difference
between the two AHCT arms in these endpoints. OS
rates  at 4 years for the chemotherapy arm, unpurged
AHCT arm, and purged AHCT arm were 46%, 71%,
and 77%, respectively. The 2-year PFS was 26%, 58%,
and 55%, respectively. There was a significant reduc-
tion in hazard rates for both PFS and OS when a com-
parison was performed between the chemotherapy
patients and the combined groups of autologous
AHCT patients (see Figures 64.3 and 64.4). 

As with conventional chemotherapy, the outcome
for patients who receive AHCT is related to the number
of prior chemotherapy regimens received. Three retro-
spective studies have shown that patients with follicu-
lar lymphoma (FL) undergoing AHCT who had
received more than three prior chemotherapy regi-
mens showed inferior survival compared to patients
treated with less than three prior regimens.49,52,53

In a large retrospective series of 904 patients from
the International Bone Marrow Transplant Registry
(IBMTR), 67% of patients underwent AHCT with an
unpurged graft, 14% received a purged graft, and 19%
received a myeloablative allogeneic HCT.54 The 5-year
OS rates of 55%, 62%, and 51%, respectively, were
comparable between all three groups despite a markedly
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Table 64.3 Autologous hematopoietic cell transplantation for follicular NHL

Preparative DFS/PFS OS TRM Incidence of secondary
Group/Year n regimen Stem cell source (%) (%) Years (%) MDS/AML (%)

First Remission
GITMO45 80 High dose PBPC 67 84 4 2 4
2002 sequential
Stanford/COH46 37 TBI/VP/CY purged BM 70 86 10 5 5
2001
GOELAMS47 27 CY/TBI purged BM 55 64 nr 7 nr
2000

Relapsed
CUP (randomized)4 24 CHOP � 6 na 26 46 4a 0 nr
2003 33 CHOP � 3, CY/TBI BM 58 71 9

32 CHOP � 3, CY/TBI purged BM 55 77 6
FHCRC48 27 tositumomab purged BM or PBPC 48 67 5 4 7
2003
Stanford49 49 TBI/VP/CY purged PBPC 44 60 4 10 7
2001
St. Bartholomew’s50 99 CY/TBI purged BM 63 69 5 4 12
2001
Dana Farber51 153 CY/TBI purged BM 42 66 8 1 8
99
Nebraska52 100 CY/TBI, BEAC BM 44 65 4 8 2
1997

DFS: disease-free survival; PFS: progression-free survival; OS: overall survival; TRM: treatment-related mortality; MDS: myelodysplastic syn-
drome; AML: acute myelogenous leukemia; GITMO: Gruppo Italiano Trapianto Midollo Ossseo; COH: City of Hope; PBPC: peripheral blood
progenitor cell; TBI: total body irradiation; VP: etoposide; CY: cyclophosphamide; BM: bone marrow; FHCRC: Fred Hutchinson Cancer
Research Center; BEAC: carmustine, etoposide, cytarabine, cyclophosphamide; nr: not reported. 
afor overall survival only.



lower relapse rate among the allogeneic recipients. The
lower recurrence rate in the allogeneic group was offset
by a higher treatment related mortality. Negative prog-
nostic factors included advanced age, refractory dis-
ease, high LDH, BM involvement, and a poor perfor-
mance status. A direct comparison between the purged
and unpurged autologous recipients revealed a signifi-
cantly lower risk of recurrence among the purged
recipients, which contradicted the CUP trial findings
that showed no impact of purging. Patients are
assigned to a treatment strategy based on the availabil-
ity of an HLA-matched sibling. 

In a prospective manner, several groups have eval-
uated the efficacy of early intensive therapy in newly

diagnosed FL patients or patients in first remission.
Three such trials from Stanford, Dana Farber, and the
GOELAMS group utilized HDC with TBI and ex vivo
antibody purging of the autograft.46,47,55 With a
median follow-up of 5–6 years for all three trials, the
OS approached 90% in the first two trials with the lat-
ter trial reporting an OS of 64%. The latter trial
accrued older patients and patients with higher
tumor burdens. An Italian multicenter group trans-
planted 111 patients, most being in first remission
and who received unmanipulated grafts.56 Relapse-
free survival and OS were superior compared to con-
ventional chemotherapy with the patients trans-
planted in second CR experiencing almost a twice as
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Figure 64.3 Progression-free survival for
patients randomized to three arms in the CUP
trial. (CUP denotes chemotherapy, unpurged
autograft, purged autograft.) (Reprinted with
permission for the American Society of Clinical
Oncology from Schouten et al.4)

Figure 64.4 Overall survival for patients
randomized to three arms in the CUP trial.3
(CUP denotes chemotherapy, unpurged auto-
graft, purged autograft.) (Reprinted with per-
mission for the American Society of Clinical
Oncology from Schouten et al.4)



high a relapse rate compared to first CR patients.
Nearly 5% of the patients, however, developed a sec-
ondary malignancy, which is similar to the previously
mentioned studies in this particular subset of
patients. Another large Italian multicenter trial
(Gruppo Italiano Trapianto Midollo Ossseo) with
newly diagnosed FL patients reported an impressive
4-year DFS and OS of 67% and 84% with high-dose
sequential chemotherapy.45 This trial demonstrated
the importance of achieving a molecular remission as
the subgroup of patients who were PCR negative for
either the bcl-2 translocation or the heavy chain (IgH)
gene rearrangement after transplant had a projected
DFS of 85%. 

There has been mounting evidence confirming the
prognostic relevance of molecular monitoring of MRD
in indolent lymphoma patients who are known to
express the bcl-2/IgH rearrangement. The attainment
of PCR negativity after transplantation appears to be
highly predictive of continued CR as shown in trials
from Dana Farber, St Bartholomew’s, University of
Heidelberg, and an Italian multicenter group.45,50,51,57

In the Heidelberg study, the relapse rate was 4.5 times
higher in patients who were PCR positive in either the
BM or peripheral blood at any given time posttrans-
plantation in comparison with PCR-negative
patients.57 The Dana Farber Group demonstrated the
negative impact of persistent PCR positivity in the
graft after in vitro purging as the 8-year freedom from
relapse was 83% in the patients who received PCR-
negative grafts compared to 19% in patients who
received PCR-positive grafts.51 In contrast, the St
Bartholomew’s trial found no correlation between PCR
status of the reinfused BM and outcome, but PCR neg-
ativity following transplantation portended a more
favorable outcome.50

Various in vitro purging methods have been utilized
to decrease or eliminate residual tumor cells from the
harvest product but are typically expensive, labor
intensive, and can be associated with substantial cell
losses. Thus, in vivo purging is a more attractive strat-
egy and RTX has recently emerged as a promising
agent for this purpose when given concurrently with
chemotherapy. Three recent studies have evaluated
the effectiveness of this combination and yielded stem
cell harvests with no PCR-detectable disease in the
graft.44,58,59 One such study by Magni et al. evaluated
15 patients with MCL or FL who were given two cycles
of intensive chemotherapy with two doses of RTX.44

Ninety-three percent of the patients who received RTX
had PCR-negative harvests compared to only 40% of
the patients who had received the identical
chemotherapeutic regimen without RTX. Four other
studies that incorporated RTX specifically into the
mobilization regimen yielded PCR-negative harvests
ranging from 60 to 100% of the products that were
known to be PCR positive prior to collection.60–63 The
effect of in vivo purging on clinical outcome is still

unclear but should become more evident as the data
mature.

As a method to augment targeted radiation to lym-
phomatous sites while reducing toxicity to healthy
organs, the Seattle Group explored the feasibility of
administering high-dose RIT with the 131I-antiCD20
monoclonal antibody, tositumomab, with AHCT in
previously treated FL patients.48 A multivariable com-
parison was performed with FL patients who received
conventional HDC with AHCT. The RIT regimen was
well tolerated with the RIT patients experiencing sig-
nificantly superior PFS and OS compared to the histor-
ical HDC patients (PFS: 48% vs 29% and OS: 67% vs
53%, respectively). The treatment-related mortality
(TRM) risk of 3.7% compared favorably with the 11%
TRM observed in the historical HDC group.

The occurrence of histologic transformation (HT)
occurs in up to 70% of low-grade lymphoma patients
and carries a median survival of 1 year or less after
transformation with conventional chemotherapy.64–66

However, this adverse prognosis may be modified by
HDC with AHCT although this is controversial. Initial
reports from Nebraska and the EBMT reported poor
outcomes after AHCT for this subset of patients. 67,68 A
more recent update from the EBMT found similar out-
comes after AHCT for transformed patients compared
to case-matched controls with low-grade disease or de
novo high- or intermediate-grade disease.69 Increased
LDH at the time of transformation was the only
adverse predictive factor for both OS and PFS.
However, a TRM of 18% was seen which was similar to
the 20% TRM reported from the Princess Margaret
Hospital in another retrospective analysis in which
TRM was closely linked to advanced age. In the
Princess Margaret study, the median OS for the 35
transformed patients was a notable 58 months from
the time of transformation with the best outcomes
seen in patients who attained a CR prior to trans-
plant.70 The Stanford Group published a 4-year DFS of
49% and OS of 50% in 17 patients with HT, which was
similar to the updated EBMT study.49 Comparable out-
comes after transplantation also were reported by
Corradini et al. with a 10-year projected EFS of 54% for
HT patients compared to 65% for patients who
retained a low-grade histology.71 Together these data
suggest that patients with HT may benefit from dose-
intensive chemotherapy, especially patients with
chemosensitive disease, and that the occurrence of HT
does not necessarily portend a poor outcome.

PERIPHERAL T-CELL LYMPHOMA

The prognostic significance of the T-cell phenotype in
NHL is controversial but it has generally been shown
that patients with peripheral T-cell lymphoma (PTCL)
have a worse outcome compared to patients with B-cell
diffuse lymphoma72,73 when treated with conventional
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chemotherapy. It has been challenging to draw defini-
tive conclusions regarding the effect of HDC with
AHCT in this patient population due to the low inci-
dence of this subtype and the heterogeneity of the
lymphomas that fall under this classification that are
not always clearly delineated in published studies.
Rodriguez et al. of the Spanish GEL-TAMO group
(Spanish Group for Lymphoma and Autologous
Transplantation) has reported the largest series to date
of 115 patients with PTCL treated with AHCT.74 The 5-
year OS and DFS rates were 60% and 56%, respectively,
with a median follow-up of 37 months. When the out-
come of the 37 patients who were transplanted in first
remission was examined separately, OS increased to
80%, which was statistically significant. The age-
adjusted IPI and LDH at transplant were of relevant
prognostic significance in this particular study. In con-
trast, the patients with refractory disease had a 0% OS
which concurred with an EBMT report of 64 patients
of varying remission status in which most of the 8
refractory patients experienced dismal outcomes.75

Actuarial OS at 10 years was 70% for all patients. The
Princess Margaret Group and two Scandinavian studies
showed that PTCL patients of the anaplastic large cell
lymphoma (ALCL) subtype tended to experience bet-
ter outcomes after AHCT compared to the other histo-
logic subtypes under PTCL.76—78 Jantunen et al.
reported a 5-year OS of 85% for ALCL patients com-
pared to 35% for the other PTCL histologies. Song et
al. from the Princess Margaret Hospital compared 36
patients with PTCL to 97 patients with B-cell DLCL
and found no difference in EFS (37% vs 42%, respec-
tively) and OS (48% vs 53%, respectively) after AHCT.
Again, more favorable outcomes among the ALCL
patients compared to the other PTCL patients were
observed. The ALCL patients had superior survivals rel-
ative to the PTCL-not otherwise specified subgroup but
similar outcomes compared to the DLCL patients. The
Memorial Sloan Kettering series excluded ALCL
patients and also reported no difference in EFS or OS
between PTCL patients and corresponding DLCL
patients.79 The secondary age-adjusted IPI was a strong
predictor for EFS as patients in the high-intermediate-
or high-risk groups faired poorly regardless of
chemosensitivity. An MD Anderson series of 36 PTCL
patients reported the predictive relevance of the pre-
transplant IPI for OS but not for PFS with pretrans-
plant LDH affecting both PFS and OS.80 The GEL-
TAMO group also examined the impact of AHCT in 35
patients who were primary induction failures and
obtained a 5-year DFS and OS of 43% and 51%, respec-
tively, thus indicating that HDC/AHCT can rescue ini-
tial chemotherapy failures.81 On the basis of these
data, a subset of patients with PTCL may be cured with
AHCT, especially those who demonstrate chemosensi-
tive disease. The role of HDC as frontline therapy is
less clear although the limited available data show
encouraging results.

HIGH-GRADE LYMPHOMA/BURKITT’S 
LYMPHOMA

There have been few reports and no randomized stud-
ies evaluating the role of HDC/AHCT in patients with
Burkitt’s lymphoma (BL). Brief duration high-intensity
chemotherapy protocols currently confer survival
rates approaching 70% and HDC has not improved
outcome as compared to frontline therapy.82,83

Smeland et al. reported a 65% OS for newly diagnosed
BL patients treated with high-intensity chemotherapy
with a comparable 71% OS seen for patients who
underwent AHCT in first remission. The data from the
EBMT registry concurred showing a 3-year actuarial OS
of 72% for 70 adult BL patients transplanted in first
CR. For patients with chemosensitive relapse and resis-
tant disease, the OS rates were 37% and 7%, respec-
tively.84 The City of Hope reported similar results with
a 3-year DFS and OS of 60% for 10 BL patients who
received AHCT in first CR or PR.85 Thus, patients with
recurrent or refractory BL should be channeled toward
an allogeneic HCT as AHCT has been generally unsuc-
cessful in such patients.

Lymphoblastic lymphoma is a clinically aggressive
disease that accounts for only 2% of the NHLs. This
clinical entity is usually composed of precursor T cells,
has a predilection for young males, and frequently
involves the BM and/or central nervous system.86

Because of the frequent BM involvement and its
resemblance to acute lymphoblastic leukemia, allo-
geneic transplantation is typically recommended in
most cases. However, a recent retrospective analysis
from the IBMTR/ABMTR failed to find a survival
advantage for 76 patients with lymphoblastic lym-
phoma who received an allogeneic transplant com-
pared to 128 patients who received an autograft.87 The
5-year OS rates were 39% vs 44%, respectively.
Although the 5-year relapse rate was significantly
lower in the allogeneic patients (34% vs 56%, p 


0.004), the 5-year TRM was higher in the allogeneic
recipients (25% vs 5%). Independent of the source of
stem cells, multivariate analysis revealed that BM
involvement at the time of transplant and disease sta-
tus beyond first remission were associated with infe-
rior outcomes. Another retrospective analysis of 214
patients from the EBMT demonstrated superior out-
comes for patients who received an autograft in first
CR compared to patients transplanted in second CR or
patients with resistant disease.88 The 6-year actuarial
OS rates were 63%, 31%, and 15%, respectively. The
efficacy of AHCT versus conventional dose consolida-
tion as postremission therapy was studied in a
European prospective trial of 119 patients.89

Autologous transplantation produced a trend for
improved RFS but not for OS (57% and 53%, respec-
tively) when compared to conventional dose mainte-
nance therapy after 37 months of follow-up. Thus,
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both retrospective registry data and a few other series
suggest that autologous transplantation can confer
long-term remissions in a select group of patients. 

POSTTRANSPLANT CONSOLIDATION/
MAINTENANCE THERAPY

HDC with AHCT can cure nearly half of NHL patients
with chemosensitive disease and about 30% of
patients with primary refractory disease. However,
relapse still accounts for the majority of deaths in this
patient population with most relapses occurring in
sites of previous bulk disease. IFRT as adjuvant therapy
posttransplantation is a strategy that can reduce this
risk. Advantages for administering IFRT posttransplan-
tation include the ability to tailor radiation dose based
on residual disease volume, which may allow use of
lower radiation doses and avoid delaying HDC in
patients with rapidly progressive disease. The
University of Chicago group transplanted 53 patients
with relapsed/refractory NHL with 6 patients receiving
IFRT to sites of persistent disease after transplanta-
tion.90 Although the sample size was small, the IFRT
patients experienced significantly improved local con-
trol of persistent disease sites (100% vs 29%, p 
 0.01)
and had a lower incidence of recurrences in previously
active sites. Not surprisingly, the sites at greatest risk of
relapse were sites failing to achieve a CR to induction
therapy regardless of subsequent response to AHCT.
Vose et al. from Nebraska demonstrated that not
receiving IFRT either before or after transplant was an
adverse prognostic factor for OS in a series of 184
patients with NHL patients with primary refractory
disease.91 The University of Rochester group provided
AHCT to 136 relapsed/refractory NHL patients.92 Fifty-
one patients received posttransplant IFRT. Of the 58
patients transplanted with bulky disease, the 30
patients who received IFRT had a 3-year EFS of 35%
versus 16% (p 
 0.04) for the 28 patients who did not
receive IFRT. Bulky disease was defined as nodal or
extranodal disease �2 cm in diameter or �20% of mar-
row involvement with lymphoma. The patients with
nonbulky disease did not experience a survival advan-
tage with IFRT as consolidation. Unfortunately, there
are no comparative trials addressing the role of IFRT
after transplantation but IFRT should be offered as a
valuable adjunct in this setting to reduce relapse rates
in sites of previous bulk disease and to confer local
control in residual sites after transplantation.
However, potential concerns associated with IFRT
include increased incidence of pneumonitis, transient
cytopenias, and an increased risk of secondary
MDS/AML.93,94

Numerous other strategies that have been employed
to reduce the relapse risk include cytokine therapy
with IL-2, antibody-based therapies, and cellular ther-
apies involving IL-2 activated products with natural

killer cells or cytokine-induced killer cells.95–99

However, the use of the anti-CD20 monoclonal anti-
body, RTX, as maintenance therapy after transplanta-
tion to eliminate residual tumor cells is increasingly
being explored. Given its minimal toxicity profile and
non-cross-resistant mechanism with chemotherapy,
RTX has currently emerged as the most appealing
agent for adjuvant therapy posttransplantation for
patients with indolent, aggressive, and mantle cell B-
cell NHL. In a German multicenter phase II study, 20
patients with newly diagnosed FL and 10 patients with
MCL received four weekly doses of RTX at a median of
2 months posttransplant.100 The addition of RTX
increased both the complete clinical and molecular
remission rates over time. At 6 months of follow-up,
the clinical CR rate of 59% increased to 88% after 24
months of follow-up. Additionally, prior to transplan-
tation, 22% of peripheral blood or BM samples were
PCR negative. These numbers increased to 53% imme-
diately after AHCT to 72% immediately after RTX
administration and then to an impressive 100% PCR
negativity at 6 months posttransplantation. These
results indicated that clearance of MRD can continue
for several months after RTX administration. The RTX
was well tolerated with a 4% incidence of transient
leukopenia and lymphocytopenia although seven
patients developed pneumonia. B-cell peripheral
blood counts normalized approximately 12 months
after RTX consolidation therapy. Buckstein et al.
administered RTX maintenance therapy to 17 patients
with follicular NHL who had also received RTX prior to
the mobilization regimen.101 At a median of 1 year of
follow-up, all assessable patients remained in CR and
all seven patients evaluable for molecular monitoring
remained bcl-2 negative at 6 months. In this study,
four of 12 patients who received alpha-interferon
instead of RTX for maintenance relapsed at a median
follow-up of 28 months. In other published reports,
Magni et al. and Ladetto et al. demonstrated the safety
and feasibility of incorporating RTX for the purposes
of in vivo purging and post-HSCT maintenance ther-
apy in patients with B-cell NHL including follicular
NHL.44,58 A large ongoing trial in Europe conducted by
the EBMT is evaluating the roles of both in vivo purg-
ing and maintenance therapy with RTX in a multicen-
ter setting for FL patients in second or third remission.
This trial involves a four-arm randomization to either
in vivo purging and maintenance, purging without
maintenance, maintenance without purging, or no
RTX administration. 

The Stanford Group administered four weekly infu-
sions of RTX to 28 patients with NHL beginning 42
days after transplant with additional infusions given at
6 months.97 All patients had rapid depletion of B cells
with no increase in infection or significant adverse
events except for an isolated transient neutropenia that
occurred in 54% of the patients. At a median follow-up
of 30 months, the EFS and OS rates were 83% and 88%,
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respectively. These results compare very favorably
when the subgroup of 21 patients with DLCL were
compared to a historical control group of DLCL
patients who underwent AHCT without RTX mainte-
nance therapy (see Figure 64.5). The 2-year EFS and OS
rates were 58% and 62%, respectively, in the control
group. Longer follow-up and the results of an ongoing
Intergroup randomized trial will reveal the true clini-
cal benefit of RTX maintenance therapy, but initial
data speak strongly for both the safety and efficacy in
the adjuvant setting. 

RISK OF SECONDARY MYELODYSPLASIA/
ACUTE MYELOGENOUS LEUKEMIA
AFTER AUTOGRAFTING

Secondary malignancies are a known late complica-
tion after conventional and HDC with treatment-
related myelodysplastic syndrome (t-MDS) and treat-
ment-related acute myelogenous leukemia (t-AML)
being the most predominant type of secondary
malignancies observed after AHCT.102–104 This partic-
ular late effect in NHL patients following AHCT has
been extensively described by numerous groups with
the reported crude incidence varying from 3 to 12%

and the estimated actuarial risk ranging from 3 to
19% at 5–10 years.105–111 The median time from
AHCT to diagnosis of t-MDS/t-AML is approximately
2–4 years with median survival durations following
this complication being only several months.
Allogeneic transplantation salvages only a minority
of these patients. The most common associated cyto-
genetic abnormalities include aberrations of chromo-
some 5 and/or 7 or complex abnormalities that have
a strong association with cumulative doses of alkylat-
ing agents. 112,113 Topoisomerase II inhibitors such as
etoposide and doxorubicin have been associated with
11q23/21q22 abnormalities and a shorter latency
period.114,115

It is not clear whether the antecedent chemother-
apy and RT or the transplantation conditioning regi-
men has the greater impact in the development of 
t-MDS/t-AML. A case-control analysis from the ABMTR
analyzed 2739 patients with NHL or Hodgkin’s disease
who had undergone AHCT and found that the type
and intensity of prior chemotherapy contributed sub-
stantially to the development of this late complica-
tion.111 The 7-year cumulative risk of developing t-
MDS/t-AML was 3.9% with the relative risk being four
to eight times higher for patients who had received
large cumulative doses of mechlorethamine or chlo-
rambucil, respectively. The dose of TBI was also impor-
tant, as patients who received �13.2 Gray had a rela-
tive risk of 4.4, compared to patients who received
�13.2 Gray. Prior chemotherapy was also implicated
in a Danish series of NHL and HD patients, which
found that HDC with AHCT did not increase the risk
of leukemic complications above the level observed
after conventional chemotherapy.106 Thus, antecedent
chemotherapy was the most important predictive fac-
tor. The Dana Farber Group reported a 19.8% actuarial
incidence at 10 years without evidence of a plateau in
552 NHL patients who underwent AHCT with
cyclophosphamide and TBI as the conditioning regi-
men.109 Prior IFRT and lower number of cells infusion
during transplantation were the only variables that
differed between patients who did and did not develop
MDS/AML.

Although there is a consensus that cumulative
dose of prior chemotherapy is related to the develop-
ment of t-MDS/t-AML, the contribution of TBI in the
preparative regimen toward the development of this
late complication remains controversial. The EBMT
retrospectively studied 5000 patients with lymphoma
who had undergone AHCT. Sixty-eight patients
developed MDS with a median follow-up of 3
years.110 Multivariate analysis revealed TBI in the
conditioning regimen, older age at transplant and
low-grade histology as independent variables predic-
tive of MDS development. The low-grade histology
patients were also more likely to have received a
greater total dose of alkylating agents such as chloram-
bucil and cyclophosphamide prior to AHCT compared
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Figure 64.5 Event-free survival (top) and overall survival
(bottom) for 21 patients with relapsed or refractory diffuse
large B-cell lymphoma. Dotted lines represent 95% confi-
dence interval. Tic marks represent censored data. (From
Horwitz et al.97 with permission. Copyright American
Society of Hematology) 



to the patients with intermediate/high-grade disease.
An MD Anderson series reported that the use of TBI
was independently associated with an increased risk of
t-MDS/t-AML, especially when combined with high-
dose cyclophosphamide and etoposide.108 Prior flu-
darabine administration and BM involvement also
increased this risk. The City of Hope Group did not
find the use of TBI in the conditioning regimen to be
of prognostic value but demonstrated that pretrans-
plant RT did confer a higher risk, which concurred
with the DFCI findings.107 In contrast to the ABMTR
analysis and the above-mentioned Danish study, pre-
transplant chemotherapy did not affect the risk of 
t-MDS/t-AML. However, for patients who received
etoposide for stem cell priming, a 12.3 fold increased
risk of developing t-AML with 11q23 abnormalities
was seen. In summary, t-MDS and t-AML are serious
consequences after AHCT. The assessment of occult
cytogenetic abnormalities before hematopoietic cell
mobilization or harvest should be routinely performed,
especially in heavily pretreated patients who may
already harbor early MDS prior to transplantation.

CONCLUSION

Autologous transplantation has emerged as an effec-
tive therapy for patients with NHL of a variety of his-
tologies at various points in disease treatment.
Randomized clinical trials have demonstrated
improved outcomes as compared to standard
chemotherapy in several settings including for
patients with intermediate-grade B-cell DLCL with
chemosensitive relapse and for patients with high risk
features in first CR. Patients who do not achieve a CR
with initial induction chemotherapy also can be sal-
vaged with AHCT. Patients with relapsed low-grade
lymphoma who have not been heavily pretreated also
benefit from AHCT. However, the occurrence of sec-
ondary malignancies, especially t-MDS and t-AML, is a
problematic late effect that adversely impacts long-
term survival rates. Newer concepts such as
immunotherapy with monoclonal antibodies, cell-
based therapies and nonmyeloablative allogeneic
transplantation are under active investigation in an
effort to further improve outcomes. 
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65Chapter 65
ALLOGENEIC HEMATOPOIETIC
STEM CELL TRANSPLANTATION
FOR NON-HODGKIN’S LYMPHOMA
Hillard M. Lazarus

INTRODUCTION

HISTORICAL PERSPECTIVE: AUTOLOGOUS STEM 
CELL TRANSPLANTATION
Although many non-Hodgkin’s lymphoma (NHL) his-
tologic subtypes can be cured using combination
chemotherapy, many patients experience relapse or
never achieve remission after initial therapy. For sev-
eral decades, high-dose chemoradiation therapy and
autologous stem cell transplantation (auto SCT), using
either autologous bone marrow or, subsequently,
autologous peripheral blood stem cells (auto PBSC),
has been demonstrated to be an effective therapy for
sensitive-relapse NHL patients.1–3 This modality can
also be effective in refractory relapse or even primary
refractory disease states.4,5 Some investigators have
reported data supporting a recommendation for use of
auto SCT in NHL patients at high risk for relapse.6,7

Obvious benefits of auto SCT are use of self as a donor,
no need for posttransplant immunosuppression and
its attendant risks, and the avoidance of graft-versus-
host disease (GvHD). On the other hand, this modality
usually is ineffective in the setting of significant tumor
bulk, cannot be offered to patients who have been sub-
jected to extensive previous treatment limiting mobi-
lization of blood stem cells,8 and lacks graft-versus-
lymphoma (GvL) effect. The major limitation of auto
SCT is relapse after transplant, due, in part, to intrinsic
lymphoma resistance to cytotoxic agents and the
potential for reinfusion of occult tumor cells that may
contribute to relapse.9 In vitro purging methods indi-
rectly have been shown to provide benefit in some
patients, but the results are not conclusive.10,11 The
prognosis after relapse in auto SCT recipients is
extremely poor.

ALLOGENEIC HEMATOPOIETIC STEM 
CELL TRANSPLANTATION

Hematopoietic stem cell transplantation using cells col-
lected from an allogeneic donor (allo SCT) is an option
being used with increased frequency. In the past, this
approach was used less often in view of limited donor
availability, and high nonrelapse mortality, in part, due
to GvHD. Allo SCT has the potential for improving
patient outcome, as there is no infusion of lymphoma
cells (normal donor) and the donor effector cells pro-
vide the potential for a GvL effect12 (Table 65.1).

GRAFT-VERSUS-LYMPHOMA EFFECT

Evidence for a graft-versus-malignancy or GvL effect
in NHL is mixed (Table 65.2). In a review, Mollee and
colleagues13 noted the conflicting results in a number
of studies, as the GvL effect was not uniform in the

Table 65.1 Allo SCT compared to auto SCT for NHL:
advantages and disadvantages

Advantages Disadvantages

Normality of infused stem Increased non-relapse 
cells mortality

Grafts-versus-lymphoma Increased “allogeneic-
effect radated” morbidity

Avoidance of secondary Age and donor restrictions
AML/MDS

No graft contamination Increased costs
by lymphoma Lack of randomized trials

AML, acute myeloid leukemia; MDS, myelodys plastic syndrome.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



intermediate- and high-grade histologic subtypes. The
data for follicular NHL, a slower growing neoplasm,
are more convincing. Tse and colleagues14 recently
reported the benefit of GvL across many studies in
which low-grade NHL patients underwent allo SCT
using either a myeloablative or reduced-conditioning
regimen.

REASONS TO CONSIDER ALLOGENEIC 
HEMATOPOIETIC STEM CELL
TRANSPLANTATION FOR NHL

Clinicians and investigators have offered patients allo
SCT rather than auto SCT for a variety of reasons,
including technical considerations such as failure to
collect sufficient stem cells for transplant.
Alternatively, health care professionals may recom-
mend an allo SCT for inherent biases, such as resistance
to therapy and gross marrow involvement (Table 65.3).
Also, some patients who relapse after an auto SCT are
offered an allograft.

MYELOABLATIVE ALLO SCT IN FAILED 
AUTO PBSCT

Freytes et al.15 recently published a retrospective analy-
sis of IBMTR data collected from 1990 to 1999 on 114
lymphoma (N 
 35 Hodgkin’s disease and N 
 79
NHL) patients who received a myeloablative allo SCT
after a failed auto SCT. Sixteen patients had low-grade

NHL, 52 intermediate- and high-grade, and 8 had
other types such as composite, mantle-cell, and
peripheral T-cell NHL. A variety of graft sources were
used (61% sibling-matched; 14% haploidentical sib;
25% unrelated). Treatment-related mortality was 22%
at 1 year and 25% at 5 years. Overall survival at 3 years
was 33% and decreased to 24% by 5 years after allo
SCT. Similarly, progression-free survival (PFS) was 25%
and 5% at 3 and 5 years, respectively. Complete remis-
sion at time of transplant and use of total body irradi-
ation (TBI) in the preparative regimen were associated
with lower rates of tumor progression and higher over-
all survival. These results are quite disappointing, but
reflect both a poor-risk patient group, as well as an
emerging approach. Specifically, van Besien and col-
leagues16 noted dramatic improvement in overall sur-
vival after myeloablative HLA sibling-matched allo
SCT from 39% during the 1990–1993 period to 72%
over 1997–1999. Readers of the literature must take
into account such improvements when comparing
studies, especially when not conducted during concur-
rent periods of time.

MYELOABLATIVE ALLO SCT AS FIRST 
TRANSPLANT: AGGRESSIVE NHL

Several single-arm cohort studies have used myeloabla-
tive allo SCT for relapsed or, rarely, high-risk (for
relapse) aggressive as well as low-grade NHL patients.
Significantly fewer aggressive NHL patients have under-
gone this approach, as historically most patients have
been offered auto SCT as therapy. Table 65.4 shows five
series of myeloablative allo SCT for NHL.17–21 Most
patients exhibited refractory disease at time of trans-
plant, and as a result of extensive prior therapy and
anticipated complications such as GvHD, nonrelapse
mortality was quite high, accounting for death in one
third to one half of patients. One single-institution
series reported by Stein and colleagues20 noted only a
15% overall survival at 5 years after transplant, a reflec-
tion of advanced, heavily pretreated patients.

MYELOABLATIVE ALLO SCT AS FIRST
TRANSPLANT: LOW-GRADE 
(FOLLICULAR) NHL

Table 65.5 illustrates the results of seven reports in
which follicular NHL patients were given myeloabla-
tive conditioning followed by infusion of allogeneic
stem cells.22–28 Aside from the IBMTR22 and EBMTR23

communications of registry data, all series are quite
small and follow-up is somewhat limited for the slower
growing (compared to aggressive) NHL subtypes.
Relapse rates are low, partially explained by the more
potent GvL effect in low-grade NHL (compared to
aggressive histologies) observed with allo SCT; van
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Table 65.2 Evidence of graft-versus-malignancy effect in
humans

■ Abrupt immunosuppression withdrawal or GvHD or flare 
reestablishes complete remissions

■ Relapse higher in syngeneic than in allogeneic graft 
recipients

■ GvHD protective against relapse in some patient 
subgroups

■ T-cell depletion increases relapse rates in CML patients
■ Donor lymphocyte infusions can induce complete 

remissions
■ Allo SCT relapse rates are lower than those for auto SCT

GvHD, graft-versus-host disease; CML, chronic myeloid leukemia

Table 65.3 Reasons for clinicians and investigators 
to consider allo SCT rather than auto SCT

■ Resistance to initial therapy
■ Resistance to salvage therapy
■ Resistance to both initial and salvage therapy
■ Bone marrow histologic (gross) involvement
■ Failure to harvest auto PBSC
■ Relapse after auto SCT



Besien and coworkers29 noted that diffuse large-cell
NHL was among the least sensitive to the GvL effect.
In fact, in two series of allo SCT in low-grade NHL by
Toze and colleagues26 and Forrest et al.,27 no relapses

were reported; additionally, two relapses after allo SCT
were reinduced into a complete remission using
chemotherapy, indicating that all 16 allografts were
alive in complete remission.
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Table 65.4 Single-arm cohort (enrollment �20 patients) for myeloablative allo SCT in patients with aggressive histology
NHL

No. of Refractory at Nonrelapse 
References patients time allo SCT mortality PFS/EFS OS Relapse Comments

Dhedin et al.17 73 37% 32/73 5-year 41% at 30% at Subgroup of 22
(44%) PFS 40% 5 years 5 years patients with 

chemosensitive
relapse had 60% 
PFS and 13% relapse.

Toze et al.18 92a NA 29%a NA 37%a NA Largest 
single-center
report but includes
low-grade
histologies

Juckett et al.19 21 29% NA 5-year 6/21 at 43% at T-cell depleted 
PFS 33% 39 months 5 years marrow; 5-year 

PFS 40% vs 17% 
for chemosensitive 
vs refractory disease

Stein et al.20 32 44% 17/32 5-year 16% at NA 10 deaths due to 
(53%) EFS 11% 5 years progressive 

lymphoma

Mitterbauer et al.21 35(20)a 23/35 (66%) 48% at NA 35% at 23% at Two-institution trial
5 years 5 years 5 years

aIncludes low-grade histologies (a total of 35 patients reported but only 20 had aggressive NHL).
Allo SCT, allogeneic stem cell transplantation; int-grade, intermediate-grade non-Hodgkin’s lymphoma; PFS, progression-free survival; EFS,
event-free survival; OS, overall survival.

Table 65.5 Selected studies using myeloablative conditioning and allo SCT for follicular NHL

No. of Median 
References patients follow-up PFS OS TRM Relapse Comments

Stein et al.22 15 60 months NS 15% 53% 33%

Van Besien et al.23 113 25 months 49 at 49 at 40% at 16% Registry data 1984–1995
36 months 36 months 36 months

Peniket et al.24 231 60 months 43% 51% at 38% at 25% Case-matched showing high 
48 months 48 months TRM but low relapses

Mandigers et al.25 15 36 months 67% 33% 13% T-cell depleted transplant

Toze et al.26 16 29 months 56% 25% 0 Four unrelated donors and 
12 sibling donors

Forrest et al.27 24 28 months 78% at 78% at 21% 0 No relapses noted
28 months 28 months

Yakoub-Agha et al.28 16 (14)a 39 months 65% at 68% at 5/16 2/14 Two relapses after allo SCT 
2 years 2 years alive at 13 and 41 months 

after salvage chemotherapy

PFS, progression-free survival; OS, overall survival; VP, etoposide; BM, bone marrow; PB, peripheral blood; TRM, treatment-related mortality
occuring in the first year after transplant; CR, complete remission; NS, not stated specifically; Dexa-BEAM, dexamethasone/BCNU/etopo-
side/cytrabine/melphalan.
aTwo patients received nonmyeloablative allo SCT.
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GVL, graft versus lymphoma; inter-grade, intermediate-grade non-Hodgkin;s lymphoma; PFS, progression-free survival; EFS, event-free
survival; OS, overall survival; CT, complete remission.
aIncludes intermediate-, high-grade, Burkitt’s and lymphoblastic NHL.

Table 65.6 Comparative analyses detailing outcome of myeloablative transplantation for intermediate-and high-grade 

No. of Nonrelapse Relapse or 
References Type patients mortality PFS/EFS OS progression Comments

Bierman et al.10 Allo 626 NA NA NA NA No direct comparison 
of auto vs allo SCT: 
allo SCT T-replete had 
best disease-free survial

Auto 1,758 NA NA NA NA
Twin 58 NA NA NA NA No direct evidence 

of GvL effect

Peniket et al.24 Allo 787 33–42% NA 37– 42% NA Retrospective
at 4 yearsa at 4 yearsa analysis of huge patient 

numbers (registry data)
Auto 14,687 NA NA NA NA TRM in allo SCT offset 

lower relapse rates: 
significantly worse 
outcome on auto SCT

Chopra et al.30 Allo 43 28% 49% NA 29% Matched case–control 
study of registry data: 
inter- and high grade

Auto 43 14%, p 
 0.008 43% (p 
 NS) NA 35%

Chopra et al.30 Allo 49 24% 57% 24% Matched case–control 
study of registry data: 
lymphoblastic

Auto 49 10%, p 
 0.006 44% 48% p 
 0.035

Chopra et al.30 Allo 8 13% 25% NA 71% Matched case–control 
study of registry data: 
Burkitt’s

Auto 8 0 38% 63%

Milpied et al.7 Allo 12 17% 67% 17% Small series of 
lymphoblastic
lymphomas receiving 
marrow grafts in first CR

Auto 13 0% 70% 31%

Levine et al.31 Allo 76 25% 36% 34% Retrospective analysis 
of registry data in 
lymphoblastic
lymphomas

Auto 128 5%, p � 0.001 39% 56%, p 
 0.004

Bureo et al.32 Allo 14 21% 57% not reported Small-size pediatric study
Auto 32 9% 57%

Ratanatharathorn Allo 31 24% Prospective, single 
et al.33 institutional trial

Auto 35 47% p 
 0.21

Schimmer et al.34 Auto 385 6% 52% at 62% at 41% at 1986–1997 Ontario 
(70%  3 years 3 years 3 years, Canada regional study;

aggressive) p 
 0.006 allo SCT assigned for 
involved marrow or 
inadequate marrow 
harvest

Allo 44 23% 71% at 72% at 6% at 3 years
(55% p 
 0.001 3 years 3 years

aggressive)
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Table 65.7 Comparative analyses detailing outcome of myeloablative transplantation for low-grade NHL

No. of Nonrelapse Relapse or 
References Type patients mortality PFS/EFS OS progression Comments

Verdonck et al.35 Allo 15 27% 70% 0,p 
 0.0002 Mixed variety of 
low-grade histologies

Auto 18 0, p 
 NR 22%, p 
 0.015 78%

Lin et al.36 Allo 25 28% 41% NR
Auto 62 3% 35% NR

Hosing et al.37 Allo 44 34% 45% at 49% at 19%, p 
 0.003 Initially more favorable 
53 months 53 months outcome results in 

autografts but eclipsed 
by allografts over time

Auto 68 6% 17% at 34% at 74%
71 months 71 months

Van Besien et al.16 Allo 176 30% at 45% at 51% at 21% at Retrospective registry 
5 years, 5 years, 5 years 5 years, review
p � 0.001 p � 0.001 p � 0.001

Auto 131 14% at 39% at 62% at 43% at 
purged 5 years 5 years 5 years 5 years
Auto 597 8% at 31% at 55% at 58% at 
unpurged 5 years 5 years 5 years 5 years

PFS, progression-free survival; EFS, event-free survival; OS, overall survival; NR, not reported.

COMPARISONS OF ALLO SCT 
VERSUS AUTO SCT

A number of investigations have reported trials com-
paring allo SCT to auto SCT for intermediate- and
high-grade as well as low-grade NHL (Tables 65.6 and
65.7). Most of these studies were retrospective compar-
isons, often using observational databases from groups
such as the IBMTR/ABMTR and the EBMTR. The
reports often do not provide intricate detail regarding
specific patients outcome. In several instances, the
investigators reported the data using case-matched
controls, and indicated hazard ratios for measures of
patient outcome. In the case of intermediate- and
high-grade NHL, Bierman and associates10 recently
published a combined IBMTR/EBMTR analysis involv-
ing more than 3000 NHL patients receiving stem cell
transplants. A total of 2018 patients received unpurged
autografts while 376 patients were given purged auto-
grafts. Further, 774 patients received T-cell replete allo-
grafts and 119 allografts that were T-cell depleted.
These groups were compared to 89 syngeneic grafts.
These data from this observational database analysis
failed to demonstrate a GvL effect. Recipients of
unpurged auto SCT, however, had a fivefold increase
risk of relapse compared to the syngeneic group; fur-
ther, unpurged auto SCT patients had a twofold
increased relapse rate compared to purged graft recipi-
ents. In the case of low-grade NHL patients, this find-
ing was associated with an improved overall and dis-
ease-free survival. This information provides indirect
evidence that autologous tumor contamination may

contribute to NHL relapse, an advantage possessed by
use of an allograft.

COMPARISONS OF ALLO SCT 
VERSUS AUTO SCT: INTERMEDIATE-
AND HIGH-GRADE NHL

Table 65.6 shows a number of publications comparing
allo SCT and auto SCT.7,10,24,30–34 Among the earliest
reports were small series by Milpied and colleagues7

and Bureo and coworkers.32 Chopra et al.30 communi-
cated one of the first matched case–control studies.
The way they reported their data enabled them to eval-
uate various NHL subtypes. For both lymphoblastic
lymphoma and intermediate- and high-grade NHL,
the benefit of a reduced treatment-related mortality in
auto SCT was offset by a higher relapse rate, i.e., allo
SCT and auto SCT results were comparable.
Subsequently, Peniket and the EBMTR24 retrospec-
tively analyzed data from 1982 to 1998, in which they
compared 1185 allogeneic transplants (as the first
transplant) for lymphoma with 14,687 autologous
procedures. Patients receiving allogeneic transplants
were subdivided according to histology: low-grade
NHL (231 patients); intermediate-grade NHL (147
patients); high-grade NHL (255 patients); lymphoblas-
tic NHL (314 patients); Burkitt’s lymphoma (71
patients); and Hodgkin’s disease (167 patients).
Actuarial overall survival at 4 years from transplan-
tation was as follows: low-grade NHL 51.1%; inter-
mediate-grade NHL 38.3%; high-grade NHL 41.2%;



lymphoblastic lymphoma 42.0%; Burkitt’s lymphoma
37.1%; and Hodgkin’s disease 24.7%. These outcomes
are relatively poor because of the high procedure-
related mortality associated with these procedures,
particularly in patients with Hodgkin’s disease (51.7%
actuarial procedure-related mortality at 4 years).
Multivariate analysis showed that for all lymphomas
apart from Hodgkin’s disease, status at transplantation
significantly affected outcome. A matched analysis
revealed that for all categories of lymphoma, overall
survival was better for auto SCT than for allo SCT.
Relapse rate was better in the allo SCT group for low-,
intermediate- and high-grade, and lymphoblastic
NHL. Allo SCT appeared superior to auto SCT in pro-
ducing a lower relapse rate, but overall survival will
not be superior until the toxicity of such procedures is
reduced.

COMPARISONS OF ALLO SCT 
VERSUS AUTO SCT: FOLLICULAR NHL

There are few trials prospectively designed to compare
allo SCT versus auto SCT for follicular NHL patients.
Table 65.7 illustrates the results using myeloablative
preparative regimens for allo SCT as compared to auto
SCT for use in follicular NHL.16,35–37 Again, most series
are small in size except for communications from reg-
istry analyses, such as the recent report by van Besien
et al.16 Treatment-related mortalities for allo SCT are
approximately 30%, nearly a log-fold higher com-
pared to auto SCT. On the other hand, relapse rates in
the allo SCT group are significantly lower, approxi-

mately 20%, with no reported relapses in the small
series by Verdonck.35 Such opposing effects may not
offset each other and could result in improved overall
survival in those receiving allo SCT, although follow-
up is short.

CONCEPT OF REDUCED-CONDITIONING
ALLO SCT

In recent years, reduced conditioning or nonmyeloab-
lative conditioning has been used to avoid the toxic
effect of the preparative regimen, yet allow donor cell
engraftment to take place, and ultimately to result in a
GvL effect.38–40 These highly immunosuppressive but
less toxic regimens rely upon engraftment and subse-
quent immunologic effect to eradicate NHL.
Diaconescu and colleagues41 at the Fred Hutchinson
Cancer Research Center reported in preliminary fash-
ion a retrospective comparison of reduced condition-
ing versus myeloablative conditioning for NHL
patients undergoing HLA-identical allografts. They
noted that despite the former group having a higher
median age, higher comorbidity index, and greater
likelihood of prior allograft, the treatment-related
mortality at 100 days was 8.8% compared to 20.6% in
the myeloablative group.

Table 65.8 shows five studies describing the data for
NHL patients who underwent a reduced-conditioning
allo SCT for relapse after an auto SCT.42–46 The informa-
tion presented reflects either retrospective registry
analyses42 or small single institutional studies. Mantle-
cell NHL patients appeared to fare poorly in the registry
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Table 65.8 Selected studies using reduced-intensity conditioning and allo SCT for NHL relapses after auto SCT

No. of patients Nonrelapse 
References and NHL mortality PFS OS Comments

Robinson et al.42 N = 52 low 15 prior 22% at 1 years overall PFS: overall OS: EBMTR retrospective 
auto SCT (29%) 54% at 2 years low 65% study
N = 62 intermediate/ 30% 13% at 2 years 47% at 2 years Poor outcome in 
high 32 prior auto chemoresistant and 
SCT (52%) non-low grade NHL
N = 22 mantle cell 46% 0% at 2 years 13% at 2 years
8 prior auto 
SCT (36%)

Bertz et al.43 N = 20 7 2 dead at Alive in CR at Alive at 13,16, Variety of allograft 
prior auto SCT 107 days 16, 19, 19 months 19,19 months donor types

Seropian et al.44 N = 21 intermediate/ 7% at 100 days 57% at 5 years 58% at 5-years 17 ablative and 
high N = 7 low 198% overall 11 nonablative; 7 in CCR 
11 prior auto SCT from prior auto SCT

Branson et al.45 N = 38; 10 high 20% at 50% at 53% at Median follow-up 
14 months 14 months 14 months 26 months

Escalón et al.46 N = 10 intermediate/ 1 at 10 months 95% 3-year PFS 95% 3-year PFS Single-center experience
high; N = 10 low

PFS, progression-free survival; OS, overall survival; CR, complete remission; CCR, coutinuous complete remission.



report due to a high treatment-related mortality (46%),
but had a favorable outcome in the study from MD
Anderson Cancer Center.46 Despite the poor prognostic
characteristics of an auto SCT failure, many patients
remain alive in complete remission, although for the
most part the follow-up period is brief. The single insti-
tution report from Escalón et al.46 shows a strikingly
excellent outcome of a 95% PFS at 3 years after allo
SCT. That such patients can be treated using an initial
auto SCT and subsequently salvaged using a reduced-
conditioning allo SCT supports the contention of
many investigators that poor-risk NHL should receive
planned tandem auto SCT followed within months by
a reduced-conditioning allo SCT. The rationale is that
the auto SCT provides significant tumor cytoreduction
allowing maximal antitumor benefit of the new donor
effector cells given in the course of an allo SCT.

REDUCED-CONDITIONING ALLO SCT 
AS FIRST TRANSPLANT: FOLLICULAR NHL

Data from five small studies using reduced-intensity
conditioning and allo SCT as first transplant for follicu-
lar NHL are shown in Table 65.9.47–50 In several reports,
a variety of hematologic malignancy patients were
treated in this fashion, and the data for follicular NHL
have been culled out. The median follow-up for these
series is short, but treatment-related mortality remains
relatively low at approximately 20% at 1 year, except in
the report by Robinson and colleagues.50 In that study,
the authors note inexplicably high treatment-related
mortality and relapse rates. More patients need to be
accrued to therapy and a longer duration of follow-up
must be reported before stating that reduced-intensity

allo SCT changes the natural history of follicular NHL;
however, the high PFS rate of approximately 70% is
encouraging. The monoclonal antibody Campath-1,
now being used with increased frequency, may con-
tribute to improved patient outcome.51 Chakraverty et
al.51 incorporated Campath-1 into the conditioning
regimen for 47 matched-unrelated donor allo SCT, 29
of whom failed auto SCT. Eighty-five percent of
patients attained full donor chimerism and day 100
nonrelapse mortality was 14.9%. One-year progres-
sion-free and overall survivals were 61.5 and 75.5%,
respectively.

THERAPY FOR SPECIFIC NHL SUBTYPES

NHLs are a heterogeneous group of lymphoid malig-
nancies whose clinical behavior and response to ther-
apy exhibit considerable variation. Mantle-cell NHL, for
example, resembles a low-grade NHL morphologically,
behaves aggressively, yet is incurable using conven-
tional therapies. Use of auto SCT in mantle-cell NHL in
relapse provides extremely poor prospects of attaining
long-term disease-free survival.52 Martinez et al.53 and
Grigg and colleagues54 reported series in which allo SCT
salvaged such patients, due in large part to the contri-
bution of GvL when GvHD develops. Examples of other
successful initiates already have been related earlier in
this review. Further support for GvL in this context is
the report from Berdeja and colleagues55 who noted
poorer survival in mantle-cell NHL patients compared
to other histologic types; these patients received T-cell
depleted grafts that compromise the GvL effect.

Peripheral T-cell NHL represents a less common,
more resistant histologic subtype, one in which the
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Table 65.9 Studies using reduced-intensity conditioning and allo SCT as first transplant for follicular NHL

Non relapse
No. of Median mortality at 

References patients Conditioning follow-up PFS OS 1 year Comments

Seattlea 9 Flud/TBI 200 �12 months 7 alive CR 8 alive 0

Corradini et al.47 8 TT/Flud/CY 17 months 5 alive CR 5 alive CR
5, 16, 17, 25, 5, 16, 17, 25, 1 at 8 months Includes 4 mantle-
28 months 28 months cell NHL

Khouri et al.48 20 Flud/CY 21 months 80% 80% 20% 64% cumulative 
incidence
chronic GvHD

Faulkner et al.49 28 BEAM Campath 16 months 69% 74% 16% No extensive 
chronic GvHD

Robinson et al.50 28 Flud/Alkylator NS 29% 39% 39% High nonrelapse 
(92%) mortality and 
BEAM Campath relapse
8%

PFS, progression-free survival; OS, overall survival; Flud, fludrabine; BEAM, BCNU/etoposide/cytarabine/melphalan;
a Personal communication MB Maris, Fred Hutchinson Cancer Research Center.



newer anti-B-cell monoclonal antibodies such as ritux-
imab have no effect. Corradini et al.56 recently
reported a phase II reduced-conditioning trial in 15
relapsed and 2 primary refractory peripheral T-cell
NHL patients. Patients received thiotepa, fludarabine,
and cyclophosphamide followed by blood stem cells
obtained from sibling-matched (N 
 14), sibling one-
antigen mismatched (N 
 2), and matched-unrelated
donors (N 
 1). Two-year nonrelapse mortality was 6%
and 12 patients attained complete remission. Three-
year progression-free and overall survivals were 64 and
81%, respectively.

DONOR LYMPHOCYTE INFUSIONS

Infusions of lymphocytes obtained via apheresis col-
lections from the patient’s allogeneic stem cell donor,
i.e., donor lymphocyte infusions (DLIs), have been
used as effectors to provide salvage therapy for some
patients who have relapsed after allo SCT. The most
effective disease targets for this approach have been
chronic myeloid leukemia and multiple myeloma,
although other hematologic malignancies may
respond.57–61 Several small series have reported mixed
results in lymphoma patients who relapsed after allo
SCT.62–64 In one of the larger series, Mandigers and
associates64 treated seven patients with low-grade NHL
in relapse after an allo SCT and noted two partial and
four durable complete responses lasting at least 43–89
months after infusion. DLIs appear to be more effec-
tive in lower grade rather than higher grade NHL and
in the setting of low tumor volume. Infusions often are
administered after cytotoxic therapy with or without
monoclonal antibody therapy and after the patient
has been tapered off all immunosuppressive therapy. It
is unclear, however, if the GvL effect can be separated
from GvHD effect using unmanipulated DLI. The most
effective cell dose is not uniformly established, as the
time to DLI after the transplant may play a role in effi-
cacy and toxicity. This therapy is associated with a
high incidence of GvHD and aplasia of bone marrow,
resulting in a nearly 20% fatality incidence.57,60

FUTURE CONSIDERATIONS

A number of potential directions to improve upon
allo SCT are listed in Table 65.10. Clearly, maneuvers
to reduce nonrelapse mortality are most desirable.
Targeted antilymphoma regimens using radioim-
munoconjugates rather than TBI have been imple-
mented in auto SCT and are being developed for allo
SCT.65,66 Supportive care strategies, including better
anti-infective agents, are being improved upon. GvHD
remains a major contributor to treatment-related mor-
tality, and the addition of sirolimus to the GvHD pro-
phylaxis armamentarium may be extremely effica-

cious.67 Other intriguing possibilities include the use
of methods to enhance GvL effect, such as dendritic
cell vaccines. DLI, occasionally used successfully in
the setting of relapse after allo SCT in NHL, may be
associated with the development of severe and fatal
GvHD. Newer uses of DLI include preemptive infusion
in patients at high risk for relapse (due to aggressive
disease or because the allograft was T-cell depleted), or
use of selective, i.e., CD8� T-cell depleted, DLIs in an
attempt to provide GvL effect without GvHD.68–70 As
discussed above, a number of investigators are using
tandem auto SCT followed by allo SCT approaches.
Recently, several groups have begun using novel con-
ditioning regimens incorporating agents such as pen-
tostatin71 or the combination of pentostatin and
extracorporeal photopheresis (ECP).72 Chin et al.72

reported in preliminary fashion their allo SCT
reduced-intensity regimen combining lower dose TBI,
pentostatin, and ECP in poor-risk patients. A total of
106 patients were enrolled using matched-related (N 


76) or matched-unrelated (N 
 30) donor stem cell
infusion. Seventy-six (72%) patients were alive with-
out tumor 100 days after transplant. At a 15-month
median follow-up, overall patient outcomes, such as
chronic GvHD (47%) and relapse (23%), did not differ
significantly between matched-related and matched-
unrelated donors.

Some investigators have proposed improved diag-
nostic model approaches for low-grade and intermedi-
ate-/high-grade NHL in a manner similar to those
developed for auto SCT using the International
Prognostic Index.73,74 This strategy could become a
powerful tool to compare results of different treatment
regimens as well as to guide clinical management.

Other areas of investigation include more selective
monitoring of residual NHL to induce either GvHD
and GvL, or the need to begin additional anti-NHL
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Table 65.10 Future directions

■ Minimizing treatment-related complications, i.e., improved
supportive care, targeted preparative regimens

■ Newer GvHD prevention approaches: sirolimus
■ Use of new GVL maneuvers, i.e., dendritic cell vaccines
■ Advanced donor lymphocyte infusion techniques, i.e., 

preemptive administration or selective T-cell depletion
■ Strategies to improve upon engraftment in reduced-

conditioning regimens
■ Linkage of specific cytoreduction regimens in resistant 

relapses before reduced-conditioning regimens
■ Develop improved prognostic scoring before transplant 

as done for auto SCT
■ Sequential auto SCT/allo SCT
■ Development of novel preparative regimens, i.e., 

pentostatin and extracorporeal photopheresis approaches
■ Monitor tumor load after allograft for more therapy, 

i.e., real-time PCR assay for t [14;18]
■ Expand donor pool, i.e., matched-unrelated and 

haploidentical donors



therapies. Chang et al.75 evaluated tumor load using a
real-time quantitative polymerase chain reaction assay
for t(14;18), which they correlated with the clinical
course of follicular NHL patients after stem cell trans-
plant. None of six patients who remained in remission
had samples with a tumor load �0.01% after trans-
plant. In contrast, four of five patients (three allo
SCT/two auto SCT) with relapsed/progressive disease
had increasing tumor loads of �0.01% after transplant
(P � 0.02). This technique likely will be validated with
a greater number of cases. Finally, expansion of the
donor stem cell pool will make allo SCT more available
for more patients. Recent studies have demonstrated
the feasibility of mismatched and haploidentical
donors for allo SCT.76–78 Sykes and colleagues78

reported five patients with refractory NHL undergoing
stem cell transplantation from haploidentical related
donors sharing at least one HLA A, B, or DR allele on
the mismatched haplotype. Four patients showed
mixed hematopoietic chimerism with a predominance
of donor lymphoid tissue and varying degrees of
myeloid chimerism. Two patients exhibited antilym-
phoma effect and were in GvHD-free states of com-
plete and partial clinical remission at 460 and 103 days
after stem cell transplantation. Bierman and the
National Marrow Donor Program77 recently presented
preliminary data in which unrelated donor stem cells

were the source of cellular rescue for NHL patients
undergoing allo SCT.

SUMMARY

Allo SCT has begun to assume an increasing role in the
management of NHL. This approach provides several
advantages over auto SCT, including provision of a
lymphoma-free graft, reduced rates of secondary
myelodysplastic syndrome and leukemia, and a poten-
tially curative GvL effect. The latter appears to be con-
siderably more pronounced in low-grade NHL such as
follicular NHL, compared to more aggressive histolo-
gies. When applied to chemosensitive patients, the
lower relapse rates and reasonable long-term outcomes
make allo SCT a promising therapy to pursue. Patient
populations, such as those with bone marrow involve-
ment or very high-risk disease, can be identified as
having suboptimal outcomes after auto SCT and may
benefit from such an approach. While the exact role of
allo SCT remains to be determined, broad recommen-
dations can be suggested for the management of
patients with NHL. New approaches to allo SCT,
including the use of matched-unrelated donors and
reduced-intensity conditioning regimens, may expand
the applicability of this potentially curative modality.
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66Chapter 66
DEFINITION OF REMISSION,
PROGNOSIS, AND FOLLOW-UP 
IN FOLLICULAR LYMPHOMA 
AND DIFFUSE LARGE B-CELL 
LYMPHOMA
John W. Sweetenham

INTRODUCTION

The emergence of new technologies impacts the care
of patients with non-Hodgkin’s lymphomas (NHLs).
The advent of new functional imaging techniques,
such as fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) is being evaluated not only as a
staging investigation, but also as a method for assess-
ing response to therapy, and determining prognosis.
The use of molecular techniques for the detection of
residual disease after completion of therapy raises
questions regarding currently used definitions of
response. The prognostic significance of disease
detected at the molecular level is under evaluation, as
is the use of molecular studies for follow-up. The clin-
ical prognostic factors identified by the International
Prognostic Index (IPI) have provided a model for risk
stratification of patients with diffuse large B-cell
lymphoma (DLBCL). A similar index, the Follicular
Lymphoma International prognostic Index (FLIPI),
has now gained widespread use for low-grade follicu-
lar lymphoma (FL). These clinical indices have
proved useful for risk stratification and for providing
general prognostic information to patients with these
diseases. However, there is marked variability in out-
come within the risk groups identified by these prog-
nostic models, indicating the biologic and clinical
heterogeneity of these diseases. Recent gene expres-
sion profile (GEP) and tissue microarray (TMA) stud-
ies have identified patterns of gene expression and
immunohistochemical features which have prognos-
tic value independent of the IPI or FLIPI. It is likely
that future prognostic models will incorporate this
information.

Optimum follow up strategies for patients with NHL
are unclear. The value of new (and established) imaging
technologies for early detection of relapse has been sys-
tematically evaluated in only a small number of stud-
ies. The potential role of molecular techniques for early
detection of subclinical relapse is also being explored.

The advent of these new techniques is therefore
leading to redefinition of many of the criteria used for
the assessment of prognosis, remission, and follow-up
in malignant lymphomas, particularly the most com-
mon subtypes, namely DLBCL and FL.

STANDARD RESPONSE CRITERIA IN NHL

The use of clinical response endpoints in trials in NHLs
has been an intrinsic component of clinical trial
design for many years. This is based largely on the
observation that long-term disease-free and overall
survival for patients in many clinical trials has been
shown to correlate closely with the degree of clinical
response. This observation holds true for first line ther-
apy and for patients who receive second line regimens
including the use of high-dose therapy and autologous
stem cell transplantation (ASCT). Although a close cor-
relation between response and event free and overall
survival has been confirmed in multiple studies in
aggressive NHL, results in studies in FLs and other
indolent lymphomas have been less clear. Many stud-
ies have shown a correlation of clinical response with
event- or failure-free survival in FLs, but in view of the
indolent nature of these diseases, correlations with
overall survival have been inconsistent. Additionally,
in aggressive NHL, the persistence of residual masses
after the completion of therapy, especially at sites of
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initial disease bulk, does not always indicate the pres-
ence of residual active disease. Inconsistencies in the
assessment of response at sites such as the spleen and
bone marrow have also added to uncertainty regarding
the definition of response and comparability of results
in different clinical trials.

An International Workshop to standardize response
criteria for NHL was therefore developed in 1998 and
published in 1999 in an attempt to provide uniform
interpretation of clinical trial results across all studies.1

This included agreed definitions of response and appro-
priate endpoints and follow-up schedules for use in the
trial setting. The definitions provided are based primar-
ily on clinical, radiologic, and histopathologic criteria,
and they have since been modified by the inclusion of
functional imaging data. A formal update of the criteria
is in progress and will incorporate other data including
flow cytometric analysis and molecular studies.

A summary of the response criteria is shown in
Table 66.1.

The specific definitions are given next.

Complete remission (CR)

● Complete resolution of all clinically and radio-
logically detectable disease, all lymphoma-
related symptoms, and all lymphoma-related
biochemical abnormalities (such as elevated lac-
tate dehydrogenase [LDH]).

● Lymph nodes and nodal masses must regress to
normal size (defined as � 1.5 cm for lymph nodes
initially �1.5 cm). Lymph nodes initially measur-
ing 1.1–1.5 cm must regress to �1 cm in greatest
transverse diameter, or by more than 75% of the
sum of the perpendicular diameters (SPD).

● If the spleen is enlarged on CT scan prior to ther-
apy, it must regress in size and not be palpable by
physical examination. Normal splenic size was
not defined. Any macroscopic nodules noted in
the spleen by any imaging modality must be
resolved. Similar criteria apply to other organs
such as the liver and kidneys.

● In view of conflicting data regarding the use of uni-
lateral and bilateral bone marrow biopsies at stag-
ing, the workshop defined an adequate marrow
evaluation as one with a minimum total biopsy

length of 20 mm. If the marrow is involved at
diagnosis, CR requires complete clearing of the
infiltrate on repeat biopsy, which must be from
the same site and the same minimum length. At
the time of the initial workshop publication,
since the significance of flow cytometric, molec-
ular and cytogenetic data were not clear, these
have not, to date, been incorporated into the
standardized criteria (see next).

CR Unconfirmed (CRu). The patients fulfill criteria for
CR, with the following exceptions:

● Residual lymph node masses more than 1.5 cm in
maximum transverse diameter which have
regressed by more than 75% of the SPD. Individual
nodes which were previously confluent must
regress by more than 75% of the SPD compared
with the size of the original mass.

● Indeterminate bone marrow—defined as having
increased number or size of lymphoid aggregates
without cytologic or architectural atypia.

Partial remission (PR)

● In SPD of the six largest nodes or nodal masses,
�50% decrease. Where possible, these masses
should be from disparate lymph node regions, be
readily measurable and include mediastinal and
retroperitoneal masses if these are present.

● No increase in the size of other lymph nodes,
liver, or spleen.

● Splenic and liver nodules must regress by at least
50% in the SPD.

● Involvement of other organs is considered assess-
able but not measurable.

● Bone marrow assessment is regarded as irrelevant
because it is assessable but not measurable.

● No new sites of disease.

Stable disease (SD)

● Less than PR, but more than progressive disease
(PD) (see next)

Progressive disease

● More or equal to 50% increase from the nadir in
SPD of any previously identified abnormal node
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Table 66.1 Response criteria for non-Hodgkin’s lymphoma according to International Workshop

Physical Lymph Lymph node
Response category examination nodes masses Bone marrow

CR Normal Normal Normal Normal

CRu Normal Normal Normal Indeterminate
Normal Normal �75% Decrease Normal or indeterminate

PR Normal Normal Normal Positive
Normal �50% decrease �50% decrease Irrelevant
Decrease in liver/spleen �50% decrease �50% decrease Irrelevant

Relapse/progression Enlarging liver/spleen, new sites New or increased New or increased Reappearance



● Appearance of any new lesion during or at the
end of therapy

Relapse

● Appearance of any new lesion or increase by
�50% in the size of any previously involved site

● More or equal to 50% increase in greatest diame-
ter of any previously identified node greater than
1 cm in short axis or in the SPD of more than one
node

At the time of the initial description of these criteria,
response assessment was based entirely upon physical
examination, and routine radiologic and pathologic
criteria.

CT scanning was considered the standard imaging
modality for nodal disease. The standardized criteria
require assessment by CT scan no more than 2 months
after completion of therapy. Bone marrow aspirate and
biopsy is considered mandatory only to confirm CR if
involved initially or if new abnormalities develop in
the peripheral blood count or smear.

The Workshop also defined a series of acceptable end-
points for clinical trials as documented on Table 66.2.

In most studies of aggressive NHL, remission status,
defined according to these criteria, is strongly corre-
lated with outcome. In general, a partial remission
after combination chemotherapy is associated with a
high risk of subsequent relapse and a low probability
for long-term disease-free survival. In studies of low-
grade FL, this is less clear. Although many single center
studies have demonstrated that the achievement of a
CR to a particular regimen is associated with superior
disease-free survival and overall survival compared
with patients achieving a PR, comparative trials of dif-
ferent regimens have typically shown that higher
response rates frequently correlate with higher rates of
disease-free survival or event-free survival, but this
rarely correlates with improved overall survival. There
are several potential explanations for this, including
the effectiveness of subsequent treatments to “rescue”
patients who relapse after a particular regimen.
However, recent data for new first line regimens in the

treatment of FL suggest that these treatments may be
improving overall survival in these diseases. If these
observations are confirmed, the use of refined criteria
for response in FL may become central to manage-
ment. If the presence of residual subclinical disease in
indolent lymphomas proves predictive of subsequent
relapse and survival, the potential for early treatment
will require investigation.

USE OF FUNCTIONAL IMAGING 
IN RESPONSE ASSESSMENT IN NHL

The use of functional imaging techniques in response
assessment in NHL has now been evaluated in several
studies. The potential advantage of functional imaging
in this context is based on the well-documented limi-
tation of CT-based assessments of response to therapy
in NHL. This is because CT is unable to differentiate
between viable tumor, fibrosis, or necrosis in a residual
mass at the completion of therapy. Initial data from
studies in which functional imaging has been used as
an adjunct to staging have suggested that this modal-
ity may have a higher specificity and sensitivity in
patients with aggressive compared with indolent lym-
phomas. Consequently, most data so far has been col-
lected for patients with aggressive subtypes of NHL,
particularly DLBCL. Although gallium scintigraphy
has been used previously in this context, most recent
data has described the use of FDG-PET. Most studies
have investigated the use of this technique separately
from conventional imaging techniques such as CT
scanning, although some recent studies have assessed
the potential addition of FDG-PET to conventional
response assessment. In all cases, the studies have
determined the predictive value of FDG-PET in terms
of subsequent relapse and survival.

Spaepen et al. have reported results for 96 patients
with various subtypes of aggressive NHL undergoing
PET scans at the completion of various combination
chemotherapy regimens.2 Sixty-seven of these patients
had negative PET scans at the completion of therapy,
of which 80% remained in clinical CR with a median
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Table 66.2 Definition of endpoints for clinical trials according to International Workshop

Response
End point category Definition Point of measurement

Overall survival All patients Death from any cause Entry onto trial

Event-free survival CR, CRu, PR Failure or death from any cause Entry onto trial

Progression-free survival All patients Disease progression or death from NHL Entry onto trial

Response duration CR, CRu, PR Time to relapse or progression First documentation of response

Disease-free survival CR, CRu Time to relapse First documentation of response

Time to next treatment All patients Time next treatment is required Trial entry

Cause-specific death All patients Death related to NHL Death



follow-up of just under 2 years. The remaining 20% of
patients relapsed in a median of 316 days. All of the 29
patients with positive PET scans at the completion of
therapy relapsed at a median of 105 days. A similar
study by Mikhaeel reported a positive predictive value
(PPV) of 100% and a negative predictive value (NPV) of
82% for PET scanning used at the completion of ther-
apy.3 Several other studies have now been reported,
with similar results, all suggesting that FDG-PET pre-
dicts tumor viability and subsequent relapse in resid-
ual masses with 80–90% PPV, after first line and, in
some cases, salvage therapy, including ASCT.4–6

A recent retrospective study from Juweid et al. has
assessed the use of FDG-PET in combination with the
International Workshop criteria (IWC) in patients with
aggressive NHL in an attempt to determine whether PET
scanning adds increased discrimination in outcome
compared with conventional response criteria.7 The
study included 54 patients with aggressive NHL, mostly
DLBCL who underwent FDG-PET and CT scanning
between 1 and 16 weeks after completion of 4–8 cycles
of cyclophosphamide, doxorubicin, vincristine, pred-
nisone (CHOP)-based chemotherapy. Responses to ther-
apy were assessed by conventional IWC and by an
additional set of criteria which included PET. Based on
subsequent risk of relapse, used as a surrogate for the
accuracy of each methods of response assessment,
IWC plus PET provided a more accurate assessment, in
particular because PET was able to identify a subset of
patients in PR by IWC who were PET negative, and car-
ried a more favorable prognosis. Further studies are
underway at the moment, which will probably further
define the value of PET in this situation and it is likely
that the IWC will be modified in the near future to inte-
grate data from functional imaging.

Additionally, the use of functional imaging early in
the course of therapy is being assessed as a method of
response assessment and prediction of subsequent out-
come (see the section on prognostic factors).

It is important to emphasize that most present data
regarding PET scanning for response assessment relates
to aggressive NHL. Few data are available for indolent
subtypes of lymphoma.

ASSESSMENT OF MOLECULAR RESPONSE
AND MINIMAL RESIDUAL DISEASE

In contrast to studies of functional imaging, the use
of molecular response as an endpoint has been
addressed mostly in the context of FLs. Standard clin-
ical and pathologic techniques including routine
light microscopy and immunohistochemistry are
capable of detecting tumor cells to the level of
approximately 1 in 100 normal cells. Lower levels of
disease, detected by molecular techniques, are desig-
nated as minimal residual disease (MRD). Molecular
techniques can detect tumor cells to the level of 1 in

1,000,000 normal cells. Clearing of disease at the
molecular level is termed molecular remission (MR).
The relationship between MR and clinical outcome is
unclear at present, and MR is therefore being incorpo-
rated into study endpoints in many clinical trials in FL.

Two targets for monitoring of MRD have been eval-
uated in FL. The t(14;18) (q32:q21) translocation is
detectable in most cases of FL. It can be detected by flu-
orescence in situ hybridization (FISH) techniques, or by
polymerase chain reaction (PCR). In the uncommon
case of FL without a detectable t(14;18), the IgH gene
rearrangement unique to the malignant clone, also
detectable by PCR, has been used for MRD detection.
Most studies exploring the role of MRD have assessed
this either in peripheral blood, bone marrow, or both.

There is increasing evidence that treatment regi-
mens which result in molecular remissions in FL are
associated with prolonged clinical remissions. In a
study from MD Anderson Cancer Center, 194 patients
with low-grade follicular NHL and a detectable bcl-2
gene rearrangement were treated with one of three
chemotherapy regimens.8 Most patients also received
interferon � as maintenance therapy. Although a corre-
lation was observed between molecular and clinical CR
rates, one-third of patients achieving clinical CRs were
not in MR at the completion of therapy and one-third
of patients in PR after 3–5 months eventually achieved
MR. Patients achieving MR during the first year follow-
ing treatment had significantly longer failure-free sur-
vival rates than those not in MR (4 year failure-free sur-
vival 
 76% vs 38%; p � 0.001). MR was independently
predictive of outcome in multivariate analysis and was
also predictive within the group of patients in clinical
CR. In this study, there was a concordance rate of
approximately 70% between results in the peripheral
blood and bone marrow, indicating that the tissue used
for evaluation of MRD is an important variable. This
study demonstrated that conventional dose chemother-
apy regimens produce a significance MR rate in FL, a
fact which has subsequently been confirmed in many
other studies, especially those in which rituximab has
been used as a component of first-line therapy in 
combination with chemotherapy.9–11 This study also
demonstrated that the achievement of both clinical CR
and MR improved with time over the first 20 months of
follow-up from completion of therapy, indicating that
the timing of response assessment may influence the
correlation between these parameters and outcome.
Additionally, despite the strong correlation between
achievement of MR and failure-free survival, most
patients eventually progressed, indicating that MR does
not equate with cure.

Several studies have now demonstrated a similar rela-
tionship between the attainment of MR and prolonged
failure-free survival, and have also confirmed that the
re-emergence of PCR detectable disease (or an increase
in the level using quantitative PCR techniques) is corre-
lated with subsequent clinical relapse.12–14
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The use of MR has also been investigated in the con-
text of patients with FL undergoing high-dose therapy
and ASCT. Most of these studies have demonstrated a
correlation between PCR negativity in the blood and
bone marrow and subsequent disease-free survival
after ASCT.12–14 Freedman et al. reported experience in
153 patients undergoing high-dose therapy and ASCT
for relapsed FL.12 All of these patients were treated
with cyclophosphamide and total body irradiation
(TBI), and all had in vitro manipulation of the stem
cell product with monoclonal antibodies prior to rein-
fusion. In this series, continued PCR negativity in the
peripheral blood and marrow after ASCT correlated
with continued clinical CR, an observation made in
several other smaller post ASCT studies.

In summary, there are accumulating data which
suggest that the achievement of MR in FL is a mean-
ingful endpoint which correlates with clinical out-
come. At present, molecular endpoints have not been
incorporated into the IWC, although this is likely to
change. In the meantime, the use of molecular end-
points in FL trials is essential to obtain further infor-
mation on the predictive value of molecular
response.

Despite encouraging data, there are several limita-
tions to the use of molecular endpoints. The bcl-2
rearrangement can be detected in the blood of 5–10%
of normal individuals (although using quantitative
techniques, it is usually present at much lower levels
than in the FL population).15,16 Optimal timing for the
evaluation of MR is uncertain at the moment, since
PCR-detectable disease can continue to diminish and
eventually disappear several months after completion
of therapy.8,17 Monoclonal antibodies such as ritux-
imab have been shown to clear PCR-detectable disease
from the blood and bone marrow more effectively
than from lymph nodes, indicating that the specific
therapy and the site of evaluation for MRD can both
influence the molecular response.18,19

PROGNOSIS AND PROGNOSTIC FACTORS

DIFFUSE LARGE B-CELL LYMPHOMA
The clinical factors identified in the IPI for aggressive
NHL have gained widespread use for risk stratification
in clinical trials and are used by many clinicians to
provide prognostic information for patients with these
diseases.20 The risk groups and observed relapse-free
and overall survival rates are summarized in Table
66.3. The age adjusted IPI (aa-IPI) is also frequently
used, especially for studies investigating dose-inten-
sive approaches such as first remission high-dose ther-
apy and ASCT. A stage-adjusted IPI has also been pro-
posed for patients with limited stage disease.21 The
clinical utility of the IPI and aa-IPI has been confirmed
in multiple studies of first-line therapy for aggressive
NHL, and more recently, in studies for patients under-
going salvage therapy with ASCT.22

Although the IPI and aa-IPI have been valuable
tools for risk stratification, there is marked variability
in outcome within each of the IPI risk groups, reflect-
ing the underlying biological and pathologic hetero-
geneity of aggressive NHL. Even in studies where entry
is restricted to patients with DLBCL, this variability is
still present, indicating the need for more patient-
specific, biologically based risk factors.

Molecular and immunohistochemical risk 
factors in DLBCL
Expression of many individual proteins detected by
immunohistochemistry has been shown to have prog-
nostic value in DLBCL. Examples of some of these are
summarized in Table 66.4. The technique of GEP in
which expression of thousands of genes can be investi-
gated using cDNA or oligonucleotide probes has now
been reported by several groups. The patterns of gene
expression have been shown to correlate with clinical
outcome and have led to the development of new
prognostic models.
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Table 66.3 Five year relapse free and overall survival rates according to the IPI and age-adjusted IPI

IPI
Risk group Number of adverse factorsa 5 year RFS (%) 5 year OS (%)

Low 0 or 1 70 73
Low-intermediate 2 50 51
High-intermediate 3 49 43
High 4 or 5 40 26

Age adjusted IPI

Risk group Number of adverse factorsb 5 year RFS (%) 5 year OS (%)

Low 0 86 83
Low-intermediate 1 66 69
High-intermediate 2 53 46
High 3 58 32

RFS, relapse-free survival; OS, overall survival.
aAdverse risk factor for IPI are stage III or IV disease, age �60 years, elevated LDH, ECOG performance status �2, �2 extranodal sites.
bAdverse risk factor for age-adjusted IPI are stage III or IV disease, elevated LDH, ECOG performance status �2.



Alizadeh et al. initially reported results using the
lymphochip cDNA microarray to analyze biopsies from
44 patients with DLBCL.23 In this study, patients with
high levels of expression of genes characteristic of nor-
mal germinal center B-cells (GCB) were shown to have
higher overall survival rates than those with expression
profiles characteristic of activated B-cells (ABC). A
study of material from 77 uniformly treated DLBCL
patients reported by Shipp et al. using olignonucleotide
microarrays identified a predictive model based on
expression of 13 genes.24 Rosenwald et al. subsequently
described a 17-gene predictive model based on further
studies using a cDNA microarray which identified four
gene expression signatures characteristic of GCB, pro-
liferating cells, reactive stromal and immune cells in
the lymph node, and expression of major histocompat-
ibility (MHC) class II antigens.25 There was no concor-
dance between individual genes identified in the 13-
and 17-gene models previously described, possibly
because the microarrays used in the studies differed
and different techniques were used to develop the pre-
dictive models. The potential clinical utility of prog-
nostic scores based on microarrays is limited by these
technical differences, as well as the requirement for
fresh, or optimally cryopreserved samples, and by the
costs of these techniques. In an attempt to overcome
some of these problems Lossos et al. have described a
simplified six-gene model using quantitative RT-PCR in
66 patients with DLBCL, all treated with CHOP or
related regimens.26 Genes correlated with shorter sur-
vival were BCL2, CCND2, and SCYA3. Those associated
with longer survival were BCL6, LMO2, and FN1.

Results from all of these studies have been shown to
provide prognostic information which helps to refine
the predictive value of the IPI. However, in view of the
limitations of GEP studies outlined earlier, there has
been recent interest in the use of TMAs which allow
immunohistochemical analysis of protein expression
from multiple tissue sections on single slides, and

which can be performed on routinely fixed and paraf-
fin-embedded clinical specimens.

A recently published study of TMAs in DLBCLs has
examined expression of CD10, bcl-6, MUM1, FOXP1,
cyclin D2, and bcl-2 in samples from 152 patients with
DLBCL, of which 142 had previously been analyzed
using GEPs.27 Using bcl-6, CD10, and MUM1 expres-
sion, it was possible to identify samples as GCB-like or
ABC-like. As shown in Table 66.5, there was a marked
difference in event-free and overall survival according
to phenotype, the survivals being very similar to those
described for the same series classified according to
GEPs. High IPI score and non-GCB phenotype were
independent adverse prognostic factors in multivariate
analysis. Subsequent studies have confirmed the
adverse prognostic significance of non-GCB pheno-
type identified by TMAs.28,29 These early results suggest
that TMAs are likely to have more clinical utility than
GEPs since the availability of frozen material will
remain a limitation for genetic studies. A small num-
ber of immunohistochemical stains, rather than multi-
ple stains used in TMAs may prove to have adequate
predictive value in future studies. Prospective evalua-
tion of GEPs, TMAs, and expression of individual pro-
teins by immunohistochemistry should continue to be
an integral part of new clinical trials in DLBCL in an
attempt to produce more specific prognostic factors.
This is particularly true since the addition of rituximab
to combination chemotherapy for DLBCL. Several
studies have demonstrated the superiority of ritux-
imab/chemotherapy combinations compared with
chemotherapy alone in the treatment of DLBCL.
However, to date, all of the published data regarding
TMAs and GEPs as prognostic tools is based on samples
from patients treated with chemotherapy only. Recent
reports have shown that the addition of rituximab to
chemotherapy can modify the prognostic significance
of certain factors. For example, the adverse prognostic
effect of absent bcl-6 expression in DLBCL patients
treated with CHOP does not apply to patients receiv-
ing CHOP-rituximab.30 Two recent studies have
demonstrated that the adverse prognostic significance
of bcl-2 expression in DLBCL is lost in patients treated
with chemotherapy/rituximab combinations.31,32

At present, the IPI and aa-IPI should be regarded as
the standard system for identifying risk groups in
DLBCL. Ongong studies of GEPs and TMAs based in
samples from patients treated with rituximab-based
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Table 66.4 Examples of individual immunophenotypic
features with reported prognostic significance in DLBCL

Immunophenotype Impact on prognosis

bcl-2 expression Adverse

Mutated p53 Adverse

High proliferative rate defined Adverse
by Ki-67

Cyclin D2 positive Adverse

CD 5 expression Adverse

MUM-1 positive Adverse

bcl-6 expression Favorable

HLA class II expression Favorable

Tumor infiltrating lymphocytes Favorable

Table 66.5 Tissue microarray criteria for GCB versus
non-GCB derivation of DLBCL

5 year 5 year 
CD10 Bcl6 MUM1 EFS (%) OS (%)

GCB � (�) � (�) � 63 76

Non-GCB � � � 36 34

EFS, event-free survival; OS, overall survival.



combinations are in progress and are likely to refine
the IPI in the future.

“Early” functional imaging in DLBCL
The use of “early” functional imaging using FDG-PET
has been shown to be predictive of prognosis in DLBCL
by several groups. As previously described, FDG-PET is
gaining an emerging role in the assessment of disease at
the completion of therapy. However, the use of this
technique at completion of therapy, although having
prognostic value, is otherwise of limited clinical utility
since there is no evidence to suggest that changing, or
intensifying therapy for patients not in CR at the
completion of primary treatment improves outcome.
Functional imaging performed earlier (after one or more
cycles of chemotherapy) might be a more accurate pre-
dictor of outcome than that performed at completion of
chemotherapy since it may identify relatively resistant
clones which are slow to respond to chemotherapy.
Early detection of resistant disease might allow an
early change of therapy, and even if not, might give
more accurate predictive information on which to
base subsequent management, including follow-up.
Studies from Memorial Sloan Kettering Cancer Center
have investigated the use of FDG-PET after one cycle
of chemotherapy in a series of patients with NHL and
Hodgkin’s lymphoma and compared these results
with scans performed at the completion of therapy in
the same group of patients.33 A positive FDG-PET was
associated with a significantly shorter PFS at both time
points. However, the PPV was higher after one cycle of
therapy compared with at the completion of therapy
(90% vs 83%). A similar difference was observed for
the NPV (85% vs 65%) and the false negative rate
(15% vs 35%) both of which also favored PET after
one cycle.

A recent study from France has reported results
from 90 patients with aggressive NHL treated with a
variety of doxorubicin-based combination chemother-
apy regimens who underwent FDG-PET after two
cycles of therapy.34 Forty-one percent of patients in
this study received rituximab as a component of first-
line therapy. Early FDG-PET was negative in 54
patients and positive in 36. At completion of induc-
tion therapy, 83% of patients with negative early FDG-
PET had achieved clinical CR compared with 58% of
those with positive FDG-PET. Significant differences
were observed in 2 year event-free survival (82% vs
43%; p � 0.0001) and overall survival (90% vs 61%;
p � 0.006) in favor of the FDG-PET negative group.
Furthermore, the predictive value of early FDG-PET
was seen in all IPI risk groups, indicating its indepen-
dence from the IPI as a prognostic factor.

Early FDG-PET therefore represents another approach
which may provide important prognostic information
to refine the IPI. Potential limitations include the uncer-
tainties regarding the criteria for designation of a “posi-
tive” or “negative” scan, the availability of functional

imaging, and the expense of this technique. It is also
possible that the predictive value of early PET may be
limited to certain regimens, particularly standard regi-
mens using fixed doses of chemotherapy. Recent studies
of regimens with dynamic dose adjustments according
to toxicity, such as dose-adjusted EPOCH-R (etoposide,
prednisone, vincristine, cyclophosphamide, doxoru-
bicin, rituximab)35 have shown poor predictive value of
early FDG-PET scanning, possibly because of a relatively
early adjustment of dose which eradicates relatively
resistant tumor clones more quickly (W.H Wilson, MD,
PhD, personal communication).

FOLLICULAR LYMPHOMA

Retrospective analyses of patients with FL have identi-
fied many clinical factors with adverse prognostic sig-
nificance, including advanced age, high number of
nodal sites of involvement, advanced anatomic stage,
the presence of tumor bulk, and elevated LDH. The IPI
described for aggressive NHL has also been applied to
patients with FL, and several studies have shown it to
have predictive value. The use of the IPI is limited by
the fact that a relatively small number of patients have
high-risk disease according to this index, limiting the
patient populations for prospective studies in “poor
risk” disease. Additionally, clinical factors with prog-
nostic value in indolent lymphoma may differ sub-
stantially from those in aggressive NHL because of the
biologic difference between these two entities.

The FLIPI has therefore been developed and is now
regarded as the standard clinical prognostic tool for
patients with low grade FL.36 The risk groups and 5-
and 10-year survival rates associated with each of these
groups are summarized in Table 66.6.

A recent European study has compared the FLIPI
with the IPI and also with an Italian Prognostic Index
developed for FL, in a population of 465 patients with
low-grade disease.37 They demonstrated that all three
indices provided useful prognostic stratification. The
FLIPI identified a higher proportion of patients with
high-risk disease. However, the concordance between
the three indices was only 54%, indicating that as
with DLBCL there is substantial biological and clinical
heterogeneity within each risk group and emphasiz-
ing the need for more accurate predictors of out-
come.

MOLECULAR AN IMMUNOPHENOTYPIC 
PROGNOSTIC FACTORS IN FOLLICULAR LYMPHOMA
As with DLBCL, many molecular, cytogenetic, and
immunohistochemical factors have been shown to
have prognostic significance in small series of patients
with FL.38–40 Some of these are summarized in Table
66.7. The variability in the prognostic factors identi-
fied across many of these studies reflects selection bias
into the various studies, heterogeneity of treatment
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regimens, and the lack of consistency in the diagnosis
and grading of FLs, which has been documented in
many previous studies.

As with aggressive NHL, the use of GEP has recently
been applied to the study of FLs in an attempt to refine
prognostic groups identified by the FLIPI and IPI. The
largest GEP study to date has been reported from the
Leukemia and Lymphoma Molecular Profiling Project
(LLMPP).41 In this study, cDNA microarrays were per-
formed on 191 biopsies from patients with FL for
which clinical follow-up data were available. This
study identified two gene expression signatures, both
with high levels of genes characteristic of immune
response functions. One of these signatures was associ-
ated with favorable and the other with adverse prog-
nosis. Many of the immune response genes identified
in both signatures are typically expressed in
macrophages, and further studies demonstrated that
the signatures with prognostic significance were
expressed in cells other than the germinal center
derived malignant B-cells. This study demonstrated
the potential prognostic significance of the immune
response in this disease, especially since the gene

expression signatures had predictive value indepen-
dent of the IPI.

Consistent with these observations, a recent study
from British Columbia has examined the potential prog-
nostic significance of lymphoma-associated macrophage
(LAM) content in low-grade FL, using routine immuno-
histochemical staining for a macrophage marker (CD68)
in routinely processed and fixed clinical specimens.42

Out of 99 evaluable patients with FL, all uniformly
treated between 1987 and 1993, 87 were classified as
having low LAM content and 12 as having high LAM.
The median overall survival for each group was 16.3
years versus 5.0 years, respectively (p 
 0.0003). In
multivariate analysis, LAM and IPI retained indepen-
dent predictive value. TMA studies are in progress for
patients with FL at present and are likely to identify
candidate immunohistochemical markers which will
be used to construct refined prognostic models in the
future.

In the meantime, clinical prognostic factors such as
the FLIPI or IPI will remain the standard tool for clini-
cal practice and clinical trials.

Few studies of functional imaging have been con-
ducted in FL, and most suggest that the PPV and NPV
of FDG-PET are relatively low, suggesting that this is
unlikely to provide a useful prognostic tool in these
diseases.

FOLLOW-UP 

Very few studies have formally addressed the optimal
follow-up schedule and optimal follow-up procedures
for patients with NHL. Although routine imaging tech-
niques such as CT scanning and FDG-PET are now
commonly used for the early detection of relapse, there
are no published studies evaluating the utility of PET in
this context, and studies of CTscanning and other
imaging modalities have failed to show a high rate of
early detection of relapse (although most studies were
reported in the early 1990s with inferior scanning tech-
nology to that now available).43

Although molecular techniques such as quantita-
tive PCR may help detect early, subclinical relapse 
in some subtypes of NHL, especially FL, there is no 
evidence at present to suggest that early treatment

Part III ■ LYMPHOMA708

Table 66.6 Five year and 10 year overall survival rates for patients with FL according to FLIPI risk group

Number of Distribution of 5 year 10 year 
Risk group adverse factorsa patients (%) OS (%) OS (%)

Low 0–1 36 90.6 70.7

Intermediate 2 37 77.6 50.9

high �3 27 52.5 30.5

OS, overall survival.
aAdverse risk factors for FLIPI are age � 60 years, Ann Arbor stage III or IV, hemoglobin �12 g/dL, serum LDH � upper limit of normal, 
number of nodal sites � 4.

Table 66.7 Examples of morphologic, immunohisto-
chemical, and molecular markers with prognostic 
significance in FL

Marker Impact on prognosis

Histologic grade Higher grade carries adverse 
prognosis

Ki-67 (proliferation marker) Higher proliferation rate 
carries adverse prognosis

Diffuse areas Adverse

Loss of p53 Adverse

Loss of p16 Adverse

Gain of c-myc Adverse

bcl-6 Variable in different series

bcl-2 Variable—site of breakpoint in 
rearranged bcl-2 gene has 
prognostic significance



intervention in this context improves survival com-
pared with the treatment of clinically detected relapse,
although this may change with the increased used of
monoclonal antibodies in this disease.

The International Workshop defined a recom-
mended follow-up schedule and investigations for
patients with NHL on clinical trials to establish consis-
tency across different studies. Their recommendations
were that patients should be evaluated a minimum of
every 3 months after completion of treatment for 2
years, then every 6 months for 3 years, and then annu-
ally for at least a further 5 years. For patients with
aggressive lymphoma, few recurrences occur beyond
10 years, although the group acknowledged that for
low-grade FL, longer follow-up would be required, not
only for the detection of relapse but also to monitor
for late side effects of therapy such as secondary
myelodysplastic syndrome or acute myeloid leukemia
which have been reported with increasing frequency
in the FL population.

Minimum testing recommended at each follow-up
visit was for a history, full physical examination, com-
plete blood count, and LDH. No recommendations

were made regarding the appropriate intervals for
imaging or other investigations.

Although this schedule has some utility for clini-
cal trial design, follow-up schedules will to some
extent be determined by the aggressiveness of the
disease, the presenting prognostic factors, and the
estimated risk of relapse. Investigations will be deter-
mined by the original sites and extent of disease,
although at least one study in aggressive NHL has
shown that over 60% of relapses occur in new sites of
disease, suggesting that follow-up investigations
should not be specifically directed to the original
sites of disease.

As further information accumulates regarding the
predictive value of PCR-based techniques, or func-
tional imaging, these are likely to be incorporated into
routine follow-up schedules. However, it is important
to point out that the early detection of relapse is only
helpful if effective treatment strategies are available for
salvage therapy. The impact of early detection of
relapse on survival is likely to be determined more by
the effectiveness of salvage therapy than the ability to
detect low levels of subclinical disease.
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67Chapter 67
TREATMENT OF TRANSFORMED
NON-HODGKIN’S LYMPHOMA
Philip J. Bierman 

INTRODUCTION

Four patterns of histologic variation have been described
for patients with non-Hodgkin’s lymphoma (NHL).1

Mixed architectural pattern refers to a single biopsy
which reveals areas with both diffuse and follicular
patterns. Composite lymphomas contain more than
one distinct type of lymphoma (or Hodgkin’s lymphoma
and NHL) in the same biopsy. Discordant lymphoma
refers to different types of lymphoma that occur at differ-
ent locations, simultaneously. Histologic transformation
(or evolution, or conversion, or progression) refers to a
change in lymphoma histology that occurs during the
course of a patient’s disease. 

Transformation is frequently unrecognized until
discovered at postmortem examination. Usually, trans-
formation refers to a change from low-grade or indo-
lent histology to more aggressive histology, although
other definitions have been used. Frequently, progres-
sion from follicular to diffuse histology is used to
define transformation, and at other times transforma-
tion may be defined as an increase in the number of
large cells in a biopsy. 

In 1928, Maurice Richter described a patient with
“chronic lymphoid leukemia” and progressive lymph
node enlargement.2 At autopsy, the lymph nodes,
liver, and spleen were infiltrated by small lymphocytes
and “endothelioid tumor cells” described as a “reticu-
lar cell sarcoma.” Since then, the term Richter’s syn-
drome has been used to describe the development of
large-cell lymphoma in a patient with chronic lym-
phocytic leukemia (CLL). Retrospective series have
demonstrated the occurrence of Richter’s syndrome in
2–3% of CLL patients.3,4 This syndrome has been
described in CLL patients who are in remission, as well
as those with active disease, and is classically associ-
ated with systemic symptoms, progressive lym-
phadenopathy, extranodal disease, elevated serum lac-
tate dehydrogenase (LDH), and poor prognosis. 

EPIDEMIOLOGY

INCIDENCE
The true incidence of histologic transformation is dif-
ficult to determine for a wide variety of reasons.1 As
noted above, there are a number of differences in the
way in which transformation is defined. It may also be
difficult to distinguish patients with histologic trans-
formation from those with unrecognized discordant
pathology at diagnosis. Most authors suggest that
patients with evidence of transformation within 6
months of diagnosis have discordant pathology, rather
than transformation.5–7 There is also a lack of unifor-
mity regarding patient follow-up in many series. Long-
term follow-up of large cohorts is necessary to deter-
mine the true frequency of transformation, since
transformation may be a late event. Many studies cite
crude incidence rates instead of actuarial risk. In addi-
tion, the risk of transformation includes all patients in
some series, while other reports restrict calculations to
patients who have progressed and received biopsies.
Accurate statistics on the risk of transformation are
also impaired by a lack of standardized criteria for
biopsy of suspected sites of relapse.1 For example,
peripheral nodes are more likely to be biopsied than
less accessible nodes. Infrequent biopsies of suspected
sites of relapse will underestimate the risk of transfor-
mation. A single biopsy of only one site of relapse may
fail to identify transformation that has occurred in
another location. In addition, autopsy findings may
not be included in some series. Finally, results from
older series may not be applicable to patients managed
more recently because of refinements in lymphoma
classification, ease of detecting relapse and performing
biopsies, and possible influences of newer treatments.

A wide variety of situations have been described, in
which changes in the histology of lymphoma occur over
time.8 Examples include progression of CLL/small lym-
phocytic lymphoma to diffuse large B-cell lymphoma
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and Hodgkin’s lymphoma, progression of follicular lym-
phoma to diffuse large B-cell lymphoma, progression of
marginal zone lymphoma to diffuse large B-cell lym-
phoma, and progression of mycosis fungoides to periph-
eral T-cell lymphoma. This chapter will focus mainly on
transformation of follicular lymphomas and, to a lesser
extent, on Richter’s syndrome. 

The frequency of NHL transformation has been
examined in several series (Table 67.1). It is impossible
to compare the different results due to variations in
the way calculations are performed. The true rate of
transformation may be overestimated, since many
series perform calculations on the basis of only those
patients who progress and undergo a repeat biopsy.
Conversely, true rates of transformation may be under-
estimated, since many patients do not have repeat
biopsies and few patients are examined at autopsy.

Some studies have shown a risk of transformation
that plateaus after 6 or 7 years.16,21 Other reports have
shown a continuous risk of transformation without
evidence of a plateau.6,7,17 The median time to docu-
mentation of histologic transformation was 57
months for a group of low-grade lymphoma patients
(follicular small cleaved cell, follicular mixed small
cleaved cell and large cell, and small lymphocytic)
managed with initial observation.17 Other investiga-
tors have reported a median time from diagnosis to
transformation ranging from 26 to 66 months.6,15,16,19,22

RISK FACTORS
A number of prognostic factors have been analyzed
for their association with transformation. In a series
examining histologic progression of follicular lym-
phomas, it was noted that patients who transformed
were more likely to have had early stage disease at ini-
tial diagnosis and were more likely to have received
local radiation as primary treatment when these
patients were compared to others with unchanged
histology.5 In another series, histologic transforma-
tion was found to be associated with involvement of
extranodal sites of disease, stage IV disease, presence
of systemic symptoms, and bulky abdominal disease
at diagnosis, as well as failure to achieve a complete
remission with initial therapy.6 Lack of response to
initial therapy has been associated with a higher risk
of transformation in other series,21 and it has been
suggested that eradication of primary disease with
initial therapy may reduce the incidence of transfor-
mation. Elevated serum �2-microglobulin level was
associated with a higher risk of transformation in one
series.21

Other series have failed to identify risk factors asso-
ciated with transformation.7,16 It does not appear that
an initial “watch-and-wait” strategy alters the risk of
transformation.17 Similarly, the risk of transformation
appears to be similar when patients with follicular
large-cell lymphoma are compared to patients with

follicular small cleaved-cell and follicular mixed-cell
lymphomas.21 Treatment with fludarabine or other
nucleoside analogs was not shown to influence the
progression of CLL to large-cell lymphoma in one
series,3 although other groups have shown unexpect-
edly high rates of histologic transformation in patients
with CLL and follicular lymphoma who were treated
with fludarabine.23 The Stanford group found that the
risk of histologic conversion was not influenced
whether patients were initially treated with involved-
field radiation, total lymphoid or whole body irradia-
tion, single-agent chemotherapy, or combination
chemotherapy.16

CLINICAL FINDINGS AND OUTCOME
In most reports, transformed lymphomas have been
associated with aggressive disease and poor outcomes.
Systemic symptoms and relapse at new or extranodal
sites are frequently noted.3,5–7,16,17,24,25 Other findings
such as central nervous system relapse21 and hypercal-
cemia26 have also been associated with histologic
transformation.

The median survival was only 4 months in a French
series of patients with Richter’s syndrome,25 and only 5
months in a series of patients with Richter’s syndrome
from MD Anderson Cancer Center.3 Patients who
achieved remission with subsequent therapy had 
longer survival than those who had poorer responses 
(P � 0.001). Similar findings were noted from Stanford.16

The median survival following documentation of histo-
logic conversion of low-grade lymphomas was 8.5
months, as compared to 6 years for patients who con-
tinued to have indolent histology when rebiopsied 
(P � 0.0001). In this series, achievement of a complete
remission after histologic conversion was also associ-
ated with a better prognosis. In another French series,
the median survival following transformation of follic-
ular lymphoma was 7 months.21 The median survival
for patients with transformation at the time of first
progression was 5 months, as compared with 47
months for patients who still had follicular lymphoma
at first progression (P � 0.01). Factors associated with
improved survival following transformation were
treatment with a CHOP-like (cyclophosphamide, dox-
orubicin, vincristine, and prednisone) regimen and
normal LDH level. Another series examining outcomes
in patients with nodular lymphomas noted that
median survival following first repeat biopsy was 77
months for patients who retained nodular architecture,
as compared to 11 months for patients with histologic
progression.5 An autopsy series from Massachusetts
General Hospital showed that median survival from
diagnosis was 55 months among patients who main-
tained a diagnosis of nodular lymphoma, as compared
with 32 months for patients who progressed to a dif-
fuse architectural pattern.12 A series from the National
Cancer Institute showed that median survival was 32

Part III ■ LYMPHOMA712



Chapter 67 ■ Treatment of Transformed Non-Hodgkin’s Lymphoma 713

Table 67.1 Incidence of histologic transformation of non-Hodgkin’s lymphoma

9 56 of 618 lymphomas (includes 13/56 
 28% Incidence refers to cases undergoing 
Hodgkin’s lymphoma) with sequential “dedifferentiation”
biopsies

10 94 of 210 follicular lymphomas 28/94 
 30% Incidence refers to cases showing  
with sequential biopsies or autopsy transformation to diffuse architecture

11 22 of 136 “macrofollicular” 22/30 
 73% Incidence refers to cases showing 
lymphomas with sequential biopsies transformation to diffuse architecture
or autopsy

12 18 of 65 nodular lymphomas with 8/18 
 44% Incidence refers to cases showing
autopsy transformation to diffuse architecture

13 30 relapsed lymphomas of 64 9/30 
 30% Incidence refers to cases showing 
lymphomas with “favorable” histology transformation to a “higher grade”

14 Autopsy findings of 35 lymphomas 22/35 
 63% Incidence refers to cases showing 
with initial nodular architecture transformation to diffuse architecture

15 28 of 56 nodular lymphomas with 11/28 
 39% Incidence refers to cases showing
sequential biopsies transformation to diffuse architecture

5 63 of 203 nodular lymphomas with 19/63 
 30% Incidence refers to cases showing
sequential biopsies transformation to diffuse or large-cell 

architecture

16 78 relapsed or refractory lymphomas 23/78 
 29% Incidence refers to case showing
of 150 with favorable histology Actuarial risk 
 20% transformation to “unfavorable” 
lymphomas at 5 years and 50% at histology

8 years for patients with 
active disease

17 23 of 83 low-grade lymphomas 10/23 
 43% Incidence refers to case showing 
initially managed with observation Actuarial risk 
 19% transformation to intermediate-grade 
with sequential biopsie at 8 years for all 83 or high-grade histology

patients

18 Autopsy findings of 56 lymphomas 36/56 
 64% Incidence refers to cases showing 
with nodular architecture transformation to diffuse “aggressive” 

histology

7 34 of 75 nodular small cleaved-cell 13/34 
 38% Incidence refers to cases showing 
lymphomas with sequential biopsies transformation to “transformed” 

(non-cleaved-cell) histology

6 51 of 127 follicular low-grade 30/51 
 59% Incidence refers to cases showing
lymphomas with sequential biopsies Actuarial risk 
 30% transformation to intermediate-grade

at 5 years and 56% at or high-grade histology
10 years for relapsed 
patients

19 496 low-grade lymphomas 34/496 = 7% Incidence refers to cases showing 
transformation to a more aggressive 
histology

20 72 of 148 follicular lymphomas with 23/72 
 32% Incidence refers to cases showing 
sequential biopsies or autopsy transformation to diffuse or large-cell 

architecture

21 220 follicular lymphomas 52/220 
 24% Incidence refers to cases showing 
Actuarial risk 
 22% at formation to a more aggressive diffuse 
5 years and 31% at lymphoma
10 years for all patients, 
and 33% at 5 years and 
51% at 10 years for 
patients who progressed

References Study population Incidence Remarks



months for patients who relapsed with a nodular pat-
tern, as compared with 17 months for those who
relapsed with a diffuse pattern (P 
 0.068).15 The
median survival among patients from Vanderbilt
University with indolent lymphoma was 2.5 months
for those who exhibited histologic transformation, as
compared with 37.5 months for those who retained
their initial histologic pattern (P � 0.001).7 Median sur-
vival following histologic progression was 4 months in
a series of follicular low-grade lymphomas from
Denmark,6 and 12 months in a series from Iowa.26 The
median survival following histologic transformation
was approximately 1 year in a series from London.20 In
another series of 74 patients from Stanford, the median
survival was 22 months following transformation
(Figure 67.1).22 Limited stage at the time of transfor-
mation (P 
 0.01), absence of prior therapy (P 
 0.01),
and response to therapy (P 
 0.005) were associated
with longer survival after transformation. These results
have been used to support the use of a “watch-and-
wait” approach for the initial management of patients
with low-grade follicular lymphomas. Finally, a
French series examined outcomes of patients with
follicular lymphomas who were treated on phase III
trials.27 The 5-year survival was estimated to be 15%
for patients with subsequent transformation, as com-
pared to 45% for those who retained follicular archi-
tecture (P 
 .00001).

These results demonstrate that histologic transfor-
mation is frequently associated with aggressive clinical
behavior and poor survival. In some series, overall sur-
vival from the time of diagnosis was shorter in patients
who subsequently demonstrated histologic progres-
sion.5,7 Nevertheless, transformation may be a late
event in the course of disease, and survival from the
time of diagnosis may not be different when patients
with unchanged histology are compared to patients
who have undergone transformation.15,16

ETIOLOGY OF TRANFORMATION

DEMONSTRATION OF CLONALITY
Some “transformed” lymphomas and their preceding
follicular lymphomas may be clonally unrelated.28,29

However, evidence suggests that most transformed fol-
licular lymphomas are derived from the same clone as
the antecedent follicular lymphoma. This was shown
in studies that demonstrated identical serum mono-
clonal proteins from a patient before and after trans-
formation, and by studies showing cytoplasmic
immunoperoxidase staining for the same protein in
biopsies performed before and after transformation.30

Investigators from Stanford examined paired lym-
phoma biopsies obtained before and after transforma-
tion from follicular to diffuse histology.31 They were
able to demonstrate a common clonal origin on the
basis of anti-idiotype monoclonal antibody cross-reac-
tivity, concordant immunoglobulin and bcl-2 gene
rearrangements, and sequencing of light-chain vari-
able genes. The same group also identified identical
mutations of the bcl-6 gene in paired lymphomas that
were biopsied before and after transformation.32

Analyses of immunoglobulin VHDJH gene sequences33

and bcl-2 rearrangements at other institutions28,34,35

have also demonstrated that diffuse large B-cell lym-
phomas may be clonally related to antecedent follicu-
lar lymphomas.33

CLL and the subsequent diffuse large B-cell lym-
phoma are clonally related in many situations,36–39

although the two clones may be genetically unrelated
in as many as 50% of cases.36,40,41

GENETIC ABNORMALITIES
Numerous molecular events have been associated with
the process of transformation. Several groups have
found mutations in the p53 tumor suppressor gene in
transformed lymphomas.42,43 Occasionally, p53 muta-
tions can be identified in patients with follicular lym-
phoma prior to transformation, and this finding in
nontranformed follicular lymphoma may be associ-
ated with a poor prognosis.42 Mutations in the bcl-6
gene have also been associated with progression from
follicular lymphoma to diffuse large B-cell lymphoma.
The Stanford group identified bcl-6 translocations in
39% of follicular lymphomas that were known to have
subsequently transformed, as compared with 14.1% in
biopsies from patients that were not known to have
transformed (P 
 0.0048).44 Rearrangements of myc
have also been identified in transformed lymphomas
and the presence of these rearrangements in follicular
lymphomas may be associated with a poor prognosis
and greater risk of transformation.34 cDNA microarray
analysis of transformed lymphomas has demonstrated
patterns of increased expression of c-myc and associ-
ated targets in some specimens and decreased expres-
sion of these genes in others.45 In addition, expression
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Figure 67.1 Overall survival of 74 patients with follicular
low-grade NHL following histologic transformation.
(Reprinted from Ref. 22)



patterns of transformed lymphomas were similar to
follicular lymphomas and markedly different than de
novo diffuse large B-cell lymphomas. Loss or inactiva-
tion of the p15 and p16 tumor suppressor genes has
also been associated with aggressive tumors and the
progression of follicular lymphomas.46,47

Various cytogenetic abnormalities have been identi-
fied in transformed lymphomas, although the t(14;18)
translocation is generally retained. Breaks involving
bands 6q23-26 and 17p were associated with a signifi-
cantly shorter time to transformation for follicular
lymphomas (P � 0.001).48

Various genetic abnormalities associated with histo-
logic transformation of follicular lymphomas are dis-
played in Table 67.2. These results suggest that histo-
logic transformation of follicular lymphomas
frequently involves acquired genetic lesions, although
no common pathways have been identified.62

TREATMENT OF TRANSFORMED 
FOLLICULAR LYMPHOMAS

CONVENTIONAL THERAPY
Prospective treatment trials have not been performed
for patients with transformed lymphomas. Most series
are small and contain heterogeneous patient popula-
tions. Details of treatment are limited in many reports,
and other series include patients treated in a variety of
ways and patients treated in a manner that might be
considered suboptimal today. 

In a series from the National Cancer Institute, 50%
of patients with progression from nodular to diffuse
histology attained complete remissions with combina-
tion chemotherapy regimens.5 The median duration of
remission was 11 months, although one patient
remained alive and in remission at 83 months follow-

ing treatment. In a series from Denmark, histologic
progression from follicular low-grade histology to an
intermediate- or high-grade histology was associated
with a response rate below 20%.6 In a French series,
transformation was defined as progression from follic-
ular histology to a more aggressive diffuse lymphoma.21

The response rate was 63% in the 30 patients who were
treated with CHOP-like regimens. Some of these
patients were subsequently treated with high-dose
therapy followed by autologous hematopoietic stem
cell transplantation. Another group of 22 patients was
elderly or had a poor performance status and was
mostly treated with regimens that did not contain
anthracyclines. The actuarial 3-year survival was 32%
for patients who received anthracycline-based ther-
apy as compared with 5% for the others (P 
 0.003).
The 13 patients with transformed lymphomas in the
Vanderbilt series were treated with radiation or a vari-
ety of chemotherapy regimens that did not always
include anthracyclines.7 The median survival follow-
ing histologic transformation was 2.5 months, and the
outcome did not appear to be influenced by the choice
of therapy. In another series from Iowa, there were no
complete remissions among eight patients with trans-
formed lymphomas who received anthracycline-based
therapy, and only short remissions in a patient who
received radiation therapy and one who received
COPP (cyclophosphamide, vincristine, procarbazine,
and prednisone).26 In the London series of 18 patients
who transformed from follicular to large-cell histol-
ogy, 6 (33%) attained remissions using combination
chemotherapy regimens appropriate for high-grade
lymphoma.20 Only two patients remained free of dis-
ease at 15 months and 5 years, respectively.

The Stanford group has reported the largest series
of treatment results for transformed lymphomas.22

Transformation was defined as progression from follic-
ular low-grade histology to diffuse intermediate- or
high-grade histology. Patients were mostly treated
with doxorubicin-containing combination chemother-
apy (n 
 43), radiation (n 
 12), or other chemother-
apy combinations (n 
 16). The complete remission
rates were 40, 70, and 20%, respectively, although the
majority of the patients receiving radiation therapy
had limited-stage disease. Attainment of complete
remission was significantly more likely in patients
with limited disease at transformation (p � 0.01). The
median disease-free survival was 45 months for com-
plete responders, with a median survival of 81 months
after transformation.

The MD Anderson Cancer Center has included
patients with transformed lymphoma in trials of sal-
vage therapy for NHL. The complete response rate was
50% and the partial response rate was 17% following
treatment with ESHAP (etoposide, methylprednisolone,
cytarabine, and cisplatin).63 Thirty percent of these
patients were projected to be alive at 3 years. A 36%
complete response rate was noted when patients with
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Table 67.2 Genetic abnormalities associated with
transformation of follicular lymphoma

p53 mutation 42, 43

myc rearrangement/altered expression 34, 35, 45, 49

bcl-2 mutation/dysregulation 28, 50

bcl-6 mutation 32, 44

p15 and p16 loss/gene alteration 46, 47, 51

Cytogenetic abnormalities
del(6q) 43, 48, 52–56
�7 52, 56–58
�12 52–54, 56, 59
Breaks in 7p 48
del(9p21) 46
der(18) 52
Amplification of 13q 60

Adapted from Ref. 61.

Genetic abnormality References



transformed lymphoma were treated with ESHAP alter-
nating with MINE (mesna, ifosfamide, mitoxantrone,
and etoposide).64

These results confirm the poor prognosis of patients
with follicular lymphoma following histologic trans-
formation. Nevertheless, some patients are able to
attain a complete response following treatment with
conventional combination chemotherapy, and occa-
sional long-term remissions have been reported.
Conventional chemotherapy may also be used to
achieve remission prior to the use of high-dose therapy
(see below). Radiation should be considered alone or
in combination with conventional therapy, especially
for patients with localized disease. 

MONOCLONAL ANTIBODIES
The introduction of monoclonal antibodies has revo-
lutionized the treatment of NHL. Rituximab, a
chimeric anti-CD20 antibody, was the first mono-
clonal antibody approved for cancer treatment.
Approximately 50% of patients with relapsed low-
grade and follicular lymphomas will respond to treat-
ment with this agent.65 Rituximab also has substantial
activity against aggressive lymphomas,66 although it
has not been extensively evaluated for transformed
lymphomas. In a phase III trial comparing rituximab
with 90Y ibritumomab tiuxetan (see below), three of
four patients with transformed lymphomas responded
to rituximab, alone.67

Rituximab has been combined with EPOCH (etopo-
side, prednisone, vincristine, cyclophosphamide, and
doxorubicin) to treat 18 patients with transformed B-
cell lymphomas in a trial from Switzerland.68 The
median event-free survival was 12.4 months.

More recently two anti-CD20 radiolabeled antibod-
ies, 90Y ibritumomab tiuxetan and 131I tositumomab,
have been specifically approved for the treatment of
transformed B-cell NHL. The overall response rate was
56% in nine patients with transformed B-cell lym-
phomas who were treated with 90Y ibritumomab tiux-
etan.67 At the University of Michigan, the complete
response rate was 50% and the overall response rate
was 79% for patients with transformed lymphomas
following treatment with 131I tositumomab.69 The
median progression-free survival was 13.9 months for
responders. The outcome was similar for patients with
low-grade lymphoma and significantly better than the
outcome in patients with de novo aggressive lym-
phomas who received this treatment (Figure 67.2). The
response rate was 39% for 23 patients with trans-
formed lymphomas included in the pivotal trial of 131I
tositumomab.70 Patients had received a median of four
prior chemotherapy regimens and 48% had bulky dis-
ease. The response rate was higher in patients who
had transformed to follicular large-cell histology as
compared to patients with diffuse histology after
transformation. The multicenter trial of 131I tositu-
momab included 10 patients with transformed B-cell

lymphoma.71 The complete response rate was 50%,
and the overall response rate was 60%. The median
response duration was 12.1 months, and these results
were similar to other patients with low-grade lym-
phomas.

The Seattle group used a higher dose of 131I tositu-
momab followed by autologous stem cell transplanta-
tion to treat patients with transformed lymphomas,
although individual patient results were not reported.72

TRANSPLANTATION
Several reports of autologous hematopoietic stem cell
transplantation for NHL have included patients with
transformed lymphomas and have shown that pro-
longed remissions can be attained,27,73–75 although
these reports have not always provided specific details
on patients with transformed histology.

A retrospective study from the University of
Nebraska compared outcomes following autologous
stem cell transplantation of 10 patients with trans-
formed lymphomas and 8 patients with follicular lym-
phomas.76 All patients with nontransformed lym-
phomas were alive between 246 and 1804 days
following transplantation, while most of the patients
with transformed lymphomas had early transplant-
related deaths and only one was alive 99 days after
transplant (P 
 0.002). A retrospective analysis from
France also examined outcomes of patients with follic-
ular lymphoma following autologous stem cell trans-
plantation.77 Overall survival of the 16 patients trans-
planted after histologic transformation was similar to
that of 44 patients with follicular lymphoma; however,
failure-free survival was significantly worse for patients
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Figure 67.2 Progression-free survival of 59 patients with
relapsed or refractory NHL following treatment with 131I
tositumomab. (Reprinted from Ref. 69)



with transformed lymphomas (P 
 0.04). A small series
from the European Bone Marrow Transplant Group
also noted that results of autologous stem cell trans-
plantation were poor for patients with transformed
lymphomas.78 A retrospective analysis from Dana-
Farber Cancer Institute compared outcomes of autolo-
gous stem cell transplantation in 51 patients with
low-grade lymphomas and 18 patients following trans-
formation to lymphomas with diffuse architecture.79

The 4-year disease-free survival was 23% for patients
with transformed lymphomas, as compared with 47%
for patients with low-grade histology, although this
difference was not statistically significant (P 
 0.2).

Other analyses have demonstrated somewhat better
results of transplantation for patients with trans-
formed lymphomas. A series from Boston found no
differences in time to treatment failure when autolo-
gous transplants in 10 patients with transformed lym-
phomas were compared to 68 patients with intermedi-
ate- and high-grade histology who were treated with
autologous transplantation.80 A series from Sweden
compared results of autologous bone marrow and stem
cell transplantation of 11 patients with follicular lym-
phoma and 11 with transformed lymphomas.81 No sig-
nificant differences in disease-free survival were noted.
The Stanford group reported that the actuarial 4-year
disease-free survival and 4-year overall survival were
49 and 50%, respectively, in 17 patients with trans-
formed lymphomas who had undergone autologous
bone marrow or stem cell transplantation.82 These
results were similar to patients with follicular low-
grade lymphomas and follicular large-cell lymphomas
who had been transplanted. The group from
Cleveland Clinic also examined results of autologous
peripheral blood stem cell transplantation for patients
with lymphomas that had transformed to diffuse
large-cell histology.83 The actuarial 4-year overall sur-
vival and event-free survival rates were 61 and 38%,

respectively (Table 67.3). These values were 53 and
37%, respectively, in a group of transplanted patients
with de novo diffuse large-cell histology (P 
 ns). An
analysis from the European Bone Marrow Transplant
Registry showed that actuarial 5-year overall survival
and progression-free survival rates were 51 and 30%,
respectively, in 50 patients who received autologous
hematopoietic stem cell transplants for follicular lym-
phomas (Table 67.3; Figure 67.3).87 No significant dif-
ferences in overall survival or progression-free survival
were identified when these values were compared to
transplanted patients with low-grade (P 
 0.939 and
0.673, respectively) or intermediate/high-grade histol-
ogy (P 
 0.438 and .533, respectively). 

Investigators from Seattle have piloted a novel regi-
men combining 131I tositumomab (see above) with
high-dose etoposide and cyclophosphamide, followed
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Figure 67.3 Overall survival (OS) and progression-free
survival (PFS) of 50 patients with transformed follicular low-
grade NHL following high-dose therapy and autologous
hematopoietic stem cell transplantation. (Reprinted from
Ref. 87)

Table 67.3 Autologous hematopoietic stem cell transplantation for transformed non-Hodgkin’s lymphoma

84 19 1 (5%) Median OS 4.4 years
10 (53%) CCR

85 27 0 (0%) 5-year OS 58% 6 patients had CLL/SL
5-year DFS 46%

86 35 7 (20%) Median OS 33 months Includes patients with intermediate-grade
5-year OS 37% lymphoma who relapsed with follicular 

lymphoma and patients with composite 
lymphoma

83 18 0 (0%) 4-year OS 61% Includes 1 patient with CLL/SL
4-year EFS 38%

87 50 4 (8%) 5-year OS 51%
5-year PFS 30%

OS, overall survival; CCR, continuous complete remission; DFS, disease-free survival; CLL/SL, chronic lymphocytic leukemia/small lympho-
cytic lymphoma; EFS, event-free survival; PFS, progression-free survival.

Reference No. of patients Early mortality Results Comments



by autologous stem cell transplantation.88 Patients
with transformed lymphomas have been included in
this trial. 

Results of autologous hematopoietic stem cell trans-
plantation in series examining transformed lym-
phomas are displayed in Table 67.3. These results show
that transplantation can be accomplished with low
transplant-related mortality and that prolonged dis-
ease-free survival can be observed. Nevertheless, it is
not clear in some series that there is a plateau in pro-
gression-free survival following transplantation, and it
is unknown whether patients are cured.77,79,83–87 In
addition, myelodysplastic syndromes, acute myeloge-
nous leukemia, and second malignancies have been
reported following autologous transplantation for
transformed lymphomas.85–87 Of interest is the fact
that some patients have relapsed with follicular histol-
ogy following autologous stem cell transplanta-
tion.77,84,87

Prognostic factors following autologous transplan-
tation for transformed lymphomas have not been well
characterized. The group from Dana-Farber Cancer
Institute noted that 5-year overall survival following
transplant was estimated at 80% for patients who
underwent histologic transformation within 18
months of diagnosis, as compared with 31% for those
with late transformation (P 
 0.04).85 The European
analysis showed inferior progression-free survival fol-
lowing transplant for transformed lymphoma in
patients with an elevated LDH level (P 
 0.0031) and
those with chemotherapy-resistant disease (P 


0.0478).87 Age above 60 years has also been associated
with inferior transplant outcome for transformed
lymphoma.86

Allogeneic transplantation
There is very little published experience with allo-
geneic stem cell transplantation for transformed lym-
phomas, although it is possible that patients might
benefit from this approach, because of a graft-versus-
lymphoma effect or because this approach eliminates
the possibility of infusing malignant cells with the
autograft. Rare patients with transformed lymphomas
have been included in larger series of allogeneic trans-
plantation for lymphoma, although it is impossible to
identify results in these specific patients.89,90 A French
cooperative group analysis of allogeneic transplants
for aggressive NHL included 14 patients who had
transformed low-grade lymphomas or CLL out of a
total of 73 cases.91 The only patient who relapsed more
than 15 months after transplant had a transformed
low-grade lymphoma and relapsed with low-grade his-
tology 7 years after transplant. A report from the
University of Chicago described one patient with
transformed lymphoma who was alive and well 70
months following allogeneic transplantation.92 A
report of reduced-intensity allogeneic transplantation
from MD Anderson Cancer Center described two

patients with transformed low-grade lymphomas who
died of transplant-related complications.93

TREATMENT OF RICHTER’S SYNDROME

Treatment results of Richter’s syndrome are largely
anecdotal or based on small series, and are subject to
the same limitations discussed earlier. In a series from
the University of Iowa, patients were primarily treated
with chemotherapy regimens that did not contain
anthracyclines, such as CVP (cyclophosphamide, vin-
cristine, and prednisone).4 Only one patient, who was
treated with radiation, attained a complete remission
and survived more than 3 months. Patients with
Richter’s syndrome (two with Hodgkin’s lymphoma)
in a French series were treated with a variety of
chemotherapy regimens.25 The median survival was 4
months, and there was no evidence of improved out-
comes with anthracycline-containing regimens. Six
patients, including four with localized disease treated
with additional radiation, had sustained remissions
between 5 and 77 months.

Thirty-three patients with Richter’s syndrome at MD
Anderson Cancer Center were able to receive treat-
ment.3 All except one were treated with systemic
chemotherapy, nine received additional radiation, and
one received radiation, alone. The overall response rate
was 41%, and the majority of patients in this group
received doxorubicin-based or fludarabine-based ther-
apy. The overall survival was significantly better for
patients who responded to therapy (P � .001). Four
patients remained alive and in remission between 5
and 16 months. One patient relapsed with CLL more
than 10 years after treatment. 

The MD Anderson group has also reported results
of the hyper-CVXD (cyclophosphamide, vincristine,
liposomal daunorubicin, and dexamethasone) regi-
men in a series of 29 patients with Richter’s syn-
drome.94 Complete responses were obtained in 11
(38%) patients, and six had ongoing remissions
between 6 and 19 months from starting therapy.
The median survival was 10 months for all patients.
The median survival was 19 months for those who
attained a complete remission and 3 months for others
(P 
 0.0008). A regimen of fludarabine, cytarabine,
cyclophosphamide, cisplatin, and granulocyte-mono-
cyte colony-stimulating factor had little activity and sig-
nificant toxicity in a cohort of patients with Richter’s
syndrome.95

Diffuse large B-cell lymphomas have also arisen
in patients with lymphoplasmacytic lymphoma/
Waldenström macroglobulinemia. In one series of 12
such patients, 73% died within 10 months of transfor-
mation.96 The majority were treated with aggressive
anthracycline-containing regimens. Only one patient,
treated with autologous stem cell transplantation, was
alive and in remission.
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There were five transplant-related deaths in a series
of eight patients who received allogeneic bone mar-
row transplants for Richter’s syndrome.97 Three
patients were alive and in continuous remission
between 14 and 67 months after transplant. The same
institution described one patient with Richter’s syn-
drome who was alive and in remission at least 
5 months following a reduced-intensity allogeneic
transplant.93

SUMMARY

Histologic transformation is frequently observed when
patients with follicular lymphomas have disease pro-
gression. The original and transformed lymphomas are
often clonally related, although they sometimes arise

from different clones. Although the literature suggests
that the prognosis is poor for patients with trans-
formed lymphomas, some patients experience long-
term disease-free survival. Patients with transformed
lymphomas should probably be treated with aggres-
sive chemotherapy regimens that are used for patients
with diffuse large B-cell lymphoma. Involved-field
radiation therapy should also be considered for
patients with localized disease. Long-term disease-free
survival has also been observed following high-dose
therapy and autologous hematopoietic stem cell trans-
plantation. This approach should be considered for
patients with chemotherapy-sensitive disease. There
are now two radiolabeled antibodies that are specifi-
cally approved for the treatment of transformed B-cell
lymphomas, and they provide another treatment
option for selected patients. 
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68Chapter 68
NEW FRONTIERS IN NON-
HODGKIN’S LYMPHOMA THERAPY
Eric Winer, Sridar Pal, and Francine Foss

INTRODUCTION

A number of novel strategies have evolved for the
treatment of refractory non-Hodgkin’s lymphoma
(NHL). Novel targeting agents that have demonstrated
success in clinical trials include radiolabeled antibod-
ies, fusion toxins, which direct cytotoxic moieties into
the cell via membrane receptors, and antisense
oligonucleotides, which bind to mRNA and inhibit
translation of proteins in the cell. A number of agents
that target specific intracellular pathways have also
been developed, including bortezomib, which inhibits
proteosome function, the histone deacetylase (HDAC)
inhibitors, which modulate gene transcription, and
gallium nitrate, which inhibits transferrin-dependent
enzymatic pathways. Finally, the newer technologies
have been developed to implement immunotherapeu-
tic approaches.

MONOCLONAL ANTIBODIES

Rituximab was the first humanized monoclonal anti-
body to be widely used in the treatment of patients
with low- and intermediate-grade B-cell NHL.
Subsequently, antibodies directed against a variety of
epitopes have been developed and have demonstrated
clinical efficacy. Unmodified anti-CD22 antibody as
well as immunotoxin and radioimmunoconjugates of
this antibody have demonstrated activity in vitro and
in a limited number of patients with refractory B-cell
lymphoma.1–3 CD30, which is expressed on a subset of
T-cell lymphomas, including anaplastic large cell lym-
phomas and Hodgkin’s disease, has been an attractive
target for antibody-based therapies because its expres-
sion is limited on normal cells to activated lympho-
cytes and natural killer cells. SGN-30, a humanized
anti-CD30 antibody, has been shown to induce growth
arrest and apoptosis in Hodgkin’s cell lines in vitro,
and a phase II clinical trial is underway to further
define its clinical efficacy.4 Alemtuzumab (Campath-
1H) is a humanized mAb targeting CD52 and has

recently been approved in the United States for the
treatment of fludarabine-refractory B-cell chronic lym-
phocytic leukemia. Impressive activity has also been
demonstrated in T-cell prolymphocytic leukemia and
mycosis fungoides.5 In a study of 16 patients with low-
or intermediate-grade B-cell NHL who relapsed or were
refractory to conventional therapy and were treated
with alemtuzumab, eight (44%) achieved a clinical
response, two (11%) had stable disease, and five (28%)
had progressive disease. All responders had low-grade
histologies.6 Humanized anti-CD4 antibody (HuMax)
is used in clinical trials in patients with relapsed and
refractory cutaneous T-cell lymphoma (CTCL) and
CD4-expressing peripheral T-cell lymphomas. 

FUSION TOXINS

A number of strategies have been developed to target
cytotoxic proteins to tumor cells, including conju-
gated immunotoxins, single-chain antibody–immuno-
toxin conjugates, and fusion toxins. Table 68.1 sum-
marizes in vitro and in vivo data using immunotoxins
in lymphoid malignancies. The major limitation of
immunotoxins, in which the toxin moiety is conju-
gated to a monoclonal antibody, is their ability to be
internalized by the cell and translocate efficiently into
the cytoplasm where they can inhibit protein synthe-
sis. Because of their large size, conjugated immunotox-
ins may not be efficiently translocated into the cell
and may, by nature of their epitopes, be immunogenic.
Both ricin A-chain and pseudomonas exotoxin-based
immunoconjugates have been developed and have
demonstrated limited efficacy and significant toxicity
in patients with Hodgkin’s disease and NHL.7–11

Denileukin diftitox is a genetically engineered
fusion protein combining the enzymatically active
domains of diphtheria toxin and the full-length
sequence of interleukin-2 (IL-2), and targets tumor
cells expressing the intermediate- and high-affinity IL-
2 receptors (IL-2R).12 Denileukin diftitox has been
approved for the therapy of refractory CTCL based on

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 
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an overall response rate of 30% in heavily pretreated
patients.13,14 Toxicities include hypersensitivity related
to the infusion of protein and a low-grade vascular
leak syndrome seen in 23% of patients manifested by
low albumin, peripheral edema, and/or hypotension.
Recent studies using steroid premedication and hydra-
tion have significantly reduced the incidence and
severity of these events in patients with CTCL.15

Previous studies have demonstrated IL-2R expres-
sion on a variety of B-cell non-Hodgkin’s lymphomas,
including both low- and intermediate-grade lym-
phomas.16,17 In a phase I study of escalating doses of
denileukin diftitox ranging from 3 to 31 	g/kg/day �

5 days for a 21-day cycle, the expression of IL-2R was
determined by immunohistochemistry as an entry cri-
teria. Of 66 B-cell NHL patients screened, 29 expressed
a component of the IL-2R (p55 or CD25, or p75 or
CD122).16 The overall response rate in 23 heavily pre-
treated NHL patients was 17%, including 2 of 9
patients with intermediate-grade NHL who had partial
responses. On the basis of these data, a phase II study
was initiated at MD Anderson Cancer Center to evalu-
ate the efficacy of denileukin diftitox in relapsed/refrac-
tory B NHL.18,19 All low- and intermediate-grade B-cell
NHL patients were eligible, and IL-2R expression was
determined based on expression of CD25 on tumor
cells. Denileukin diftitox was administered at 18
	g/kg/day for 5 days every 3 weeks, for up to eight
cycles. Corticosteroid premedication prior to each
drug infusion was given in an attempt to reduce the
incidence and severity of acute hypersensitivity. Most
patients had undergone multiple prior treatments,
including autologous stem cell transplants, and many

had compromised bone marrow reserve. Of 29
patients treated, there were three (CR) complete
response (one follicular mixed B-cell lymphoma, one
B-cell DLCL, one mantle cell lymphoma), and four
(PR) partial response (one SLL, three B-cell DLCL) for
an overall response rate of 24%. Another study
exploring the activity of denileukin diftitox in 
B-cellNHL was conducted by the Eastern Cooperative
Oncology Group to explore the activity in IL-2R
expressing and nonexpressing low-grade B-cell NHL.
Studies are underway to further explore the activity
of denileukin diftitox in combination with rituximab
in low- and intermediate-grade refractory B-cell NHL
and B-CLL.

RADIOLABELED ANTIBODIES

Another targeting strategy for NHL has been the use of
radioimmunoconjugates. Radiolabeled antibodies are
capable of delivering a radiation dose to neighboring
cells while minimizing doses to nonmalignant tissues.
Low-dose-rate radiation continues to expose cells to
radiation even after initial exposure, resulting in accu-
mulation of cell damage leading to apoptosis in cells
that may have been effectively repaired after more
conventional high-dose-rate radiation.

Two radioimmunoconjugates targeting the CD20
epitope on B cells have been FDA approved for patients
with B-cell NHL (Table 68.2). 131I tositumomab
(Bexxar) and 90Y-ibritumomab tiuxetan differ in the
characteristics of their radioisotope. 90Y-ibritumomab
tiuxetan consists of the high-energy � emitter 90Yttrium

Table 68.1 Immunotoxins in lymphoma

Immunotoxin Activity in vitro or in clinical trials Reference

CLL, chronic lymphocytic leukemia, CTCL, cutaneous T-cell lymphoma; NHL, non-Hedgkin’s lymphoma.

Rituximab/saporin-S6

anti-CD19 (HD37-dgRTA) �
anti-CD22 (RFB4-dgRTA) 

anti-CD22 (RFB4-dgRTA) 

Ki-4.dgA anti-CD30 immunotoxin

anti-B4-bR

G28-5 sFv-PE40

BL22 (RFB4(dsFv)-PE38)

anti-Tac(Fv)-PE38 (LMB-2)

Induced apoptosis in B-cell NHL cells in vitro,
synergistic with fludarabine in vitro

In vitro study of combination immunotoxins
demonstrated 100% survival in acute 
lymphocytic leukemia xenograft

Phase I study in B-cell NHL; 15 patients with 
refractory disease, 38% PR

Phase I study of 17 pts with refractory CD30�

lymphoma: 1 CR, 1 PR

Phase II study in 16 CD19� refractory B-cell
NHL patients, no durable responses

In vitro activity in B-cell NHL, targets CD40

In vitro efficacy, targets CD22

Phase I trial in 35 patients with CD25�

lymphoma: 7 PR (1 HD, 1 CLL, 3 hairy cell , 1
CTCL, 1 ATL)

Polito et al.

Herrera et al.

Vitetta, 1991.

Schnell et al.

Multani et al.

Francisco et al. 

Barth et al.

Kreitman et al.
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and has a half-life of 28 h. Beta particles deliver high
energy (2.2 MeV) within a radius of approximately 5
mm, which corresponds to 100–200 cell diameters. 131I
tositumomab emits both gamma and beta particles
and has a decay half-life of 8 days.20–22

The pivotal trial for 131I tositumomab by Kaminski
and colleagues in 2001 was a phase III nonrandom-
ized, multicenter, single dosimetric, and therapeutic
dose study in refractory/relapsed low-grade or trans-
formed low-grade B-cell NHL.23 The purpose of this
study was to compare the efficacy of 131I tositumomab
to the last qualifying chemotherapy regimen. Sixty
patients, virtually all with stage III or IV disease, were
enrolled. Eighty-eight percent of patients had at least
two risk factors by the International Prognostic
Index.24 The median number of prior treatments was
four, and 27% of patients had prior radiation therapy.
The response rate was 65% with a median duration of
6.5 months. The highest responses were seen in
patients with small tumor burden (81%), patients who
had not received radiotherapy (77%), and those with
nontransformed low-grade NHL (81%). The only vari-
ables significantly associated with higher rate of
response in a multivariate analysis were tumor burden
less than 500 g and nontransformed histology. 

Adverse events included fatigue (43%), fever (30%),
nausea (25%), infection (25%), chills (15%), vomiting
(13%), pruritis (13%), anorexia (10%), and hypoten-
sion (10%). The hematologic nadir occurred on days
43, 46, and 34 for red cells, white cells, and platelets,
and median recovery occurred at 74, 78, and 73 days,
respectively. In this study, five patients developed
myelodysplastic syndrome 1.2–7.5 years after treat-
ment, but all had previously received alkylating
agents.25 Two patients later developed bladder cancer,
but both had previously received cyclophosphamide.
An elevation of Thyroid stimulating humane (TSH) was
noted in five patients, but was asymptomatic in all five. 

Further analysis of a combined database from five
trials using 131I tositumomab reported a median
response duration of 20.2 months in patients with
transformed low-grade lymphoma.26 The overall
response rate was 56% with a median duration of
response of 14.7 months. In previously untreated,
advanced-stage follicular lymphoma (n 
 76), 131I tosi-
tumomab induced a response in 95% of patients, with
74% achieving CR.27 Further analysis of several studies
of 131I tositumomab demonstrated “remission inver-
sion,” a longer response to radiolabeled antibody than
to the last cytotoxic therapy.28 In studies of rituximab-
refractory patients, the overall response rate was 68%
with 30% CR.29,30 Retreatment with 131I tositumomab
has been reported with a 56% response rate to the sec-
ond dose and a median response duration of 10.7
months. In this population, the annual incidence of
myelodysplastic syndrome was 4.1%.31 Combination
studies of 131I tositumomab with other agents such as
fludarabine32 are underway. 

90Y-ibritumomab tiuxetan was FDA approved in the
United States at a dose of 0.4 mCi/kg, with a dose
reduction to 0.3 mCi/kg in patients with low platelets
(100,000–150,000/mL).22 Unlike 131I tositumomab,
90Y-ibritumomab tiuxetan does not require individual-
ized dosimetry. Witzig et al. reported the superiority of
90Y-ibritumomab tiuxetan versus rituximab in 143
patients with CD20-positive relapsed or refractory low-
grade, follicular, or transformed NHL who had
received a median of two previous chemotherapies
and half of whom were refractory to their last ther-
apy.33 The response rates of 90Y-ibritumomab tiuxetan
versus rituximab were 80% versus 56%, respectively
(p 
 0.002), and complete responses were seen in 30%
versus 14% (p 
 0.04), respectively. Overall response
favored the follicular lymphoma subgroup with a
response rate of 86%. The time to progression estimates
were similar at 11.2 months in the 90Y-ibritumomab

Table 68.2 Radioimmunotherapy in non-Hodgkin’s lymphoma
131I tositumomab Clinical trial and response rates Response duration

Kaminski et al. 60 patients with LGL: 81% ORR, 20% CR 6.5 months

Zelenitz et al. 250 patients with LGL: 56% ORR, 30% CR 13.5 months

Kaminski et al. 76 patients with untreated LGL: 95% ORR, 74% CR 62% 5 year PFS6

Coleman et al. 55 patients with rituximab relapsed/refractory disease Median not reached at 
who had CR 3.9 years

Y-90 Ibritumomab tiuxetan

Witzig et al. 34 patients Phase I/II study: 82% ORR, 26% CR 12.9 months

Witzig et al. 143 patients randomized to Y-90 Ibritumomab 11.2 months
tiuxetan vs rituximab
ORR 80% for Y-90 Ibritumomab, 30% CR

Witzig et al. 57 patients rituximab refractory: 74% ORR, 15% CR 6.8 months

LGL: low-grade lymphoma; CR: complete response; ORR: overall response rate; PFS: progression-free survival.



tiuxetan group and 10.1 months in the rituximab
group.

Combined safety data from 349 patients treated on
this and four other trials showed the incidence of
thrombocytopenia and neutropenia to be 61% and
57%, respectively.33 In this group of patients, 13%
received granulocyte colony-stimulating factor, 8%
erythropoietin, and 22% and 20%, respectively,
platelet and red blood cell transfusions. 90Y-ibritu-
momab tiuxetan was approved in 2002 for use in
relapsed or refractory low-grade, follicular, or trans-
formed B-cell NHL. A long-term follow-up study has
reported a time to progression of 12.6 months and
response duration of 11.7 months.34

Other trials have further defined the use of 90Y-
ibritumomab tiuxetan in subgroups of patients. A sin-
gle arm phase II study in rituximab refractory patients
reported an overall response rate of 74% and complete
response rate of 15%.35 Patients with detectable levels
of rituximab in their serum at the time of radiolabeled
antibody administration had a lower response rate
than those with nondetectable levels. Currently, mul-
tiple trials are evaluating the combination of 90Y-ibri-
tumomab tiuxetan as an in vivo purge prior to autolo-
gous stem cell transplantation. Thirty-one patients
treated with 90Y-ibritumomab tiuxetan have subse-
quently been successfully mobilized for stem cell
transplantation with no increased toxicity.36 A phase I
study is evaluating sequential treatments of 90Y-ibritu-
momab tiuxetan 3–6 months following initial treat-
ment. With the use of prophylactic growth factors,
retreatment with lower doses of 90Y-ibritumomab tiux-
etan in 15 patients has been safe and well tolerated.20

Finally, investigators are still trying to determine the
best time to give radioimmunotherapy. In a retrospec-
tive analysis, Emmanouilides et al. reported in a study
of patients who received 90Y-ibritumomab tiuxetan as
second-line therapy that the response rate and dura-
tion were greater than those reported in more heavily
pretreated patient populations.37

ANTISENSE OLIGONUCLEOTIDE THERAPY

Antisense oligonucleotides (AS-ON) are short, single-
stranded DNA molecules no longer than 25 bases
which are complementary to a region of mRNA. When
they attach by complementary base pairing, the mes-
senger RNA is degraded, thus preventing downstream
protein expression. In 1977, Paterson and colleagues
demonstrated that gene expression could be modified
by exogenous nucleic acids by use of single-stranded
DNA in a cell-free system.38 The following year,
Zamecnik and Stephenson were able to reproduce the
same results using the first synthetic oligonucleotide.39

For several years, the field remained static due to con-
cerns about reproducibility in more complex eukary-
otic cells and the lack of acceptable targets. In 1983,

these concerns were eliminated when Simons et al.
showed that antisense RNA was a naturally occurring
process in eukaryotic cells and is used for regulating
gene expression.40 In the following decade, the human
genome initiative has accelerated our understanding
of the human genome and discovered multiple possi-
ble targets.

AS-ON exert their effect when these short sequences
of single-stranded deoxyribonucleotides hybridize to
selected mRNA sequences forming a heteroduplex of
the mRNA and DNA. This complex engages the
endogenous RNaseH cleaving the mRNA moiety,
destroying the message, and releasing an intact AS-
ON.41 The molecule is then free to hybridize to
another mRNA sequence. The resulting decrease in the
target mRNA pool leads to a reduction in the specific
encoded protein. In addition, the heteroduplex cannot
appropriately dock with the normal ribosomal
machinery, thereby inhibiting translation into a func-
tional protein.42

To date, the most widely studied AS-ONs are tar-
geted against Bcl-2. Bcl-2 is an antiapoptotic protein
that inhibits the intrinsic apoptosis pathway. The
intrinsic pathway leads to cell death by releasing cas-
pase activating factors, such as cytochrome c, into the
cytosol from the mitochondria.43 Cytochrome c com-
plexes with and activates apoptotic protease activating
factor (APAF-1) beginning the cascade of proapoptosis
proteins. The Bcl-2 protein works in a manner as yet
incompletely understood to stabilize the mitochondr-
ial membrane such that cytochrome c is not released
even when stimuli are present. Elevated levels are not
only associated with tumor cell resistance to normal
apoptotic stimuli, but also to chemotherapeutic-
induced apoptosis, suggesting a role in drug resis-
tance.43,44 Overexpression of Bcl-2 has been associated
with a poor prognosis in patients with low-grade
NHL.44,45 The t(14;18) chromosomal translocation
places the Bcl-2 proto-oncogene under the regulation
of the immunoglobulin heavy chain (IgH) E	

enhancer, resulting in dysregulated expression of the
Bcl-2 protein.46

Oblimersen sodium, or G3139 (Genta Inc.), is the
first AS-ON molecule to be widely tested in patients. It is
a fully phosphorothioated 18-mer AS-ON complemen-
tary to the first six codons of the open reading frame
(ORF) of the Bcl-2 mRNA sequence. Oblimersen was
identified as the most biologically active Bcl-2 antisense
sequence from among a series of 40 AS-ONs designed.47

This compound targeting positions 1–18 of the ORF
reduced Bcl-2 mRNA expression to near the lower limit
of detection within cancer cells.48 Preclinical studies
concerning the role of Bcl-2 in tumor cell lines and ani-
mal xenograft models have demonstrated. Oblimerson
is biologically active, both as a single agent and in com-
bination with standard chemotherapeutic agents.48

Studies have demonstrated that AS-ON specifically
downregulates Bcl-2 protein and induces apoptosis in
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lymphoma cell lines. Separate work by Klasa and Waters
has shown that human lymphoma xenografts treated
with oblimersen resulted in prolonged median survival
and cured some animals.49,50 When oblimersen was
combined with other agents, such as cyclophos-
phamide or rituximab, the mice survived longer. These
promising results lead to several clinical trials. 

Two phase I trials were conducted to evaluate the
safety and activity of oblimersen as a single agent in
patients with NHL.51,52 The larger included 21
patients with Bcl-2-positive relapsed NHL who
received a 14-day subcutaneous infusion.52 The
median age was 54 years, nine had follicular NHL,
eight had small lymphocytic NHL, three had large
cell lymphoma, and one had mantle cell lymphoma.
All patients had received multiple chemotherapy reg-
imens and four patients had received high-dose
chemotherapy and autologous stem cell transplanta-
tion. Oblimersen was delivered by a continuous sub-
cutaneous infusion for 14 days at doses of 4.6–195. 
8 mg/m2/day. All patients experienced local skin
inflammation at the sites of subcutaneous infusion.
Dose limiting toxicities were observed at doses greater
than 147.2 mg/m2/day and consisted of thrombocy-
topenia, fevers, and hypotension. Non-dose-limiting
toxicities included hyperglycemia during the infu-
sion, fatigue, and transient increases in liver enzymes,
which subsequently normalized.53 Three patients
responded (one CR, two minor responses). The
median overall survival for all patients was 13.4
months. The one patient in CR remained disease free
at 36 months after treatment. Among the responding
patients or those with stable disease, the median pro-
gression-free survival was 3.6 months. Ten of 18
patients had a significant reduction in Bcl-2 protein
levels measured in peripheral blood mononuclear
cells, bone marrow, in lymph node tissue. Based on
this study, a dose of 110.4 mg/m2/day was recom-
mended for further evaluation. Currently, a phase II
study is underway at Royal Marsden Hospital using
this dose in patients with relapsed NHL. 

More recent studies have explored the use of
oblimersen sodium in combination with other
chemotherapeutic regimens in hopes of enhancing
treatment-induced apoptosis when Bcl-2 is suppressed.
In an interim analysis, a small cohort of ten
chemotherapy naive patients have been treated with
oblimersen and R-CHOP after failing to initially
respond to six cycles of oblimersen.54 Of these
patients, two had a CR and four had a PR. The combi-
nation of these drugs did not appear to increase the
toxicity of R-CHOP. Another study has combined
oblimersen with rituximab in relapsed NHL. To date, 4
of 11 evaluable patients (36%) responded to the com-
bination therapy.18 Single-agent use of oblimersen
patients with chronic lymphocytic leukemia has
demonstrated activity, but a unique toxicity
emerged.55 Patients developed severe hypotension at

doses well tolerated in other disease indications, and it
is believed that the release of IL-8 at the time of the
infusion may be responsible.56 Additional studies are
underway to further explore the activity of oblimersen
in NHL and CLL. 

GALLIUM NITRATE

Gallium Nitrate is one of the Group IIIa “near-metal”
salts originally evaluated for antineoplastic activity by
researchers at the National Cancer Institute during a
full screening of all elements of the periodic table.
When initially examined by Hart and colleagues, gal-
lium was found to be the most active of the Group IIIa
elements, inhibiting greater than 90% tumor growth
in six of eight subcutaneous solid tumors tested in
rodents, but less effect on leukemia.57,58 Later, phase I
and phase II studies demonstrated the adverse effect of
hypocalcemia, which led to FDA approval in the
United States for the use of gallium nitrate for cancer-
related hypercalcemia. Gallium has further been tested
with encouraging results in patients with lymphoma,
multiple myeloma,59 uroepithelial cancer,60 and ovar-
ian cancer.61 The kinetics of gallium were initially
established by Hall and colleagues in 1971.62 The ini-
tial half-life was 1 h, volume of distribution approxi-
mated total body water, and approximately 94% was
excreted in the urine in the first 24 h. 

A number of mechanisms have been proposed for
the antineoplastic activity of gallium, including cellu-
lar deprivation of ferric iron by transferrin-dependent
inhibition, inhibition of ribonucleotide reductase,
induction of apoptosis, and interference with protein
tyrosine phosphatases. Gallium binds to transferrin,
although at lower affinity than iron, forming a Ga–Tf
complex. It is well established that lymphoma cells
express an increased number of transferrin receptors.63

By absorbing Ga3� instead of Fe3�, the cell up-regulates
transferrin receptors, and therefore permits more
incorporation of gallium into the cell. This inevitably
starves the cell of iron, which may lead to cell death.
There is also evidence that the Ga–Tf complex inhibits
the intracellular release of iron, further leading to the
iron deprivation.64 This intracellular inhibition was
found in vitro to be reversible by transferrin–iron com-
plex, iron salts, or hemin.

A second mechanism of gallium is its interaction
with ribonucleotide reductase. Chitambar et al.65

demonstrated in L1201 leukemia cells that although
inhibition of iron uptake indirectly inhibits the
ribonucleotide reductase M2 subunit, gallium had a
direct effect on the enzyme as well by inhibition of
cytosine diphosphate (CDP) or (ADP). Further stud-
ies showed this interaction between gallium and
ribonucleotide reductase was synergistic with
hydroxyurea, a drug that also interacts with the M2
subunit of ribonucleotide reductase.66
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Initial studies with gallium nitrate in lymphoma
involved bolus administration at a dose of 700 mg/m2

every 2 weeks.67,68 The response rate was low (18%)
and the toxicities included gastrointestinal toxicity,
reversible renal insufficiency, and anemia. To decrease
renal toxicity, Warrell et al. administered gallium
nitrate by continuous 24-h i.v. infusion for 7 days
every 3–5 weeks at doses of 200–400 mg/m2 (Ref. 69).
The maximum tolerated dose, defined by renal insuffi-
ciency, was 400 mg/m2/day. In the phase II study,69 47
patients who had previously failed conventional
chemotherapy and who had bidimensionally measur-
able disease were evaluated. The patient population
had a median of three prior therapies and many had
extranodal involvement. The overall response rate was
34% (10% for Hodgkin’s lymphoma and 43% for NHL
patients), with two complete responses. The median
duration of response was 2.5 months. 

A further trial evaluated mitoguazone 600 mg/m2 i.v.
on days 1 and 10, etoposide 100–125 mg/m2 i.v. on days
2–4, and continuous i.v. gallium nitrate on days 1–7,
given every 3–4 weeks.70 The patient population ranged
from 19–77 years, with a median of two prior therapies
and all had stage III or IV disease. The overall response
rate was 52% but was higher (69%) for patients with dif-
fuse large cell lymphoma. The toxicity of this regimen,
however, was significant. Eighteen patients (42%)
developed neutropenic fevers and three died. Other tox-
icities included mucositis (47%), keratitis and conjunc-
tivitis (26%), diarrhea (21%), renal toxicity (16%), and
optic neuritis (12%), which caused transient blindness
in three of the five patients affected.

A third combination regimen with gallium was
based on the in vitro studies demonstrating synergy
between gallium and hydroxyurea.71 Chitambar and
colleagues evaluated 14 patients with stage III or IV
low- or intermediate-grade, refractory lymphoma. The
age range was 53–80 years, with a median of three
treatments and a median of six previous agents.
Patients received doses of 200, 250, 300, or 350 mg/m2

i.v. continuous infusion gallium for 7 days with either
500 mg or 1000 mg hydroxyurea concomitantly. Six of
the 14 patients (43%) had a response, and the median
response duration was 7 weeks. Further studies are
underway to define the activity of gallium nitrate in
patients with lymphoma. 

PROTEOSOME INHIBITORS

Bortezomib is a dipeptidyl boronic acid proteosome
inhibitor that effectively and specifically inhibits pro-
teosome activity. The proteosome controls the stability
of numerous proteins that regulate progression
through the cell cycle and apoptosis, such as cyclins,
cyclin-dependent kinases, tumor suppressors, and the
nuclear factor-�B.72 By altering the stability or activity
of these proteins, proteosome inhibitors sensitize

malignant cells to apoptosis. In preclinical studies,
bortezomib and other proteosome inhibitors have
shown activity against a variety of B-cell malignancies,
including multiple myeloma, diffuse large B-cell lym-
phoma, mantle cell lymphoma, and Hodgkin’s lym-
phoma.73,74 Based on these findings, phase I clinical
trials were conducted with bortezomib in various solid
and hematologic malignancies. Phase II trials have
been initiated for refractory chronic lymphocytic
leukemia and non-Hodgkin’s lymphoma.75

HISTONE DEACETYLASE INHIBITORS

Histone deacetylase inhibitors are a new class of
chemotherapeutic agents that induce growth arrest
and apoptosis of neoplastic cells by binding to HDACs
and modulating gene expression.

Depsipeptide, FR901228, is an HDAC inhibitor that
has demonstrated potent in vitro and in vivo cytotoxic
activity against murine and human tumor cell lines. In
a phase I trial of depsipeptide conducted at the
National Cancer Institute, three patients with CTCL
had a partial response, and one patient with peripheral
T-cell lymphoma, unspecified, had a complete
response.76 Another HDAC inhibitor, suberoylanilide
hydroxamic acid (SAHA), has also demonstrated activ-
ity in patients with T-cell lymphoma. When adminis-
tered intravenously in patients with advanced cancer,
the maximal-tolerated dose of SAHA was 300 mg/
m2/day � 5 days for 3 weeks. An accumulation of
acetylated histones in peripheral blood mononuclear
cells and biopsied tumor tissue was demonstrated up
to 4 h postinfusion. SAHA demonstrated clinical activ-
ity in patients with CTCL, and phase II clinical trials
are being pursued. The activity of the HDAC inhibitors
in B-cell NHL is currently under investigation.

TUMOR VACCINES

Tumor vaccines are an active immunotherapy in
which the host is induced to generate an immune
response against autologous tumor cells. The different
types of vaccines are quite variable and include those
directed at known tumor-specific antigens, such as the
idiotype vaccines and modified tumor cellular vac-
cines that attempt to enhance immunogenicity by
introducing granuloctye macrophage colony-stimulat-
ing factor or other ligands, which improve or induce
tumor antigen presentation into tumor cells. In addi-
tion, the use of primed antigen presenting cells, such
as dendritic cells, to improve the immune response to
the desired tumor antigens is also being explored.

B-cell lymphomas are clonal disorders with all
tumor cells expressing the same tumor-specific
immunoglobulin, the unique variable regions of
which are termed an idiotype (Id) that can serve as a
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target for immunotherapy. The first clinical trial of
idiotype vaccines in patients with follicular lymphoma
was conducted by Dr. Levy’s group at Stanford.77,78

Thirty-two patients with follicular lymphoma in first
remission were treated with autologous purified Id
protein chemically linked to kehale impel (KLH) as an
immunologic adjuvant. An anti-Id humoral immune
response to the vaccine developed in 14 patients.
Another approach has been to use antigen-loaded den-
dritic cells that have been harvested from the patient
and primed with the purified Id protein. Timmerman
et al. treated 35 follicular lymphoma patients, 25 of
whom were in first remission following cytoreductive
chemotherapy.79,80 Out of the 25 patients treated in
first remission, 23 demonstrated a T-cell or humoral
anti-Id response to the dendritic cell vaccine. At a
median follow-up of 43 months, 70% remain progres-
sion free. Response did not correlate with T-cell

11. Vitetta ES, et al.: Phase I immunotoxin trial in patients
with B-cell lymphoma. Cancer Res 51(15):4052–4058,
1991.

12. Foss FM: DAB(389)IL-2 (denileukin diftitox, ONTAK): a
new fusion protein technology. Clin Lymphoma 1 (suppl 1):
S27–S31, 2000.

13. Olsen E, et al.: Pivotal phase III trial of two dose levels of
denileukin diftitox for the treatment of cutaneous T-cell
lymphoma. J Clin Oncol 19(2):376–388, 2001.

14. Foss FM, et al.: Diphtheria toxin fusion proteins. Curr
Top Microbiol Immunol 234:63–81, 1998.

15. Foss FM:, Interleukin-2 fusion toxin: targeted therapy for
cutaneous T cell lymphoma. Ann N Y Acad Sci 941:
166–176, 2001.

16. LeMaistre CF, et al.: Phase I trial of a ligand fusion-pro-
tein (DAB389IL-2) in lymphomas expressing the recep-
tor for interleukin-2. Blood 91(2):399–405, 1998.

17. LeMaistre CF: DAB(389)IL-2 (denileukin diftitox,
ONTAK): other potential applications. Clin Lymphoma 1
(suppl 1):S37–S40, 2000.

18. Pro B, et al.: Genasense (Bcl-2 Antisense) plus rituxamb
is active in patients with relapsed or refractory B-cell
non-Hodgkin’s lymphoma. Blood 102(11), 2003.

19. Walker PL, Dang NH: Denileukin diftitox as novel tar-
geted therapy in non-Hodgkin’s lymphoma. Clin J Oncol
Nurs 8(2):169–174, 2004.

20. Wiseman G, et al.: Interim safety results of a phase I trial
of sequential doses of Yttrium-90 ibritumomab tiuxetan
for previously treated patients with low-grade non-
Hodgkin’s lymphoma. Proc Am Soc Clin Oncol 22:575,
2003.

21. Wiseman GA, et al.: Phase I/II 90Y-Zevalin (yttrium-90
ibritumomab tiuxetan, IDEC-Y2B8) radioimmunotherapy
dosimetry results in relapsed or refractory non-Hodgkin’s
lymphoma. Eur J Nucl Med 27(7):766–777, 2000.

22. Witzig TE, et al.: Phase I/II trial of IDEC-Y2B8 radioim-
munotherapy for treatment of relapsed or refractory
CD20(�) B-cell non-Hodgkin’s lymphoma. J Clin Oncol.
17(12):3793–3803, 1999.
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response but favored those who mounted a humoral
response; the difference however was not statistically
significant. These data have formed the basis for two
ongoing large randomized trials in patients with follic-
ular lymphoma in first remission treated with a similar
Id-KLH-pulsed dendritic cell vaccine. 

Additional studies are underway to explore the use
of anti-Id vaccines in patients who have been cytore-
duced with chemotherapy. These studies require
tumor biopsies for generation of the anti-Id vaccine,
thus limiting accrual to patients with readily accessible
tumor tissue. New advances in amplification and
cloning of Id proteins using mammalian cells grown in
tissue culture, recombinant bacteria, tobacco mosaic
virus as a vector for engineering protein production in
tobacco plants, naked DNA, and recombinant viruses
are underway and may facilitate the availability of
these therapies for an increased number of patients. 
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69Chapter 69
HODGKIN’S LYMPHOMA: 
EPIDEMIOLOGY AND 
RISK FACTORS
Brian J. Bolwell

HISTORY

The first description of Hodgkin’s lymphoma (HL)
occurred when Thomas Hodgkin described the clinical
history and postmortem findings of seven patients
who developed a massive enlargement of lymph nodes
and spleen.1 Hodgkin was not formally credited with
this discovery, however, until 1865 when Sir Samuel
Wilkes published a paper entitled “Cases of enlarge-
ment of lymph glands and spleen (or Hodgkin’s lym-
phoma), with remarks.”2 Drs Carl Sternberg and
Dorothy Reed are credited with the first definitive
microscopic descriptions of HL.3,4

DESCRIPTIVE EPIDEMIOLOGY

HL is an uncommon cancer, with approximately 8000
new cases diagnosed in the United States annually.5

Several large epidemiologic reports have noted that
males have a slightly higher incidence of HL than do
females; that whites are at higher risk than are blacks;
and that HL seems to be more common in patients of
higher socioeconomic class than in those of lower
socioeconomic class.6–11

HL is associated with a bimodal age-specific inci-
dence distribution. The first peak occurs in early

adulthood, beginning at ages 10–14, peaking at ages
20–24, and decreasing at age 40–44. The second peak
begins at age 50 and increases over time. Forty-one
percent of cases are diagnosed in patients aged
20–34.6

Nodular sclerosing (NS) HL accounts for the majority
of histologic subtypes of HL associated with the early-
age incidence peak. NS HL has an essentially unimodal
age-specific incidence, with a peak in young adults aged
20–24. The age-specific incidence rate for NS HL falls off
by age 40–44, then remains relatively constant between
the ages 45 and 64. Mixed cellularity HL has a unimodal
age distribution, its incidence increasing slowly with
age. By the age of 50, mixed cellularity has been reported
to be the most common histologic subtype of HL.6

Lymphocyte-depleted HL is rare in younger patients,
and progressively increases with age.

HL is more common in first-degree relatives.12–16

Some data suggest that siblings have a two- to fivefold
increased risk of developing HL; same sex siblings may
have up to a ninefold risk.16 When HL occurs in fami-
lies, it is more likely to involve males. Some early
reports suggested that HL may be contagious, particu-
larly by airborne transmission, although subsequent
studies conclusively refuted this possibility.17–19

Certain HLA antigens, particularly HLA-DP, have been
associated with an increased incidence of HL and with
clinical outcome.20–22

2Section 2
HODGKIN’S DISEASE
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HODGKIN’S LYMPHOMA AND VIRUSES

THE POSSIBLE RELATIONSHIP OF EPSTEIN–BARR 
VIRUS TO HODGKIN’S LYMPHOMA
A Danish population-based study published in 1974
described over 17,000 people with a history of a posi-
tive Epstein–Barr (EBV) test, to determine if these
patients were at risk for the development of subse-
quent malignancies. A significantly higher-than-
expected incidence of HL in this patient population
was discovered.23

Since this observation, many investigators have
employed increasingly sophisticated techniques
attempting to determine not just a link but also a causal
association between EBV and the development of HL.
Between 19 and 40% of diagnosed cases of HL are gen-
erally reported to have detectable EBV viral genomes in
Reed–Sternberg cells.24 Other investigators have noted
the following: pediatric cases of HL seem to have a
higher proportion of EBV-associated HL than do those
of adults; there is a higher incidence of mixed cellular-
ity histologic subtype associated with EBV than of other
HL histologic subtypes; and the association of EBV in
HL may be stronger in less developed countries and in
populations with lower socioeconomic status.25–30

A recent update of a vast population-based registry
study from Denmark and Sweden involving over
38,000 infectious mononucleosis patients confirmed
that only HL and skin cancers occurred in statistically
significant increased numbers; no other cancer was
associated with infectious mononucleosis/EBV.31 The
conclusion was that the increased risk of HL appears to
be a specific phenomenon.

However, many questions remain. The most obvious
question is why are some cases of HL EBV positive and
other cases EBV negative? Additionally, whether or not
the presence of EBV viral genome Reed-Sternberg cells is
a proof of causality is a very open question; most of the
US population has been exposed to EBV, and one recent
study found that the vast majority of small EBV-positive
CD30� cells carried somatically mutated V-region genes,
indicating that in lymph nodes of patients with HL, as
in the peripheral blood of healthy individuals, EBV per-
sists in memory B cells.32 One might argue that EBV-
negative HL is associated with other viruses; however,
there is no significant evidence that this is the case.33

Another theory suggests that EBV may be involved in
all HL cases but may be undetectable only in some; EBV
might infect the cell, transform it, and then it is elimi-
nated (the hit-and-run theory), though this theory has
been difficult to substantiate.

A large Danish and Swedish registry study compar-
ing EBV-positive and EBV-negative HL has recently
been published.34 Over 17,000 patients with serologic
evidence of EBV infection were compared to a cohort
of over 24,000 individuals without known EBV infec-
tion. Tumor specimens from patients developing HL
were tested for the presence of EBV. Fifty-five percent

of tumor specimens obtained from patients with
infectious mononucleosis had evidence of EBV. There
was no evidence of an increased risk of EBV-negative
Hodgkin’s lymphoma after infectious mononucleosis.
In contrast, the risk of EBV-positive Hodgkin’s lym-
phoma was significantly increased. The estimated
median incubation time from mononucleosis to EBV-
positive Hodgkin’s lymphoma was 4.1 years. The risk
of Hodgkin’s lymphoma in the seropositive cohorts
remains increased for two decades. The authors con-
cluded that a causal association between infectious-
mononucleosis-related EBV infection and the devel-
opment of EBV-positive Hodgkin’s lymphoma was
likely. The authors also emphasized that in absolute
terms, the risk of Hodgkin’s lymphoma after infec-
tious mononucleosis is only approximately 1/1000
persons; thus, other cofactors to explain the ulti-
mately etiology of EBV-positive and EBV negative HL
remain to be elucidated.

HODGKIN’S LYMPHOMA AND HIV
Although HL is not an AIDS-defining malignancy, there
is a well-known increased risk for the development of
HL in human immunodeficiency virus (HIV) infected
individuals.35–41 Some differences do exist between
HIV associated HL and non HIV associated HL. HIV-
associated HL is diagnosed at a more advanced stage
than non-HIV-associated HL; has a higher incidence of
extranodal involvement; and is more likely to have an
underlying histology of mixed cellularity.36–38

One large series from France described 45 cases of
HL in HIV-infected individuals. Forty-nine percent of
patients presented with mixed cellularity histology,
75% with advanced stage, and 80% with B symptoms.
Not only mediastinal involvement is a site of presen-
tation in over 50% of patients with primary HL that
this series described only 13% of HIV positive HL
patients with mediastinal involvement. This study
found that HIV-associated HL was preceded by an
AIDS manifestation in only 11% of cases. Median
CD4 cell count was 306/	L at diagnosis. With stan-
dard therapy, 79% of patients achieved a complete
remission, but hematologic and infectious complica-
tions were frequent. Prognosis correlated with initial
CD4 cell count.35

Another large study from Italy described 114 cases
of HIV-associated HL.41 As with other studies, the
authors noted an increase in mixed cellularity histol-
ogy, a high prevalence of advanced-stage disease, and
extranodal involvement. The most powerful prognos-
tic factor was the CD4 count at diagnosis; patients
with a CD4 count of greater than 250/	L had a better
prognosis. Eighteen patients could be studied for the
presence of EBV viral genomes. Seventy-eight percent
of patients were found to have EBV associated with
their HL. This relationship of EBV-positive HL and
HIV-associated HL was confirmed in a subsequent
study, in which Reed-Sternberg cells of virtually all
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studied HIV-associated HL patients expressed the EBV-
encoded latent membrane protein 1.40 Therefore, the
association of HIV infection with HL may be part of
the complex relationship between EBV infection and
the development of HL.

Historically, clinical outcomes of patients with
HIV-associated HL have been poor, with patients
experiencing frequent infectious complications, and
a more aggressive disease process. However, a recent
report from Italy described 59 patients receiving
combination chemotherapy with highly active retro-
viral therapy (HAART) and granulocyte colony-
stimulating factor (G-CSF). Patients were treated
with the Stanford V combination chemotherapy,
which was well tolerated in 69% of patients complet-
ing treatment without dose reduction or delay in
chemotherapy administration. Complete response
was achieved by 81% of patients, and 56% were alive
in remission with a median follow-up of 17 months.
The authors concluded that in the era of HAART and
G-CSF support, the delivery of combina tion
chemotherapy to HIV-infected individuals is more
feasible and more effective than seen previously.42

POSSIBLE ASSOCIATION OF HODGKIN’S 
DISEASE WITH RHEUMATOLOGIC 
CONDITIONS TREATED WITH 
METHOTREXATE

Conflicting data exist describing a possible association
of the development of lymphoproliferative disorders,
including HL, with rheumatoid arthritis and other
connective tissue disease.43–46 Case reports have
described an association of HL with patients receiving
mild doses of methotrexate to treat their underlying
condition. This has lead to the question of whether
such patients receiving methotrexate, particularly
those with rheumatoid arthritis, are at higher risk of
developing lymphomas, including HL.

Over 25 years ago, Banks et al. published a retrospec-
tive review of all patients seen at the Mayo Clinic from
1965 to 1975 with a diagnosis of both a connective tis-
sue disorder and a lymphoid malignancy.47 Twenty-
nine patients were identified, two with HL. There was
no particular pattern of the type of lymphoproliferative
disorder seen. There was also no mention of treatment
for the underlying rheumatologic condition. However,
the authors concluded that there was little evidence of
an association between the two. The Mayo Clinic subse-
quently updated their data, describing 16,000 patients
with rheumatoid arthritis seen from 1976 to 1992 that
were cross-indexed with 21,000 patients who had hema-
tologic malignancy and received a disease-modifying
antirheumatic drug.48 Thirty-nine patients fit this defin-
ition, four of which had HL. Twelve of the thirty-nine
cases received methotrexate (two with HL). The lym-
phoid malignancies occurred at a median of 15 years

after the diagnosis of rheumatoid arthritis. There was no
pattern to the lymphoproliferative disorder seen. The
authors concluded that the data did not support a rela-
tionship between methotrexate and any particular type
of hematologic malignancy.

A study from France analyzed 426 rheumatoid arthri-
tis patients treated with methotrexate to determine
whether or not there was an increased incidence of can-
cer, compared with both rheumatoid arthritis patients
never treated with methotrexate (rheumatoid control)
and the regional population.49 The regional population
consisted of over 800,000 individuals. After an extensive
analysis, the authors concluded that methotrexate was
not found to be responsible for the development of any
particular type of cancer, including hematologic cancers.

The most recently published study investigating a
possible association between rheumatoid arthritis
patients treated with methotrexate and the develop-
ment of lymphoma is a national study from France,
consisting of 61 rheumatology departments treating
and following 78,000 rheumatoid arthritis
patients.50 All new cases of lymphoma occurring in
rheumatoid arthritis patients over a 3-year period
from 1996 to 1998 were described. The incidence of
the development of non-Hodgkin’s lymphoma
(NHL) and HL in the study group was compared to
that of the general French adult population in 1998
(46 million individuals). Twenty-five new cases of
lymphoid malignancy were discovered. The median
age was 63 years. The median time from the diagno-
sis of rheumatoid arthritis to the development of a
lymphoma was 16 years. The median duration of
methotrexate therapy was 5 years. Of particular
interest was the fact that in contrast to many case
reports describing regression, and even resolution, of
lymphoma when methotrexate therapy is discontin-
ued, this report found that of 24 patients in whom
methotrexate was stopped, only 3 patients developed
a spontaneous remission and 2 later relapsed. The
observed annual incidence of NHL in the study
group did not significantly exceed the annual inci-
dence of NHL in the general French population after
adjustment for age and sex. Only seven patients
developed HL, and these small numbers make any
definitive conclusion problematic.

Several studies have pointed out another confound-
ing variable concerning the possible association of
lymphoproliferative disorders with methotrexate ther-
apy for patients with rheumatologic arthritis. Any
immunosuppressive therapy may increase the risk of
viral infection, including EBV. Many reports have
shown that patients developing HL while receiving
methotrexate therapy have detectable EBV virus, and
that the EBV viral genome can be detected within the
malignant lymphoid cells.51–54 It is far more likely that
any association between connective tissue disorder
patients receiving immunosuppressive therapy and
the development of lymphoproliferative disorders,
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70Chapter 70
PROGNOSTIC FACTORS IN
HODGKIN’S LYMPHOMA
Michel Henry-Amar

Since the beginning of the twentieth century, the con-
cept has emerged that Hodgkin’s lymphoma evolves
through successive clinical stages associated with
increasing disease spread and worsening clinical out-
come. The validity of this concept has progressively been
confirmed leading to the conception of staging classifi-
cations based on anatomic extent of the disease. In 1971,
a consensus was reached at the Ann Arbor Workshop on
the Staging of Hodgkin’s lymphoma.1 Thereafter, the so-
called Ann Arbor classification was universally adopted
and its prognostic significance confirmed through
numerous publications, in particular one in which more
than 14,000 cases from 20 cooperative groups or institu-
tions were combined.2 It is still used for the evaluation of
patients presenting with the disease.

As time and data accumulated, it became obvious
that the Ann Arbor staging could not be the sole prog-
nostic tool in daily practice. In 1988, a modification of
the Ann Arbor classification was advised by specialists
attending the Cotswolds meeting in England.3 The
major modification concerned the designation of the
disease extent and bulk. However, this classification is
not generally used.

A variety of other clinical and biological characteris-
tics have been used and claimed to be of prognostic sig-
nificance. Some of these characteristics, combined with
others, have been applied to retrospective series and
demonstrated their prognostic value. They are presently
used by several cooperative groups or institutions in the
design of clinical trials. An extensive review of the litera-
ture has been published by Specht and Hasenclever in
1999.4 Therefore, we will focus on the definition of prog-
nostic factors and end points. We will also give examples
specific for early and advanced stages. We will then dis-
cuss some issues that develop when using prognostic
factors in the management of Hodgkin’s lymphoma.

METHODOLOGICAL ISSUES

DEFINITION AND USE OF PROGNOSTIC FACTORS
Prognostic factors are variables measured in individuals
that offer a partial explanation of the heterogeneity

observed in the outcome of a given disease.5 Prognostic
factors may be used to predict the outcome of
Hodgkin’s lymphoma on a population (or a group of
patients) basis, but not for individual patients.6

Prognostic factors can be used to define risk groups,
thus playing a role in treatment selection. In the setting
of a clinical trial, they can be used in the definition of
eligibility criteria and for stratification before random-
ization. In the analysis of a trial’s results, prognostic
factors may allow adjustments to improve the value of
statistical comparisons made. However, the use of prog-
nostic factors will never justify the comparison of treat-
ments described by nonrandomized studies.7,8

TYPES
Prognostic factors can be tumor related or patient
related. Tumor-related factors reflect the type of the
tumor, the extent of the disease, and the characteris-
tics related to the tumor growth. These characteristics
can be measured on the tumor itself or may be surro-
gate measures such as serum markers. Patient-related
factors more often correspond to demographic charac-
teristics or patient physiologic reserve, such as perfor-
mance status. Generally speaking, tumor as well as
patient-related factors are important for outcome
although one may keep them separate, especially
when they are used in the selection of treatment.

Usually, prognostic factors are grouped according to
the point in time at which they are recorded.6 Their
values should be known at the point from which prog-
nosis (i.e., time to response or more generally time to
event) is measured. Such prognostic factors for which
a single value is available (measured at diagnosis,
before the start of treatment) are called fixed covari-
ates. Other prognostic factors may be available only
during treatment (e.g., received dose intensity, acute
toxicity), or after the treatment is completed, or the
study is closed (e.g., response to treatment, time to
response). These prognostic factors are called time-
dependent covariates.5 Their use is generally a source
of difficulties because time-dependent covariates may
be affected by the treatment and such variables should

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



never be used in statistical adjusted comparisons
between treatments.

END POINTS
Prognostic factors that correlate with an outcome vari-
able must have clearly defined end points.9 These may
relate to treatment efficacy, such as response to ther-
apy, acute toxicity, or treatment failure within a given
time; they may also relate to long-term results, such as
relapse-free survival for patients who reach a complete
remission, disease-free survival, treatment failure-free
survival, overall or cause-specific survival, or cumula-
tive probability of late toxicity (e.g., secondary malig-
nancies). Variables that correlate with survival in
Hodgkin’s lymphoma are often nonspecific, such as
age at diagnosis and gender.

RELATIONS AMONG FACTORS
For a variable to qualify as a useful prognostic factor, it
must be significant, independent, and clinically
important.10 Many, if not all, variables are potentially
of prognostic significance and many proved to be so in

univariate analysis. However, variables are likely to be
highly interrelated and some may be partial substi-
tutes for one another, and few present with indepen-
dent prognostic value. Moreover, factors exist that pre-
dict for a given therapy only; some for a given stage
and some in the context of the presence of other fac-
tors. The use of multivariate statistical analyses is
needed to assess which factors are independently sig-
nificant and which only correlate with known prog-
nostic factors but are without independent prognostic
significance. This last point dramatically highlights
the limits of prognostic studies, either retrospective or
prospective, since the results highly depend on the
variables available for all cases enrolled and the statis-
tical model used.

PROGNOSTIC FACTORS

FIXED COVARIATES
As previously mentioned, agreed prognostic factors have
been assessed in various settings. Table 70.1 summarizes
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Table 70.1 Prognostic factors shown to be independently significant

aFrom one series only.11

In pathological stage I–II patients treated with radiotherapy
alone

� Number of involved regions
� Large tumor mass, in particular mediastinal
� Tumor burden, i.e., combination of number of involved

regions and tumor size in each region
� B symptoms
� Histologic subtype
� Age
� Gender

In clinical stage I–II patients treated with radiotherapy alone
� Number of involved regions
� Disease confined to upper cervical nodes
� Large mediastinal mass
� B symptoms
� Erythrocyte sedimentation rate
� Anemia
� Serum albumin
� Histologic subtype
� Age
� Gender

In clinical stage I–II patients treated with combined-modality
therapy

� Number of involved regions above the diaphragm
� Large mediastinal mass
� B symptoms
� Erythrocyte sedimentation rate
� Age
� Gender

In clinical stage I–II patients treated with chemotherapy alonea

� Number of involved regions
� Tumor bulk
� Age

In advanced disease
� Stage IV disease
� Tumor burden
� Very large mediastinal mass
� Inguinal involvement
� B symptoms
� Erythrocyte sedimentation rate
� Anemia
� Serum albumin
� Serum alkaline phosphatase
� Leukocytosis
� Lymphocytopenia
� Serum LDH
� Serum �2-microglobulin
� Histologic subtype
� Age
� Gender

Prognostic factors for laparotomy findings in supradiaphrag-
matic clinical stage I–II

� Number of involved regions above the diaphragm
� Disease confined to upper cervical nodes
� Mediastinal involvement
� B symptoms
� Erythrocyte sedimentation rate
� Histologic subtype
� Age
� Gender



factors shown to be independently significant on event-
free survival (with event being relapse or treatment fail-
ure) in pathological stage I-II patients treated with radio-
therapy alone, clinical stage I-II patients treated with
radiotherapy alone, clinical stage I-II patients treated
with combined-modality therapy, in those treated with
chemotherapy alone (in one series only),11 or in patients
with advanced disease. Some of these factors have also
proved to predict for laparotomy findings in supradi-
aphragmatic clinical stage I-II patients. Beside age and
gender always mentioned, the number of involved
regions, mediastinal involvement (more often bulky) or
tumor burden, histologic subtype, B symptoms, and ery-
throcyte sedimentation rate are commonly reported
over all settings. However, this data mostly concerns
adult patients; very few are known in pediatric patients,
thanks to the success obtained with combined-modality
therapies since the late 70s.

TIME-DEPENDENT COVARIATES
Similarly, prognostic factors for outcome after relapse
have been reported according to initial treatment type
or to the treatment given for relapse or refractory dis-
ease. In relapsing patients after initial treatment with
radiotherapy alone who are given chemotherapy, the
extent of disease at relapse, the type of relapse (nodal
or extranodal), histologic subtype, and older age at
relapse have been shown of prognostic value. In con-
trast, time to relapse usually does not correlate with
outcome. In relapsing patients after initial chemother-
apy alone or combined-modality therapy, two factors
have consistently been associated with poor outcome:
the response to initial treatment (complete remission,
partial remission, no remission) and the duration of
initial remission. These factors were independent of
the type of second-line treatment. Other factors
reported are the extent of disease at relapse, extranodal
relapse, B symptoms at relapse, histologic subtype,
stage IV at original diagnosis, and age and perfor-
mance status. In relapsing patients undergoing high-
dose chemotherapy and stem cell transplantation for
relapse or refractory disease, several factors have
shown to influence the prognosis: the response to ini-
tial treatment, the duration of initial remission, the
number of failed treatments before the given relapse,
and response to high-dose chemotherapy before trans-
plantation. Other factors also reported are the extent
of disease before transplantation, extranodal relapse,
pleural involvement or multiple pulmonary nodules at
relapse, B symptoms at relapse, increased serum lactic
dehydrogenase (LDH) before transplantation, and
poor performance status.

PROGNOSTIC INDICES OR SCORES

As soon as factors have been identified to correlate
with clinical outcome, investigators have combined all

or part of these factors with the aim of obtaining a
score that can predict for outcome: the higher the
score, the lower the probability of remission, relapse or
treatment failure-free survival, or overall survival.
Scores were built from data accumulated in early or
advanced stage patient series, enrolled or not in ran-
domized clinical trials, or were based on individual
data from randomized clinical trials analyzed using the
meta-analysis approach. Only prognostic scores based
on large series of patients or derived from adequate sta-
tistical analysis are reviewed next.

PROGNOSTIC SCORES IN EARLY STAGES
British National Lymphoma Investigation 
(BNLI) index
In 1985, Haybittle and coworkers reported that age,
gender, mediastinal involvement, pathologic grade
based on histologic subtype, and erythrocyte sedimen-
tation rate were independent prognostic factors on
cause-specific survival in clinical stage I-IIA patients.12

Using these factors, they derived a quantitative prog-
nostic index based on the results of multivariate
regression analysis performed on data from 743
patients. This index was expressed as follows:
I 
 0.05 (age in years) � 1.0 (mediastinal involvement,
coded 1 for uninvolved mediastinum, 2 for involved
mediastinum) � 2.0 (pathologic grade, coded 1 if lym-
phocyte predominant or nodular sclerosing type 1, or
2 if nodular sclerosing type 2 or mixed cellularity) � 1.0
(erythrocyte sedimentation rate, coded 1 if below 10
mm/1st hour, 2 if between 10 and 39 mm/1st hour,
and 3 if 40 mm/1st hour or above) � 1.2 (gender,
coded 1 for male, 2 for female).

The index ranged from 2.5 for a young girl aged 15
without adverse factors to 11.5 for a man aged 70 with
all adverse factors. In the BNLI series, the value of the
index was I � 5.0 in 32% of patients, 5.0 � I � 7.5 in
52%, and I � 7.5 in 16%. A high index value (I � 7.5)
corresponded to high-risk patients, while patients with
I � 7.5 had a low risk of cause-specific death whatever
the level of the index.

German Hodgkin Study Group (GHSG) approach
The aim of the GHSG study was to adapt treatment in
supradiaphragmatic clinical stage I-II patients according
to their risk of occult infradiaphragmatic involvement.
A retrospective multivariate analysis (logistic regression)
was performed on pretherapeutic clinical characteristics
of 391 laparotomized patients.13 Twenty one percent
had subdiaphragmatic disease. Of the factors (clinical
including nodal presentation and biologic) tested,
four independently correlated with infradiaphrag-
matic disease: left cervical involvement, mediastinal
involvement, Karnofsky performance status less than
10, and histologic subtype (mixed cellularity or lym-
phocytic depletion). The regression coefficients were
then used to derive a quantitative estimate of the prob-
ability of infradiaphragmatic disease for individual
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patients. It ended in defining two groups of patients at
low or high risk. The low-risk group was composed of
patients with no left cervical involvement, mediastinal
involvement, and Karnofsky index equal to 10 (19% of
patients), or with no left cervical involvement, medi-
astinal involvement, and lymphocyte predominant or
nodular sclerosing histologic subtype (19% of patients),
or with mediastinal involvement, Karnofsky index
equal to 10 and lymphocyte predominant or nodular
sclerosing histologic subtype (19% of patients). The
high-risk group comprised of patients with left cervical
involvement and mediastinal involvement (25% of
patients), or with no mediastinal involvement and
mixed cellularity or lymphocytic depletion histologic
subtype (29% of patients). All other patients were con-
sidered with intermediate risk. The probability of infra-
diaphragmatic disease was 8% in patients at low risk
and more than 35% in patients at high risk.

European Organization for Research and Treatment
of Cancer (EORTC) scoring system
Based on 25-year experience of the management of
supradiaphragmatic early stage Hodgkin’s lymphoma,
the EORTC Lymphoma Group has defined treatment
strategies based on prognostic factors with the objective
of adapting the treatment aggressiveness (i.e., combined-
modality therapy) to patients at high risk of treatment
failure in order to avoid most treatment-related compli-
cations. In 1989, Tubiana and coworkers published the
results of a multivariate analysis based on a total of 1579
patients enrolled into four successive randomized clini-
cal trials over the 1964–1987 period.14 Six factors were
proven to independently correlate with either disease-
free survival or overall survival: age (�40, 40–49, �50
years), gender, number of nodal areas involved (1, 2 or 3,
4 or 5), histologic type (lymphocyte predominant or
nodular sclerosing), B symptoms, and erythrocyte sedi-
mentation rate (�30, 30–49, �50 mm/1st hour). The
originality of the publication consisted in the discussion
on the balance that exists between two types of risk—the
risk of treatment failure because of too light treatment
and that of long-term complications following extended
field irradiation or combined-modality therapy using
aggressive chemotherapy. After multivariate analysis,
three prognostic groups were defined. The very favor-
able group included females aged 39 years or less, with
stage I disease, lymphocyte predominant or nodular
sclerosing histologic subtype, no B symptoms, and ery-
throcyte sedimentation rate less than 30 mm/1st hour.
They represented 6% of all patients. A simulation was
performed to help in defining the unfavorable group of
patients. Three options were discussed. Option A con-
cerned patients aged 50 years or more, or with three or
more nodal areas involved, or with no B symptoms and
erythrocyte sedimentation rate more than or equal to 50
mm/1st hour, or with B symptoms and erythrocyte sed-
imentation rate more than or equal to 30 mm/1st hour.
Forty-nine percent of patients were option A. Option B

had the same definition as option A except that only
patients with four or five nodal areas involved were con-
sidered. Option B would include 38% of all patients. In
option C, patients aged 50 years or more, or with four or
five nodal areas involved, or patients aged 40–49 years
with no B symptoms and erythrocyte sedimentation
rate more than or equal to 50 mm/1st hour, or those
with B symptoms and erythrocyte sedimentation rate
more than or equal to 30 mm/1st hour were considered.
Option C concerned 19% of patients. All other patients
not fitting with very favorable or unfavorable definitions
were considered in the favorable group, i.e., 45, 56, or
75% of all patients according to option A, B, or C, respec-
tively. Based on the projected probability of disease-free
survival and overall survival, option B was selected in
the design of the H7 trial.15 However, in this trial the
presence of bulky mediastinal involvement qualified
patients as an unfavorable prognostic group, although
this factor was not included in the overall prognostic
study performed because it was not recorded.16 The
EORTC scoring system, still in use since the H7 trial
start, in particular in the two following trials H8 and H9,
is presented in Table 70.2.17–19

Investigators who have defined a prognostic score
they trust in are prone to use it in the design of the next
study; they may also wait before its prognostic value is
confirmed based on independent series. The design of
the EORTC H7 trial was based on the newly defined
EORTC scoring system; it also included an experimental
strategy to test its validity. In the favorable group,
patients were randomized to receive subtotal lymphoid
and splenic irradiation (standard treatment) or six
courses of EBVP (epirubicin, bleomycin, vinblastine,
prednisone) followed by involved–field irradiation. In
the unfavorable group, patients were randomized to
receive six courses of  MOPP/ABV (mechlorethamine,
vincristine, procarbazine, prednisone, doxorubicin,
bleomycin, vinblastine) hybrid and involved-field irra-
diation (standard treatment) or six courses of EBVP and
involved-field irradiation. Beside the treatment compar-
ison within each prognostic group, the trial design
tested the prognostic value of the scoring system by
comparing the two groups of patients treated with EBVP
and involved-field irradiation. It is the only example of
an experimental prospective design made to assess the
value of a prognostic score.

PROGNOSTIC SCORES IN ADVANCED STAGES
St. Bartholomew’s Hospital and Christie 
Hospital experience
Two series of patients with stage IIIB–IV were combined
for a total of 301.20 At both hospitals, patients were
treated with combined-modality therapy. The end
point was overall survival. Four factors emerged from
multivariate analysis: age �45 years, male gender,
absolute lymphocyte count less than 0.75 � 109 /L, and
stage IV. Three prognostic groups could be defined. The
low risk group was composed of patients aged less than
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45 years with lymphocyte count more than 0.75 � 109 /L
or female with stage IIIB (59% of patients). The high-
risk group comprised male patients with stage IV dis-
ease, aged more than 45 years, or with lymphocyte
count less than 0.75 � 109 /L (26% of patients). All
other patients were included in the intermediate prog-
nostic group (15% of patients). The difference in sur-
vival probability was highly significant (P � 0.001).

Memorial Sloan-Kettering Cancer Center 
(MSKCC) experience
The series concerned 161 patients with stage IIB, IIIB,
or IV disease who were treated between 1975 and 1984
according to two successive protocols.21 All patients
received combined-modality therapy. The main end
point was overall survival. With multivariate analysis,
five factors were shown to have independent prognos-
tic value: age �45 years, serum LDH � 400 UI/L, low
(abnormal) hematocrit, inguinal involvement, and
bulky mediastinal mass �0.45 of the thoracic aperture.
Since the regression coefficients corresponding to the
five factors were of the same magnitude (range
1.49–2.99), each of them was considered with equal
significance. Therefore, the prognostic score was
derived from the sum of adverse factors present, theo-
retically ranging 0–5. Patients who expressed none or
only one adverse factor (60% of all patients) were con-
sidered at low risk of death, while those with two or
more (40% of patients) were considered at high risk of
death. The same five factors plus one, bone marrow
involvement, were used to predict for disease progres-
sion. Again, patients who expressed none or only one
adverse factor displayed significantly better progres-

sion-free survival rate at 4 years than those who
expressed two or more factors.

Italian experience
Gobbi and coworkers attempted to predict expected
median survival time (EMST) including deaths from all
causes.22 Factors retained in the model were age, gen-
der, clinical stage, histologic subtype, erythrocyte sedi-
mentation rate, and serum albumin. A proposed equa-
tion was as follows: EMST 
 [326.9 � 64.6 erythrocyte
sedimentation rate – 70.6 clinical stage � 60.2 histo-
logic type � 40.4 age �29.9 serum albumin � 24.3
gender] � 0.693, that predicts a survival duration in
months for a given individual.

European bone marrow transplantation 
(EBMT) experience
In 1996, Federico and coworkers reported the predic-
tive value of an index based on the MSKCC scoring
system applied to stage III-IV disease with overall sur-
vival as endpoint.23 Patients were considered at high
risk of death if they presented with at least two of the
following factors: mediastinal mass �0.45, stage IV
E�, high serum LDH, inguinal nodal involvement, low
hematocrit, or bone marrow involvement.

International Prognostic Index (IPI)
The International Prognostic Factors Project for
Advanced Hodgkin’s lymphoma was initiated by the
GHSG to propose a score that could predict for both
freedom from progression of disease and overall sur-
vival.24 Twenty-five cooperative groups or institutions
participated and a total of 5141 cases treated with
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Table 70.2 The European Organization for Research and Treatment of Cancer scoring system in supradiaphragmatic 
clinical stage I–II

Factor Score according to code

Agea � 40 
 0, 40–49
 1, �50 
 9
Gender Female 
 0, male 
 1
Clinical stageb I 
 0, II2–3 
 1, II4–5 
 9
B symptoms and ESR

c
A and ESR � 50 
 0, B and ESR � 30 
 1
A and ESR �50 
 9 or B and ESR � 30 
 9

Mediastinumd Uninvolved or not bulky 
 0, bulky involvement 
 9
Histologic subtype Lymphocyte predominant or nodular sclerosing 
 0

Mixed cellularity or lymphocytic depletion 
 1

Total score 0–38

0 Patient belongs to the very favorable prognostic group
1–4 Patient belongs to the favorable prognostic group
� 9 Patient belongs to the unfavorable prognostic group

aIn years.
bFive major nodal areas were defined as follows: the whole neck including the supraclavicular area (left and right); the axilla 
including the infraclavicular area (left and right); the whole mediastinum including the hilar nodes on both sides (one area)
II2–3, stage II with two or three nodal areas involved
II4–5, stage II with four or five nodal areas involved
cErythrocyte sedimentation rate, in mm/first hour.
dBulky mediastinal involvement if M/R ratio � 0.35 where M/T ratio is defined as the largest diameter of the mediastinum/
thoracic diameter at the T5-T6 level, in standing position.16



combination chemotherapy for advanced Hogkin’s
disease, with or without radiotherapy, were collected.
The IPI score was calculated from the set of patients
with complete data (31% of all patients) and partially
validated on an additional 2643 patients (51%) with
not all data available. Seven factors displayed indepen-
dent prognostic value on progression-free survival:
serum albumin less than 4.0 g/dL, hemoglobin less
than 10.5 g/dL, male gender, stage IV disease, age more
than or equal to 45 years, white-cell count more than
or equal to 15,000/mm3, and lymphocyte count less
than 600/mm3 or 8% of white-cell count. All seven fac-
tors were associated with coefficients of risk that were
similar (range 1.26–1.49). Therefore, the IPI score was
calculated as the sum of the factors present, ranging
from 0 to 7. Among the “working” patient group (N 


1618), the score was equal to 0 in 7%, 1 in 22%, 2 in
29%, 3 in 23%, 4 in 12%, and more than or equal to 5
in 7%. In the validation patient group (N 
 2643),
these figures were 7, 25, 31, 22, 11, and 4%, respec-
tively. The score highly predicted for progression-free
survival, and a proposal was made that patients be sub-
grouped in those presenting with 0–2 factors and those
presenting with more than or equal to three factors.
The IPI score also predicted for overall survival: the
higher the score, the lower the survival rate. Later,
Bierman and coworkers reported that the IPI score pre-
dicts for both event-free survival and overall survival
in patients with advanced Hodgkin’s lymphoma
treated with autologous hematopoietic stem cell trans-
plantation.25 The IPI score could be calculated for 579
of the 739 advanced-stage patients enrolled into the
EORTC H34 trial.26 Forty percent of patients had 0–2
factors and 60% three factors or more. The 5-year pro-
gression-free survival rates were 84% and 74% in the
two groups, respectively (P 
 0.002), while the 8-year
overall survival rates were 85% and 64% (P � 0.001)
(unpublished data). The applicability of the IPI score
to early stage disease (I-II-IIIA) was tested by the
GHSG.27 The IPI score was applied to patients enrolled
into two consecutive trials and could be calculated in
961 (70%) of all patients. In patients with unfavorable
early stage disease (clinical stage I–II with one or more
GHSG risk factors, or IIA without any risk factor), the
IPI score (0–2 vs � 3) predicted for disease-free survival
while it was found of no prognostic value in favorable
early stage disease patients.

PROGNOSTIC SCORES IN ALL STAGES
Experience of the Scotland and Newcastle 
Lymphoma Group (SNLG) therapy working party
From 1979 to 1986, 723 Hodgkin’s lymphoma patients
were registered and detailed clinical and laboratory
data were collected by the SNLG.28 Sufficient informa-
tion was available for 547 (76%) patients. Of these, 92
were used to develop a prognostic index and 455 for
index validation. Almost half of the patients had stage
III–IV disease. The end point used was overall survival.

Five factors were independently associated with a high
risk of death with multivariate analysis: age, clinical
stage, hemoglobin level, absolute lymphocyte count,
and tumor bulk more than 10 cm. A prognostic index,
I, was calculated as follows: I 
 1.5858 � 0.0363 age �
0.0005 (age)2 � 0.0683 clinical stage � 0.086 lympho-
cyte count � 0.0587 hemoglobin [� 0.3 if bulky dis-
ease present], in which age is entered as an absolute
figure, clinical stage is coded according to Ann Arbor
classification (IA, IIA, IIIA coded 1, IB or IIB coded 2,
IIIB coded 3, IV coded 4), absolute lymphocyte count
is entered as a score (� 1.0 � 109 /L coded 1, 1.0 – 1.5 �
109 /L coded 2, � 1.5 – 2.0 x 109 /L coded 3, � 2 � 109 /L
coded 4), and hemoglobin in g/dL is entered as an
absolute figure. Bulky disease, if available, corresponds
to the presence of a single node more than or equal to
5 cm or mediastinal to thoracic ratio more than 0.30.
Applied to the patients in the validation group, the
index demonstrated its ability to discriminate patients
at high risk of death if I � 0.5. It was also able to dis-
criminate patients with classical Ann Arbor stage IA
and IIA disease with poor prognosis. Later, the SNLG
index was used to select poor risk patients to receive
intensive multiagent chemotherapy with or without
autotransplant.29

International Database on Hodgkin’s lymphoma 
(IDHD) experience
In 1989, more than 14,000 cases were collected from 20
cooperative groups or institutions.30 Data was used by
Gobbi and coworkers to confirm the predictive equa-
tion that estimates for a given individual his/her EMST
including deaths from all causes.22,31 Factors selected
were roughly similar to those previously published (see
earlier section): age, gender, clinical stage, histologic
subtype, B symptoms, serum albumin, and distribution
of involved areas. An equation was derived: EMST 


Exp [3.75 � 1.25 clinical stage I � 0.77 clinical stage II �
0.46 clinical stage III � 0.00046 age2 � 0.85 histologic
type � 0.42 B symptoms – ln (serum albumin in per-
centile) � 0.25 gender � 0.25 involved area distribu-
tion], with EMST expressed in months.

EORTC Lymphoma Group experience
Of the nine randomized trials that the EORTC
Lymphoma Group has conducted since 1964, five were
selected that have tested modern therapies and pro-
vided similar results in term of event-free survival with
treatment failure, progression, relapse, and death con-
sidered as events.15–17,26,32 Overall, 3141 cases were
available including 347 (11%) cases with advanced
stage disease and low IPI score (0–2 adverse factors pre-
sent). The distributions of the clinical and biological
patient characteristics were similar within the five
series except for bulky disease and the number of
nodal areas involved that were significantly more
often present among stage III-IV cases. Factors consid-
ered in the multivariate analysis included age, gender,
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topography, clinical stage, mediastinal involvement,
bulky disease, B symptoms, erythrocyte sedimentation
rate, leukocyte count, neutrophil count, hemoglobin,
and histologic subtype. In the final model performed
on 2775 cases with all information available, four fac-
tors remained significant after stratification on treat-
ment type: age more than or equal to 50 years, male
gender, B symptoms, and neutrophil count more than
or equal to 8000/mm3. The corresponding coefficients
ranged between 1.30 and 1.52, and a score was derived
that considered the number of adverse factors present,
i.e., 0–4. There were 23% of cases with no adverse fac-
tor, 45% with one factor, 25% with two factors, and
7% with three or four factors. The proportion of cases
with three to four adverse factors was less than 1% in
cases with early stage favorable prognostic features
(1090 cases) according to the EORTC scoring system
(Table 70.2), 12% in cases with early stage unfavorable
prognostic features (1366 cases), and 11% in those
with advanced stage and low IPI score (319 cases).
While the progression-free survival curves of cases
with zero, one, or two adverse factors did not signifi-
cantly differ, that of cases with three to four factors
was significantly lower. The 8-year progression-free
survival rates were 86, 83, 80, and 68% in the four
groups, respectively (P � 0.001) (unpublished data).

PROGNOSTIC SCORES IN CHILDREN
In the last years, three groups have reported results of
trials from which prognostic scoring systems have been
issued. The French Society of Pediatric Oncology
reported that female gender, B symptoms, nodular scle-
rosing histologic subtype, low hemoglobin (� 10.5
g/dL), and the presence of two of the following biologic
factors—erythrocyte sedimentation rate more than 40
mm/1st hour, leukocytes more than 12 � 109/L, fib-
rinogen more than 5 g/L, �2–globulin less than 10 g/L,
or albumin less than 35 g/L—significantly correlated
(univariate analysis) with clinical outcome in 202 chil-
dren with low-stage disease.33 Patients were found at
high risk if they presented with hemoglobin less than
10.5 g/dL and nodular sclerosing histologic subtype
and at least two of the other five biologic factors (prog-
nostic scale derived from multivariate analysis).

Smith and coworkers have reported the results of a
prognostic factor analysis based on three series of
patients treated with combined-modality therapy at
three institutions.34 Overall, the data of 328 pediatric
patients was analyzed. Five factors were found of prog-
nostic value on disease-free survival: male gender,
stage IIB-IIIB-IV, bulky mediastinal disease, leukocytes
more than 13.5 � 103/mm3, and hemoglobin less than
11 g/dL. Because the coefficients of all five factors
ranged from 1.92 to 2.08, the score proposed was equal
to the sum of the factors expressed by the patient.
Patients were divided into four groups with signifi-
cantly different prognosis. The disease-free survival rate
was 94% in patients with zero to one factor present

(50% of all patients), 85% in those with two factors
(23% of patients), 71% with three factors (16% of
patients), and 49% with four or five factors (11% of
patients). The overall survival rate ranged from 99% to
92% for patients with less than or equal to three fac-
tors present while it was only 72% for those with four
to five factors.

The German-Austrian Pediatric Hodgkin’s lym-
phoma Study Group reported the results of a retrospec-
tive study on factors that could predict for event-free
surviva.35 Data from 552 children treated according to
the HD-90 multicenter study was used. In this study,
treatment was adapted to disease presentation, i.e.,
stage I–IIA, IIB–IIIA, and IIIB–IV. Significant univariate
predictive factors were nodular sclerosing histologic
subtype, B symptoms, number of involved regions and
treatment. Using a multivariate regression model, only
nodular sclerosing histologic subtype and B symptoms
remained independent prognostic factors.

LIMITS OF PROGNOSTIC FACTORS

Several limits can be listed that mainly depend on the
kind of a given prognostic factor. One can distinguish
prognostic factors whether they are objective or not, a
situation that interferes with their definition.

PROGNOSTIC FACTOR DEFINITION
Objective prognostic factors such as age, gender,
height, weight, or biologic data can be estimated and
their measure is generally not subjected to discussion.
Automatic or validated instruments when available are
very helpful. In biologic data measurement, knowl-
edge of normal values according to either age or gen-
der is required. However, nonobjective factors are
more frequent than objective ones in the clinical
research area. Histologic subtype and tumor bulk
among many others can be selected as examples.

Assessment of histologic subtype depends on the
experience of the pathologist and classification used.
When a central review is organized involving senior
experienced pathologists, very few discrepancies are
noticed between diagnoses for a given case as well as
few variations are observed in the distribution of vari-
ous subtypes with time, i.e., within cohort of patients
or studies. However, even when a central review exists,
the prognostic value of pathology per se is controver-
sial especially since the use of modern combined-
modality therapy.

Tumor bulk is a recognized prognostic factor in
Hodgkin’s lymphoma. The way used in its evaluation,
however, can very much influence the result. The Ann
Arbor classification considers the number of lymph
node regions involved, and their definition may vary
from one study to the other. Some investigators
include lung hillar nodes in the mediastinum, while
others do not. In estimating mediastinal bulk, two
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ways of calculation have been proposed that provide
different estimations.16,36 Specht and colleagues have
tried to precisely measure tumor burden and have
demonstrated its prognostic value in early as well as
advanced stages disease.37–39 They used both the num-
ber of involved regions and the tumor size in each
region. This approach may, however, be much difficult
to apply in daily practice and sensitive to clinician
attention. A more direct method of estimation of
tumor burden was assessed by Gobbi and colleagues.40

It consists of using images of the lesions obtained
through computed tomography for all deep sites of
involvement and those obtained by ultrasonography
for superficial lesions. The sum of the volumes of the
lesions is used as an estimation of the absolute tumor
burden. Its ratio to the patient’s body surface area rep-
resents the relative tumor burden. The latter parameter
was demonstrated to be the most prognostic among all
classical factors tested. Again, this approach depends
highly on the radiologists’ experience and their atten-
tion paid in measuring the volume of the lesions.

ASSESSMENT OF PROGNOSTIC VALUE
While adequate statistical methods are now applied by
most investigators, the material used varies from one
series to the other. Prognostic factors were never assessed
from a population-based series that are available from
cancer registries only. The main reason is that data would
be incomplete and heterogeneous and highly dependent
upon the institution where the patients have been
treated. Hospital-based series are biased and very often
limited in number since Hodgkin’s lymphoma is a rare
disease. When a large single institution series is used, it
generally includes patients treated over a long period of
time during which treatments may have changed dra-
matically, leading to the loss of predictive power for most
factors tested.41 To overcome this difficulty, large homo-
geneous series are needed that may come from coopera-
tive groups; alternatively, the combination of data from
clinical trials with the same objectives (i.e., meta-analysis
approach) has proved to be effective.

The prognostic value of scoring systems should be
confirmed using independent series of patients. This
approach can be applied within series when the analy-
sis is made using a random sample of patients and the
validation made using the remaining.24 Another possi-
bility is to apply and/or compare various scoring sys-
tems using an independent series.42–44 Only factors or
scoring systems that are consistently found of inde-
pendent prognostic value in independent series
should then be used.

APPLYING PROGNOSTIC SCORES
Prognostic scores previously described can be grouped
into two categories. The first category includes those
that are easy to calculate, i.e., without the help of a cal-
culator. A simple adding of adverse factors present is
generally sufficient to select patients at low or high risk.

Among these are the scores proposed by the GHSG, the
EORTC Lymphoma Group, the St Bartholomew’s
Hospital & Christie Hospital team, the MSKCC, the
EBMT, and the IPI, and all scores derived from pediatric
data.13,15,20,21,23,24,33–35 The second category includes
scores that necessitate more or less sophisticated calcu-
lation. It concerns the scores proposed by the BNLI, the
SNLG, and by Gobbi et al.12,22,28,31 Prognostic scores
belonging to the second category have probably no
chance to be used by others in contrast to the IPI score,
for example, that has been adopted by most groups
involved in the management of advanced stage disease.

USE OF PROGNOSTIC FACTORS

IN CLINICAL TRIALS
The use of prognostic factors in clinical trials usually
corresponds to three purposes: study definition, strati-
fication before randomization, and analysis of the trial
results. In the definition of the study, prognostic fac-
tors are used as entry or exclusion criteria. This atti-
tude is often based on ethical considerations since eli-
gible patients are those for whom the benefits and risks
of treatments are uncertain enough to justify random-
ization. It is the case in deescalation trials or in those
in which better results are expected from more aggres-
sive therapy. However, the use of prognostic factors in
selecting patients may bias the trial recruitment since
patient inclusion lies with the responsible local inves-
tigator who could decide to exclude borderline cases
from the trial. Even central randomization does not
prevent such a bias. Therefore, prognostic factors must
be simple, clearly defined, easy to assess, and well
accepted by all investigators participating in the trial.

Randomization is the only method to ensure com-
parability of the treatment groups concerning known
and unknown factors. Currently randomization tech-
niques provide adequate distribution between treat-
ment groups especially when large numbers of patients
are included. In small randomized trials, stratified ran-
domization is designed to balance treatment allocation
within predefined subgroups. However, the number of
strata should be limited to avoid overstratification.

Prognostic factors not only serve in the description
of the study population, they also play a role in analy-
sis of the trial results. The omission of important
known or unknown prognostic factors may bias the
estimate of the treatment effect or reduce the statistical
power.45 The analysis of the results of a trial should
include both univariate and multivariate tests for
treatment effect. Consistent results will make the con-
clusion more convincing.

IN DECISION ANALYSIS
Improvements achieved in the management and treat-
ment of Hodgkin’s lymphoma have been so important
in the last 10–15 years that very few are expected in the
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near future. The proportion of patients cured of the
disease is 90% or more in early stages and 80% or more
in advanced stages. As a consequence, hematologists
progressively change their objectives from better sur-
vival alone, to better survival and less late treatment-
related toxicity. This concept forms the basis of most
treatment strategies worldwide. Treatment strategies
are usually based on the combination of known prog-
nostic factors. In order to help investigators in select-
ing patients who should be offered a given treatment
or to participate in a given controlled clinical trial,
other approaches have been developed. Among these,
decision analysis represents a tool that has been
applied since the late 70s.46–48 It is based on the use of
definitions of patient risk groups (based on combina-
tions of various prognostic factors) and on data
derived from the literature. Applications have been
made taking into consideration exploratory laparo-
tomy and splenectomy, the use of stem cell transplan-
tation, or the probability of late complications such as
secondary malignancy, cardiac mortality, etc.49–55

CONCLUSIONS

A large number of parameters are of prognostic signifi-
cance in Hodgkin’s lymphoma. A majority are more or

less linked to the tumor mass itself. This is true not
only for earlier mentioned factors but also for other
biologic markers considered as putative prognostic fac-
tors, their prognostic significance having not yet been
assessed using multivariate analysis applied to large
series of cases.56,57 Currently prevailing wisdom is to
adapt treatment strategy to the a priori patient’s prog-
nosis, limiting treatment aggressiveness in patients
with “favorable” prognostic factors (i.e., patients at
low risk of progression/relapse) to reduce late toxicity,
and increasing treatment intensity in patients with
“unfavorable” prognostic factors to increase their
chance of cure.

In the absence of a general consensus, factors cur-
rently used by investigators at various centers or coop-
erative groups are likely to differ for historical, educa-
tional, or economic reasons. This makes comparisons
difficult between series, and almost impossible large-
scale analysis. Adding new biologic parameters in the
panoply will make it even more complicated. However,
as measurable events such as treatment failure and
death become rare, a huge number of patients should
be prospectively followed to allow the emergence of
new prognostic factors including biologic markers.57 A
general consensus on what factors should be systemat-
ically used in clinical research and on what are still a
matter of debate would certainly be highly valuable.
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CELL OF ORIGIN AND EVIDENCE OF 
DISRUPTED B-CELL TRANSCRIPTION 
FACTOR EXPRESSION

The nature and cell of origin of Hodgkin’s disease (HD)
has been the subject of debate since the initial descrip-
tion of HD in 1830.1 Not until the mid-1990s was it
recognized that the Reed-Sternberg was derived from
B-cells and was in most cases a monoclonal prolifera-
tion.2–5 These studies utilized single-cell polymerase
chain reaction (PCR) from Reed-Sternberg cells to
demonstrate monoclonal IGH rearrangements. In the
pivotal study, Marafioti and colleagues examined 25
cases of HD by single-cell PCR with amplification of
IGH or IGK genes. Twenty-four cases revealed gene
rearrangements. Comparison of the PCR products
showed that all cases were clonal and 75% of the cases
had the capacity for productive rearrangements.5

Furthermore, while the immunoglobulin (Ig) genes
were theoretically functional, there was no transcrip-
tion of Ig genes due to defects in the Ig gene regulatory
elements.5

Analysis of the IGH sequences of Reed-Sternberg
cells showed a high load of somatic mutations. The
presence of these mutations, which occurs in the ger-
minal center in normal B-cells sets the germinal center
B-cell as the stage of B-cell maturation for most Reed-
Sternberg cells. This concept is supported by studies 
of composite Hodgkin’s lymphoma (HL) and non-
Hodgkin’s lymphoma in which a common precursor to
the two lymphomas can be traced by IGH sequence to
a germinal center type B-cell.5,6 The results of these
studies firmly establish HD as HL, a monoclonal B-cell
proliferation of cells derived from germinal center or
postgerminal center B-cells in the vast majority of
cases.

More recent studies provide insight into the mecha-
nisms for a disrupted B-cell transcriptional program.

Oct-2, Bob-1, and Pu.1 are important B-cell transcrip-
tion factors that have all been shown to be down regu-
lated in classical Hodgkin’s lymphoma (cHL).7–10 While
they are seen in nodular lymphocyte predominant HL
(nLPHL) and other B-cell lymphomas, the absence of
these transcription factors serves both as an explana-
tion for lack of Ig transcription and expression in cHL
lymphoma as well as a diagnostic marker for this lym-
phoma. This lack of Ig expression is somewhat prob-
lematic since in normal B-cell development, the lack of
Ig expression leads to apoptosis. Therefore, other
genetic mechanisms must be operative to protect the
cell from this fate. One explanation is overexpression
of NF�B. This ubiquitous transcription factor has
numerous functions in promoting cell survival and
proliferation. Recent studies demonstrate the constitu-
tive expression of activated (nuclear) NF�B in HL and
that defective IkB� (an inhibitor of NF�B) is a mecha-
nism responsible for this.11–13 With this as background,
we proceed with the pathology and classification of HL.

CLASSIFICATION OF HODGKIN’S 
LYMPHOMA

The classification of HL has undergone substantial
changes over the last decade, reflecting an improved
understanding of the underlying biology of this neo-
plasm.14 In 1966, the Rye conference modified the ear-
lier Lukes and Butler classification system to produce
four histologic subtypes of HD: Lymphocyte predomi-
nance, nodular sclerosis, mixed cellularity, and lym-
phocyte depletion.15,16 This scheme was widely used for
the next 30 years. The Rye classification was popular
among pathologists for its simplicity and ease of use
and was equally popular among clinicians because the
individual subtypes were associated with prognostic
differences when treated with then-current therapy.17
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As immunophenotypic studies became part of the stan-
dard practice of hematopathology, however, it became
clear that many of the cases diagnosed as lymphocyte
predominance HD displayed biologic and clinical fea-
tures that separated these cases from all of the other
forms of HD. In addition, with improvements in stan-
dard therapy, the earlier prognostic differences between
the other subtypes of HD essentially vanished. To reflect
these advances, the classification of HD was modified in
the revised European-American lymphoma (REAL) clas-
sification of 1994 into two large categories: lymphocyte
predominance HD and classical HD.18 The remaining
histologic subtypes of the Rye classification were
retained under the heading of classical HD. In addition,
the term “lymphocyte-rich classical HD” was introduced
to identify cases containing a lymphoid rich back-
ground, but an immunophenotype that was identical to
the other forms of classical HD and to separate such
cases from lymphocyte predominance HD (Table 71.1).
The WHO classification of 2001 retained the overall
organization of the REAL classification. However, the
term “Hodgkin’s disease” was replaced by “Hodgkin’s
lymphoma” to represent the now-definitive lymphoid
histogenesis of this malignancy, and the characteristic
nodular growth pattern of cases of lymphocyte predom-
inant HL was explicitly acknowledged. 19

CLASSICAL HODGKIN’S LYMPHOMA

In the WHO classification, four histologic subtypes of
cHL are recognized.19 While each of these subtypes
display similar immunophenotypes and molecular
genetic features, there are characteristic differences in
morphology and in association with the Epstein-Barr
virus. The next section will first discuss the general fea-
tures of cHL common to each of the subtypes, fol-
lowed by descriptions of each of the subtypes that will
discuss their more specific associations.

COMMON FEATURES IN ALL SUBTYPES
General
Classical Hodgkin’s lymphoma is a neoplasm of B-cell
origin that is histologically composed of multinucleate

Reed-Sternberg cells and mononuclear variants, known
as Hodgkin cells.19 Cases of otherwise typical cHL have
been described that appear to be of T-cell origin, but
such cases are very rare, and their most appropriate
classification is a subject of controversy.20–22 cHL is
much more common than nLPHL, with cHL represent-
ing about 95% of all HL. There is a bimodal age distrib-
ution, with the first peak around 15–35 years of age,
and a second peak in elderly populations. Patients typ-
ically present with nodal disease, most often involving
the cervical region. Secondary involvement of extran-
odal sites may occur, but primary presentation at extra-
nodal locations is unusual.

Pathology
The lymph nodes are effaced by a proliferation of Reed-
Sternberg cells and mononuclear Hodgkin variants that
is accompanied by an often extensive benign, inflam-
matory infiltrate. Reed-Sternberg cells are defined as
large cells with abundant cytoplasm, and at least two
distinct nuclear lobes, each of which contain a promi-
nent eosinophilic nucleolus. The mononuclear Hodgkin
variants are large cells with a usually round nucleus and
prominent nucleolus. The Reed-Sternberg and Hodgkin
cells generally constitute only a small minority of the
cells present in histologic sections, and in some cases the
malignant cells may be quite rare. In modern practice, a
definitive diagnosis of HL cannot be established by mor-
phologic features alone, but requires confirmation by
immunohistochemistry.

Immunophenotype
The neoplastic cells in cHL are almost always positive
for CD30,23,24 and a large percentage of cases coexpress
CD15 (70–80%)24,25 and PAX5 (up to 90%) (Figure
71.1).26,27 CHL is usually negative for CD45 and J-
chain. CD20 may be found in a subset of cases but is
usually present on only a minority of the neoplastic
cells and expressed with variable intensity. The finding
of strong CD20 expression on a large percentage of
Reed-Sternberg-like cells suggests the diagnosis of a B-
cell lymphoma, such as T-cell rich large B-cell lym-
phoma.19 The B-cell transcription factors OCT-2 and/or
BOB.1 are characteristically absent.9 Occasionally,
other B-cell antigens such as CD79a may be present.
Some cases may show aberrant expression of T-cell
antigens, but the finding of multiple T-cell antigens
should raise the possibility of a T-cell neoplasm, such
as anaplastic large cell lymphoma.

Molecular genetics
Classical cytogenetic studies of cHL are often unsuc-
cessful, or demonstrate only a normal karyotype. The
failure of such studies to characterize the malignant
cells likely is secondary to the difficulty in isolating the
neoplastic cells, which typically represent only a small
percentage of the cells present, combined with poor
growth of the neoplastic cells in culture. When abnor-

Table 71.1 Classification of Hodgkin’s Lymphoma 

Rye (1966) REAL (1996) WHO (2001)

Lymphocyte Lymphocyte Nodular lymphocyte
predominance predominance predominance

Nodular sclerosis Classical Hodgkin’s Classical Hodgkin
Disease Lymphoma

Mixed cellularity – Nodular sclerosis – Nodular sclerosis

Lymphocyte – Mixed cellularity – Mixed cellularity
depleted – Lymphocyte – Lymphocyte

depleted depleted



malities are identified, karyotypes are typically quite
complex and hypertetraploidy is common.28,29 Specific
recurrent abnormalities, however, have not been iden-
tified. Clonal rearrangements of the Ig heavy chain are
present in the vast majority of cases, although highly
specialized, nonstandard laboratory techniques such
as microdissection or single-cell PCR studies may be
required to demonstrate this finding as noted earlier
in this chapter. Cases with clonal T-cell receptor
rearrangements appear to be very rare, and the nature
of such cases is a matter of controversy.19 In EBV posi-
tive cases, clonality of the epstein-barr virus (EBV)
genome may also be identified.30

NODULAR SCLEROSIS HODGKIN’S LYMPHOMA
General
Nodular sclerosis Hodgkin’s lymphoma (NSHL) is
defined as cHL where nodules of tumor cells are sur-
rounded by bands of collagenous fibrosis. NSHL repre-
sents the most common subtype of cHL.19

Pathology
The malignant cells in NSHL include lacunar Reed-
Sternberg cells, large neoplastic cells with abundant
cytoplasm and characteristic retraction artifact when
fixed in formalin. Bands of collagenous fibrosis sur-
round a proliferation of Reed-Sternberg and Hodgkin
cells admixed with small lymphocytes, large trans-
formed cells, eosinophils, plasma cells, and other
inflammatory cells (Figure 71.1). Some of the neoplas-
tic cells demonstrate a shrunken, hyperchromatic
appearance that has been described as “mummified”
cells. When sheets of Reed-Sternberg and Hodgkin
cells are present, the term “syncytial variant NHSL”
has been employed.

Several grading systems have been proposed for NHSL
based upon the number of Reed-Sternberg/Hodgkin

cells present. The most commonly used of these is the
BNLI system, which divides cases into two grades.31

In grade 2 NSHL, sheets of Reed-Sternberg/Hodgkin
cells are present in at least 25% of the nodules. Grade
1 cases, in contrast, contain fewer neoplastic cells.
Although frequently used in research protocols, this
grading scheme has not gained acceptance in routine
clinical practice in the United States.

EBV association
The incidence of EBV positivity varies with the ethnic
groups studied, but is approximately 20–40% in
NSHL.30,32,33

MIXED CELLULARITY HODGKIN’S LYMPHOMA
General
The mixed cellularity Hodgkin’s lymphoma (MCHL)
subtype is defined by the WHO as containing scattered
classical Reed-Sternberg and Hodgkin cells in a diffuse
or vaguely nodular mixed inflammatory background
without nodular fibrosis. MCHL is the second most
common type of cHL and represents approximately
20–25% of cases.19

Pathology
Histologic sections of MCHL demonstrate effacement
of the lymph node architecture by scattered Reed-
Sternberg cells and variants in a diffuse or vaguely
nodular mixed inflammatory proliferation (Figure
71.2). Often, there are numerous small lymphocytes,
plasma cells, eosinophils, histiocytes, or neutrophils,
although the relative numbers of each of these cell
types varies from case to case. 

EBV association
Approximately 75% of cases are positive for EBV.30,32,33
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Figure 71.1 Nodular scle-
rosis Hodgkin’s lymphoma.
The lymph node is effaced by
a lymphoid proliferation that
is separated into nodules by
dense collagenous bands of
fibrosis (upper left). The nod-
ules contain numerous Reed-
Sternberg cells and mononu-
clear variants (upper right).
The neoplastic cells are posi-
tive for CD30 (lower left) and
CD15 (lower right)
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LYMPHOCYTE-RICH CLASSICAL HODGKIN’S
LYMPHOMA
General
Lymphocyte-rich cHL (LRCHL) is defined as cHL con-
taining Reed-Sternberg cells and variants in a nodular or
diffuse background of numerous lymphocytes without
prominent neutrophils and eosinophils.19 Establishing
a diagnosis of LRCHL, and in particular, distinguishing
such cases from nLPHL, requires immunohistochemical
studies. LRCHL accounts for approximately 5% of HL
overall.

Pathology
Cases of LRCHL typically display a nodular growth
pattern with some of the nodules containing germinal
centers. There are scattered Reed-Sternberg cells and
variants, usually within the mantle zones surrounding
germinal centers (Figures 71.3 and 71.4). Some of the

malignant cells may show multiple folded nuclear
lobes (“popcorn cells”), reminiscent of those seen in
nLPHL. There is no nodular sclerosis. Although rare
scattered eosinophils and neutrophils may be present,
they are not a prominent feature. 

EBV association
Most cases are EBV negative.30,32,33

LYMPHOCYTE-DEPLETED CLASSICAL 
HODGKIN’S LYMPHOMA
General
The definition of lymphocyte-depleted classical
Hodgkin’s lymphoma (LDCHL) has changed dramati-
cally over the years. Using WHO criteria, LDCHL is
now defined as a diffuse proliferation of numerous
Reed-Sternberg cells and variants (with an appropri-
ate immunophenotype) without accompanying lym-
phocytes. Many of the cases that in the past were
classified as lymphocyte depletion based upon hema-
toxylin and eosin morphology alone would currently
be categorized as either non-Hodgkin’s lymphomas
(especially anaplastic large cell lymphomas) or so-
called “syncytial variant” nodular sclerosis cHL. As
currently defined, LDCHL is a rare entity, and there is
little reliable data in the literature regarding such
cases. In Western countries, this subtype appears to
be somewhat more common in patients with HIV or
other types of immunosuppression.

Pathology
LDCHL typically displays numerous Reed-Sternberg
cells and variants, often present in sheets, raising a dif-
ferential diagnosis that includes non-Hodgkin’s lym-
phomas. In some cases, the neoplastic cells may be
scattered in a background of diffuse fibrosis. In all
cases, there are very few accompanying small lympho-
cytes.

Figure 71.2 Mixed cellularity Hodgkin’s lymphoma. A
binucleate Reed-Sternberg cell is seen surrounded by small
lymphocytes, eosinophils, and plasma cells Figure 71.4 Lymphocyte-rich classical Hodgkin’s lym-

phoma. At high power, a binucleate Reed-Sternberg cell is
present surrounded by numerous small lymphocytes

Figure 71.3 Lymphocyte-rich classical Hodgkin’s lym-
phoma. At low power, there is a lymphoid-rich infiltrate
with a predominantly diffuse growth pattern. A residual
germinal center is seen (center right)



EBV association
Most of the HIV-associated cases will be positive for
EBV.34,35

NODULAR LYMPHOCYTE PREDOMINANT 
HODGKIN’S LYMPHOMA

GENERAL
Nodular lymphocyte predominant HL is a neoplasm of
germinal center B-cells that displays a growth pattern
that is at least partially nodular. Whether an entirely
diffuse form of LPHL exists has been controversial, and
most cases formerly reported as diffuse LPHL are cur-
rently thought to represent either T-cell rich large B-
cell lymphomas or LRCHL.19 Overall, nLPHL repre-
sents approximately 5% of all cases of HL.

An intriguing association between nLPHL and a
form of benign hyperplasia known as progressive
transformation of germinal centers (PTGC) has led to
the suggestion that PTGC may represent a precursor
lesion for nLPHL.36 PTGC may be seen within the same
lymph node containing nLPHL, or PTGC may be
found in biopsies without evidence of malignancy
obtained either before or after the diagnosis of nLPHL.
It should be noted, however, that most patients with
PTGC do not go on to develop nLPHL.37

A small subset of patients, approximately 3–5%,19

will go on to develop a large B-cell lymphoma. Many
of these cases display the morphologic features of T-
cell rich large B-cell lymphoma (TCRLBL). In fact,
although the clinical features of nLPHL and TCRLBL
are quite distinct, it can be difficult in some cases 
to distinguish between these two entities based on 
morphologic and immunophenotypic findings.

Recognition of such cases with features overlapping
nLPHL and TCRLBL has led to the suggestion that
these two neoplasms may be biologically related.38,39

PATHOLOGY
The neoplastic cells of nLPHL are large cells with vesic-
ular chromatin, scant cytoplasm, and folded nuclear
contours. Due to the characteristically extreme nuclear
lobation, these cells are frequently described as “pop-
corn cells.” These cells are also known as “L&H cells,” a
holdover of terminology from the Lukes and Butler
classification that defined such cases as “lymphocytic
and histiocytic Hodgkin disease.”16 Prototypical cases
of nLPHL show effacement of the lymph node archi-
tecture by a nodular lymphoid proliferation. The nod-
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Figure 71.5 Nodular lymphocyte predominant Hodgkin’s
lymphoma. A nodular proliferation of lymphocytes and his-
tiocytes is present

Figure 71.6 Nodular lymphocyte
predominant Hodgkin’s lym-
phoma. The neoplastic cells in
nLPHL show multiple nuclear lobes
with vesicular chromatin and
prominent nucleoli (left). There is
strong expression of CD20 (right)
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ules consist of many small B-cells, with scattered L&H
cells (Figures 71.5 and 71.6).17,40,41 Similar appearing
diffuse areas may also be present. When diffuse areas
are extensive, distinguishing nLPHL from TCRLBL may
be quite difficult, especially in small biopsy specimens.

IMMUNOPHENOTYPE
Establishing a definitive diagnosis of nLPHL, and distin-
guishing such cases from cHL, requires immunopheno-
typic studies. The neoplastic cells are positive for CD20
(Figure 71.6) and CD45 (LCA) and are characteristically
negative for CD15 and CD30.18,19,40 The L&H cells are
also positive for the B-cell transcription factors, Oct-2
and BOB.1,9 and are typically positive for the Ig-joining
segment known as J-chain.42 Approximately half of cases

are positive for epithelial membrane antigen (EMA).19,40

Another helpful phenotypic feature of nLPHL is that the
neoplastic cells are typically ringed by small T-cells that
often coexpress CD57.43,44 The presence of nodules of
CD21 positive follicular dendritic cells also assists in the
differential diagnosis with TCRLBL.41

MOLECULAR GENETICS
Functional, clonal Ig rearrangements are generally pre-
sent in the neoplastic cells. However, clonal rearrange-
ments are rarely detected by PCR or Southern blot
studies of intact tissue and have usually been identi-
fied only after single-cell microdissection.19

Characteristic recurrent cytogenetic abnormalities
have not been described.
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On the basis of differing morphologic, biologic, and
clinical features described over the last 20 years, the
currently accepted World Health Organization (WHO)
Classification of Lymphoid Neoplasms recognizes two
distinct clinical subtypes of Hodgkin’s lymphoma
(HL): classical HL and nodular lymphocyte-predomi-
nant HL.1 Classical HL is a monoclonal lymphoid neo-
plasm composed of malignant Reed–Sternberg cells,
which are multinucleated B cells that are CD30 and
CD15 positive, surrounded by a mixed inflammatory
infiltrate consisting of nonneoplastic lymphocytes,
eosinophils, histiocytes, plasma cells, and fibroblasts.
Four histologic subtypes of classical HL that differ in
the morphology of Reed–Sternberg cells and composi-
tion of the reactive infiltrate have been identified:
nodular sclerosis HL (NS HL), lymphocyte-rich HL (LR
HL), mixed cellularity HL (MC HL), and lymphocyte-
depleted HL (LD HL). While there is considerable over-
lap among these subtypes, unique clinical features
have been noted with each.

Recognized as a separate entity in the WHO classifi-
cation,1 nodular lymphocyte-predominant HL is a
monoclonal B-cell neoplasm characterized by a diffuse
proliferation of large neoplastic cells [popcorn or lym-
phocytic and histiocytic (L&H) cells] that are CD20,
CD79a, and CD45 positive and CD15 and CD30 nega-
tive, differing from Reed–Sternberg cells in classical
HL.2 These cells are frequently surrounded by a back-
ground infiltrate of nonmalignant small lymphocytes.
This subtype comprises 3–8% of all HL,3,4 and has dis-
tinct clinical features and patterns of relapse in several
different trials and case series.5–9

CLASSICAL HODGKIN’S LYMPHOMA

EPIDEMIOLOGY
On the basis of data gathered by the Surveillance,
Epidemiology, and End Results (SEER) program of the
National Cancer Institute from 1975 to 2001, 7880 new
cases of HL were expected in the United States in 2004,
with 4330 cases in men and 3550 cases in women. From

1997 to 2001, the age-adjusted incidence rate reached
3.0/100,000 person-years, or 2.9/100,000 person-years
in patients under the age of 65, and 4.3/100,000 person-
years in patients 65 and older. The incidence is highest
in Caucasian males, although females are commonly
affected with the nodular sclerosing subtype. The
median age at diagnosis is 36 years; however, as first
described by MacMahon, a bimodal distribution of HL
exists, with one peak in young adults (ages 15–34) and a
second in patients older than 50.10 For patients aged
15–34, age-adjusted rates of HL range from 3.1 to 4.6 per
100,000 person-years and for patients older than 50,
age-adjusted rates range from 2.8 to 3.8. Fortunately,
the majority of patients with HL survive, with 5-year
survival rates of 85% (88% in patients younger than 65,
and 52% in patients 65 and older).

CLINICAL FEATURES
Classical Hodgkin’s disease (HD) frequently presents
with asymptomatic lymphadenopathy involving the
cervical, supraclavicular, or mediastinal regions. Isolated
subdiaphragmatic involvement is much less common,
representing 3–10% of all HL cases.11 Painful or tender
lymphadenopathy is quite uncommon in HL and sug-
gests an infectious etiology for the lymphadenopathy
rather than HL. However, some patients will report pain
induced by alcohol ingestion that localizes to the site of
lymphomatous involvement. As the disease progresses
and the nodal masses enlarge, some patients may
develop dysphagia, tracheal compression, cough, hic-
cups, discomfort with movements of the shoulders,
arms, or the neck, and skin irritation with redness or,
rarely, ulceration.

While patients with cervical or supraclavicular
lymphadenopathy frequently palpate an enlarged
mass, patients with mediastinal presentations may
complain of a persistent cough, dyspnea, or chest
pain, which ultimately leads to further imaging and
subsequent identification. Occasionally, patients
with bulky mediastinal masses may demonstrate
direct invasion of the chest wall, pleural or pericardial
effusions, or superior vena caval syndrome. The
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pleural and pericardial effusions may not necessarily
be malignant, as documented by cytology, but may
result from lymphatic or venous obstruction.

In the 1960s, Rosenberg et al. described a contigu-
ous, predictable pattern of lymphatic involvement in
patients with HD.12 Specifically, in 100 consecutive
surgically staged patients with newly diagnosed HD,
the sites of involvement appeared to follow specific
lymphatic channels, with patients presenting with
cervical involvement frequently having additional
involvement of the mediastinum, hilum, or axilla,
with rare involvement of the abdomen unless medi-
astinal structures were also involved. It is unusual to
find a patient with classical HD who has involvement
of the neck and lower abdomen/inguinal nodes, with-
out contiguous involvement of the mediastinum and
upper abdomen. Also, involvement of the liver or
bone marrow is unusual without involvement of the
spleen. Occasional patients may have neck and upper
abdomen involvement, bypassing the mediastinum,
which may implicate direct spread via the thoracic
duct. For patients with relapsed or primary refractory
HL, the orderly progression of disease along contigu-
ous lymphatic chains does not occur, and virtually
any organ including the bone marrow may be
involved at relapse.

Primary extranodal/organ involvement is uncom-
mon in HL, unless related to direct extension. For
example, while primary pulmonary presentations are
rare, direct extension into the lung parenchyma is fre-
quently observed, usually in the presence of adjacent
mediastinal or hilar nodes. The lung is probably one of
the most common nonlymphoid organs to be involved
by HL, and such involvement may be manifested by
linear infiltrates, pleural effusions, or nodular infiltrates
demonstrated on chest X-ray or computed tomography
(CT) scan. A rare patient may present with cough,
wheezing, and endobronchial extension from an area
of hilar lymphadenopathy. However, determination of
pulmonary involvement can be quite problematic, as
HL patients are predisposed to infectious complications
including bacterial, viral, and atypical pneumonias. In
addition, a history of granulomatous disease or fungal
infection may be responsible for pulmonary scarring or
nodules. The clinical setting, response to chemother-
apy, and occasionally functional imaging techniques
[positron emission tomography (PET) or gallium scan-
ning] may help differentiate these abnormalities.
Splenic involvement occurs frequently in HL, in
approximately 30% of patients, and, as discussed later
in this chapter, cannot be reliably detected with con-
ventional imaging techniques. Splenic size alone is not
adequate to determine involvement. Bone marrow
involvement is quite unusual in HL and, when present,
rarely results in cytopenias. Involvement is usually
focal, and detection requires adequate bone marrow
biopsy specimens. It should be remembered that flow
cytometric analysis of bone marrow aspirates is usually

not helpful in classical HL, because Reed–Sternberg
cells are infrequent and do not express surface
immunoglobulins. Clonality cannot be established,
and results generally reflect the background cell popu-
lation. Diagnosis of bone marrow involvement, there-
fore, relies primarily on histopathologic analysis of an
adequate core biopsy.

In addition to symptoms directly related to lym-
phadenopathy, patients may also complain of fevers,
weight loss, night sweats, fatigue, or pruritus. B
symptoms, defined as fever (�38�C or 100.4�F),
unexplained weight loss (�10% body weight), or
night sweats, are present in approximately 40% of
patients. Since the presenting symptoms of classical
HL are often nonspecific, including fatigue, cough, B
symptoms, or pruritus, patients may describe these
symptoms weeks to months prior to their diagnosis,
and occasionally, only after persistent follow-up for
these symptoms will a diagnosis be made. The
Pel–Ebstein fever, an intermittent fever that recurs at
variable intervals, has been associated with HL,
although it is quite uncommon. The pruritus of HD
can often be severe, leading to excoriations and
hyperpigmentation from scratching, and may pre-
cede the diagnosis by months to years. A rare patient
(typically an older male with a mixed cellularity
type) will present with occult disease and fever of
unknown origin. Systemic symptoms including
weight loss, night sweats, and fevers may sometimes
predominate, with minimal palpable adenopathy.
Often only after extensive work-up, including imag-
ing with CT scan, PET, or gallium scintigraphy,
and/or bone marrow biopsy, will evidence of HL be
detected. Other unusual presentations include pain
related to bony involvement or nerve root compres-
sion from an epidural mass. Paraneoplastic syn-
dromes including nephrotic syndrome, neurologic
symptoms, or idiopathic thrombocytopenia purpura
have also been reported and will be discussed later in
this chapter.

Although the histologic subtype of HL does not
appear to influence prognosis and does not alter thera-
peutic recommendations, each subtype is characterized
by unique clinical characteristics that may guide the
diagnostic evaluation as described below.

Nodular sclerosis Hodgkin’s lymphoma
The nodular sclerosis subtype accounts for 70% of
classical HL.13 This subtype is morphologically char-
acterized by collagen bands that surround Hodgkin’s
or Reed–Sternberg cells. NS HL equally affects males
and females and the median age at diagnosis is 28
years. At diagnosis, most patients present with stage
II disease, with mediastinal involvement noted in
80% of patients, bulky disease (see Diagnostic
Evaluation section for definition of bulky disease) in
54%, and splenic or lung involvement in only
10%.4,13
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Mixed cellularity Hodgkin’s lymphoma
The mixed cellularity subtype is observed more fre-
quently in patients with HIV disease, or in develop-
ing countries. It comprises 20–25% of classical HL
cases, and is characterized by scattered Hodgkin’s or
Reed–Sternberg cells within a diffuse mixed inflamma-
tory infiltrate without fibrosis.13 In contrast to NS HL,
patients with MC HL are older (median age 37), pre-
dominantly male, and often with advanced-stage dis-
ease and B symptoms. Splenic involvement is reported
in 30% of patients, bone marrow involvement in 10%,
and liver involvement in 3%. Mediastinal presentations
are uncommon.13

Lymphocyte-rich Hodgkin’s lymphoma
This subtype comprises only 5% of classical HL, and
again is seen most frequently in older males. Similar to
MC HL, LR HL is pathologically characterized by
Hodgkin’s or Reed–Sternberg cells surrounded by an
inflammatory infiltrate; however, these cells are pri-
marily small lymphocytes with a notable absence of
neutrophils and eosinophils.13 Most patients present
with early-stage disease, in general with peripheral
node involvement. Mediastinal involvement and B
symptoms are uncommon.13

Lymphocyte-depleted Hodgkin’s lymphoma
LD HL is the least common subtype of classical HL,
often associated with HIV infection, composed of
multiple, bizarre, large and small Hodgkin’s or
Reed–Sternberg cells in a fibrillary matrix with lim-
ited nonneoplastic inflammatory lymphocytes.13

Abdominal organs, retroperitoneal lymph nodes, and
bone marrow involvement are favored, with relative
sparing of peripheral nodes. Most patients with disease
are male, with advanced-stage disease and B symp-
toms.13

Paraneoplastic syndromes
Classical HL is associated with the overexpression of a
variety of cytokines and their receptors on Hodgkin’s
or Reed–Sternberg cells and in the surrounding
inflammatory infiltrate. These cytokines, including
interleukin 2 (IL-2), IL-5, IL-6, IL-7, IL-9, IL-10, IL-13,
transforming growth factor � (TGF�), and lympho-
toxin A (LT-A), may be responsible for the systemic
symptoms of HL and for the rare paraneoplastic syn-
dromes associated with HL. Nephrotic syndrome,
idiopathic thrombocytopenia purpura, autoimmune
hemolytic anemia, and cerebellar degeneration/ataxia
have all been reported in patients with HL.14–18

Typically, nephrotic syndrome or neurologic symp-
toms precede a diagnosis of HL or herald a relapse,
although occasionally high-dose steroids used to treat
many of these syndromes may contribute to a delay in
diagnosis.14,16 Idiopathic thrombocytopenia has been
described in patients preceding the diagnosis of HL, at
the time of relapse, and in patients in clinical remis-

sion for HL.17,18 Life-threatening complications of HL,
including fulminant hepatic failure and lactic acidosis,
have also been described,19,20 although these situations
are quite rare.

DIAGNOSTIC EVALUATION
Initial diagnostic evaluation of HL is aimed at patho-
logical confirmation, followed by additional evalua-
tions to fully stage the patient. These assessments not
only guide the patient’s therapeutic management, but
also impact prognosis. Patients with palpable lym-
phadenopathy should undergo an excisional biopsy in
order to obtain an adequate diagnostic specimen. Fine
needle aspirations are not sufficient to distinguish
between classical HD and other CD30� lymphomas
including anaplastic T-cell lymphoma and diffuse large
cell lymphoma. In addition, information regarding the
subtype of HL (nodular sclerosing, mixed cellularity,
lymphocyte rich, or lymphocyte depleted) may pro-
vide some guidance to expected clinical features.

The currently recommended diagnostic/staging
work-up for patients with newly diagnosed HL is out-
lined in Table 72.1. The initial history and physical
examination should address the presence or absence of
B symptoms (defined as drenching night sweats, fever
exceeding 38�C/100.4�F, or unexplained weight loss of
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Table 72.1 Recommended diagnostic work-up for
patients with HL

History and physical examination
B symptoms (The absence or presence of fever (�38�C),
unexplained weight loss (�10% body weight), or night 
sweats)
EtOH intolerance
Pruritis
Fatigue
Performance status
Examination of nodes, Waldeyer’s ring, liver, and spleen

Laboratory
CBC, differential, platelets
Erthrocyte sedimentation rate (ESR)
Lactate dehydrogenase (LDH)
Liver function tests (ALT, AST, bilirubin, alkaline phosphatase)
Albumin
BUN, creatinine
Serum/urine pregnancy test (in women of childbearing age)
HIV (if risk factors or unusual clinical presentation)

Imaging studies
Chest X-ray
CT chest/abdomen/pelvis (neck, in selected cases)
PET/gallium scanning (in selected cases)

Additional procedures
Bone marrow biopsy (bilateral, preferred)
Semen/oocyte cryopreservation

EtOH, ethanol; CBC, complete blood count; ALT, alanine transami-
nase; AST, aspartate transaminase; BUN, blood urea nitrogen, CT,
computed tomography; PET, positron emission tomography.
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at least 10% of the total body weight within the last
6 months), alcohol intolerance, pruritus, fatigue, per-
formance status, and an examination of nodes, spleen,
liver, and Waldeyer’s ring. On physical examination,
involved lymph nodes typically are nontender, rub-
bery, or firm. Large lymph nodes may coalesce, form-
ing fixed, matted masses.

Initial laboratory testing should include a complete
blood count with differential, erythrocyte sedimenta-
tion rate (ESR), lactate dehydrogenase (LDH), liver
function tests, albumin, blood urea nitrogen (BUN),
and creatinine. Elevated white blood cell count, lym-
phopenia, anemia, hypoalbuminemia, and an ele-
vated ESR all have prognostic value in the treatment
of HL (Table 72.2).21,22 In selected patients, HIV and
pregnancy testing may also be indicated. Chest X-ray
and CT scanning of the chest/abdomen/pelvis should
be used to assess both the bulk and sites of disease at
initial presentation. Patients presenting with signs or
symptoms of naso-oropharyngeal involvement, such
as the Waldeyer’s ring, may require CT or magnetic
resonance imaging (MRI) scans of the head and neck,
to appropriately evaluate response. Bulky disease, usu-
ally defined as a mediastinal mass ratio (maximum

width of the tumor mass divided by maximum
intrathoracic diameter) exceeding 1/3 or any single
nodal/tumor mass exceeding 10 cm, is also an unfa-
vorable prognostic factor. Other imaging techniques
including PET or gallium scanning may be helpful,
particularly in patients with large mediastinal masses
or in the setting of indeterminant lesions on CT.
These modalities will be discussed later in this chap-
ter. Finally, bone marrow biopsy should be performed
to complete the staging work-up. Bone marrow
involvement has been reported in 5–15% of patients
at diagnosis, and is frequently associated with the
presence of B symptoms.23,24

All patients should also be counseled regarding the
risks of tobacco use during and after therapy, and fer-
tility issues should be addressed. Specifically, with
adriamycin, bleomycin, vinblastine, dacarbazine
(ABVD) and Stanford V chemotherapy, there appears
to be little effect on fertility, although this has not
been studied exhaustively.25,26 However, intensive
regimens including bleomycin, etoposide, adri-
amycin, cyclophosphamide, prednisone, procar-
bazine (BEACOPP) or other combination salvage ther-
apies (including, but not limited to, ifostamide,
carboplatin, etoposide (ICE), dexamethasone, cytara-
bine, cisplatin (DHAP), and etoposide, methylpre-
duisolone, cytarabine, cisplatin (ESHAP)), followed by
hematopoietic stem cell transplantation (SCT) for those
patients who relapse, frequently affect fertility, and
semen/oocyte cryopreservation is advised for those
patients contemplating future parenthood. Finally,
due to the high risk of second malignancies reported
after combination chemotherapy and/or radiother-
apy for classical HL,27,28 all patients should be advised
about the need for continual follow-up and screening
mammograms in the posttreatment period.

STAGING
Historically, staging of HL has followed the Ann Arbor
staging system29 (Table 72.3), although updated ver-
sions of this system incorporating a variety of prognos-
tic factors exist (Table 72.4).30 Overall, 55% of patients
present with localized disease (Ann Arbor stage I–II).

The staging work-up for HD has evolved.
Historically, lymphangiography, CT imaging, bone
marrow biopsy, and staging laparotomy have been
extensively used. Staging laparotomy evolved in an
era where treatment for limited-stage (Ann Arbor
stage I and II) HL consisted primarily of extended
radiation therapy fields, and precise pathological
staging was required to include all areas of involve-
ment. With the detection of occult splenic or high
retroperitoneal disease at the time of laparotomy in
20–30% of patients with clinical stage IA-IIA disease
and 35% of patients with clinical stage IB–IIB dis-
ease,31,32 clinical staging alone was not accurate
enough to predict which patients with early-stage HL
were likely to attain a prolonged disease-free survival

Table 72.2 Prognostic factors in HL21,22

EORTC criteria Albumin �4 g/dL
Large mediastinal mass Hemoglobin �10.5 g/dL

Mediastinal mass ratio Male
(MMR) �1/3 Age �45 years
Tumor/nodal mass �10 cm Leukocytosis

Age �50 (WBC�15,000/mm3)
ESR �50 without B symptoms Lymphopenia 
or �30 with B-symptoms (Lymphocyte count 
�4 sites of involvement �8% of WBC, or
GHSG criteria �600/mm3)
Large mediastinal mass Stage IV disease

Mediastinal mass ratio 
(MMR) �1/3
Tumor/nodal mass �10 cm

Extranodal disease
ESR �50 without B symptoms 
or �30 with B symptoms
�3 sites of involvement

CCTG or ECOG criteria
Low risk disease: LPHL or NS HL, 
age �40, ESR �50, �3 regions of 
involvement
High risk disease: All other histologies 
excluding LPHL or NS HL, bulky 
disease �10 cm, ESR �50, age 
�40, �3 regions of involvement 

EORTC, European Organization for Research and Treatment of
Cancer; GHSG, German Hodgkin Lymphoma Study Group; CCTG,
Canadian Clinical Trials Group; ECOG, Eastern Co-Operative
Oncology Group; LP HL, lymphocyte-predominant Hodgkin’s lym-
phoma; NS HL, nodular sclerosing Hodgkin’s lymphoma.

Early-stage HL22 Advanced-stage HL21



Chapter 72 ■ Clinical Features and Making the Diagnosis 763

monitoring of response in HL. In terms of diagnostic
evaluation, in a small study of 11 patients undergoing
staging laparotomy, the sensitivity and specificity of
18F-FDG PET were both 100%, compared to 20% and
83%, respectively, with CT scans.38 In a larger study of
45 patients with Hodgkin’s and non-Hodgkin’s lym-
phoma (NHL), PET scanning altered the staging in
16% of patients, although it understaged 7% of
patients.39 Even more data exist regarding the impact
of PET imaging on response assessment. In 54 patients
with HL (19 patients) or NHL (35 patients), all 6
patients with a positive 18F-FDG PET relapsed—a posi-
tive predictive value of 100%, compared to 42% with
conventional CT.40 The negative predictive value of
18F-FDG PET in this trial was 83%, with eight patients
relapsing despite a negative study. In a second study in
48 patients previously treated for HL, the positive and
negative predictive values of 18F-FDG PET were both
equal to 92%.41 However, while 67Ga scintigraphy and

Table 72.3 Ann Arbor staging system for Hodgkin’s 
lymphoma29

Stage I Involvement of a single lymph node region or lym-
phoid structure, or involvement of a single extra-
lymphatic site (IE)

Stage II Involvement of two or more lymph node regions 
on the same side of the diaphragm, which may be
accompanied by localized contiguous involvement
of an extralymphatic site or organ (IIE).

Stage III Involvement of lymph node regions on both sides
of the diaphragm, which may also be accompanied
by involvement of the spleen (IIIS) or by localized
contiguous involvement of an extralymphatic site 
or organ (IIIE)

Stage IV Diffuse or disseminated involvement of one or more
extralymphatic organs or tissues, with or without
lymph node involvement.

Note: The absence or presence of fever (�38�C), unexplained
weight loss (�10% body weight), or night sweats should be
denoted by the suffix letters A or B, respectively.

Table 72.4 Cotswolds update of the Ann Arbor staging
system30

Stage Description

Stage I Involvement of a single lymph node region or lym-
phoid structure (e.g., spleen, thymus, Waldeyer’s
ring) or involvement of a single extralymphatic site
(IE)

Stage II Involvement of two or more lymph node regions 
on the same side of the diaphragm (the medi-
astinum is a single site; hilar nodes, when involved
on both sides, constitute stage II disease); localized
contiguous involvement of only one extranodal
organ or site and lymph node region on the same
side of the diaphragm (IIE). The number of
anatomic regions involved should be designated by
a subscript (e.g., II3)

Stage III Involvement of lymph node regions on both sides
of the diaphragm, which may also be accompanied
by involvement of the spleen (IIIS) or by localized
contiguous involvement of only one extranodal
organ (IIIE) or both (IIISE)

III1 With or without involvement of splenic, hilar, celiac,
or portal nodes

III2 With involvement of para-aortic, iliac, and mesen-
teric nodes

Stage IV Diffuse or disseminated involvement of one or 
more extranodal organs or tissues, with or without
associated lymph node involvement

Designations applicable to any disease stage
A No symptoms
B Fever (temperature �38�C), drenching night

sweats, unexplained weight loss of more than 10%
of body weight in the preceding 6 months

X Bulky disease (�1/3 widening of the mediastinum
or the presence of a nodal mass �10 cm)

E Involvement of single extranodal site that is con-
tiguous or proximal to known nodal site of disease

with radiation therapy alone. Furthermore, even for
patients with pathologically confirmed stage I and II
disease, the recurrence rate after extended-field
radiotherapy was approximately 20%. This led to the
gradual abandonment of staging laparotomy for
early-stage HL, in favor of a combined modality ther-
apeutic approach. The addition of chemotherapy to
the radiation regimen minimized the importance of
detection of microscopic splenic involvement, and
allowed the adoption of smaller radiation therapy
portals (involved field), with significant improvements
in toxicity and similar, if not better, outcomes. The
elimination of staging laparotomy as part of routine
staging also minimized the risk of postsplenectomy
sepsis in patients with compromised immune func-
tion, and prevented prolonged treatment days asso-
ciated with the hospitalization for surgical staging.

Gallium scintigraphy/positron emission tomography
67Gallium scintigraphy and PET are often used to both
accurately stage HL and assess response to treatment.
Conventional CT scanning has not proven to be very
sensitive for occult abdominal disease during the stag-
ing evaluation of HL. In addition, assessment of a
residual mediastinal mass at the completion of therapy
can be problematic with this modality. 67Ga scintigra-
phy has proven to be more sensitive than CT in the
posttreatment evaluation of HL, provided that the
patient has a gallium-avid tumor at diagnosis.33–35 The
positive and negative predictive values of 67Ga
scintigraphy following treatment range from 92 to
100% and from 83 to 90%, respectively,36,37 compared
to 48% and 83% with CT.36 PET scan using the glucose
analog 2-(18F)-fluoro-2-deoxy-D-glucose (18F-FDG) has
emerged as a very useful tool in the evaluation and
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18F-FDG PET may both guide staging and treatment
decisions, false positives do occur. For example, in
patients younger than 25 years, a regenerating thymus
can be gallium- or 18F-FDG avid, following completion
of treatment of HL.42,43 Therefore, these noninvasive
radiographic modalities do have utility in the diagnos-
tic and response evaluation of HL; however, the results
need to be interpreted in conjunction with the clinical
circumstances, other laboratory evaluations, and CT
results. In situations where PET or 67Ga scintigraphy
results contradict the clinical picture or are inconclu-
sive, biopsy may be warranted.

LYMPHOCYTE-PREDOMINANT
HODGKIN’S LYMPHOMA

EPIDEMIOLOGY
Classified as a distinct subtype of HL by the WHO clas-
sification,1 LP HL is a monoclonal B-cell neoplasm
characterized by a nodular polymorphic infiltrate
composed of small lymphocytes, histiocytes, and large
neoplastic cells, referred to as popcorn and L&H cells,
that differ morphologically and immunohistochemi-
cally from Reed–Sternberg cells. L&H cells usually have
one large multilobated nucleus with limited cyto-
plasm. These cells, unlike Hodgkin’s Reed–Sternberg
cells, are frequently positive for CD20 and CD79a,
while negative for CD30 and CD15. Several series have
also described unique clinical features for this subtype
of HL.5–9,44 LP HL represents 3–5% of all HLs and typi-
cally afflicts 30- to 50-year-old males.4

CLINICAL FEATURES
In a retrospective review of 219 LP HL cases, the
majority of affected patients were male (74%) and
most patients presented with stage I–II disease
(81%).5,44 These patients typically present with iso-
lated cervical, axillary, or inguinal node involvement,
while mediastinal, splenic, or bone marrow involve-
ment is uncommon.45 Likewise, bulky disease and B
symptoms are infrequent. In the same series, only 7%
of patients presented with mediastinal involvement,
and only 10–13% of patients had bulky disease or
bone marrow involvement.5,44

Patients with LP HL often experience multiple
relapses, although the disease progresses slowly and is
usually quite responsive to therapy at the time of
relapse, leading to little impact on overall survival.44,45

The European Task Force on Lymphoma reported a 10-
year overall survival exceeding 90% for patients with LP
HL, compared to a 10-year progression-free survival of
approximately 75%.5,44 In a second retrospective review
of 50 cases of LP HL, 78% of patients presented with
early-stage disease, and overall survival at 4 years
reached 92%.8 Similar results were reported in a Stanford
series of 59 patients with LP HL.9 Interestingly, some case
series have reported a high rate of second malignancies,
ranging from 12 to 14%,5,8 in patients with LP-HL, pos-
sibly attributable to either extended radiation fields or
chemotherapy historically used in the treatment of this
disease. In addition, transformation to diffuse large B-
cell lymphoma has also been described.46–48

DIAGNOSTIC EVALUATION/STAGING
The diagnostic and staging evaluation of LP HL is similar
to that previously described for classical HL. Diagnosis
should be confirmed by an excisional or core needle
biopsy, as fine needle aspirations frequently do not yield
enough tissue to visualize the typical L&H cells sur-
rounded by the polymorphic, nodular (or nodular and
diffuse) infiltrate of reactive lymphocytes and histiocytes.
CD20, CD57, CD15, CD30, and CD3 staining should be
performed on all specimens of LP HL. The clinical history
and physical examination should again focus on the
presence of B symptoms, fatigue, evaluation of perfor-
mance status, and examination of nodal sites. CBC with
differential, LDH, BUN, creatinine, liver function tests,
and staging imaging studies should also be performed.
Staging according to the Ann Arbor system (Tables 72.3
and 72.4) is again recommended. CT scan of the
chest/abdomen/pelvis (neck in selected cases) and bone
marrow biopsy should be performed for staging purposes.
18F-FDG PET and 67Ga scintigraphy have not been exten-
sively evaluated for patients with LP HL, but may prove to
be useful for patients with equivocal CT scans. Finally,
patients should again be counseled regarding fertility,
smoking cessation, and risk of second malignancies, as
therapy often consists of combination chemotherapy
and/or radiotherapy as has been used in classical HL.
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73Chapter 73
TREATMENT APPROACH TO 
CLASSICAL HODGKIN’S LYMPHOMA
Brian J. Bolwell and Toni K. Choueiri

INTRODUCTION

The treatment of Hodgkin’s Lymphoma (HL) has sig-
nificant historical importance in the field of medical
oncology. Despite being a rare malignancy, HL has rep-
resented a model for oncologic advances. HL was one
of the first oncologic illnesses proved to be potentially
medically cured. Radiation therapy has long been
known to be curative for the majority of patients with
limited stage HL. Additionally, the concept of dose
intensity was demonstrated to have clinical validity in
patients with HL, as a clear dose response curve in
radiation therapy dose has been demonstrated.
Combination chemotherapy is potentially curative for
patients with advanced stage HL and represents a par-
adigm for combining different effective chemothera-
peutic agents in a single regimen. More recently,
long-term toxicities and complications of therapy,
including secondary cancers, significant organ dam-
age, and other toxicities, have been demonstrated in
patients presumably cured from their HL as a result
of therapy. Late toxicities have generated a spirited
debate in recent years of the optimal way to treat clas-
sical HL. This chapter will present the “standard” rec-
ommendations for the treatment of HL and will also
present a contrarian viewpoint.

CLINICAL STAGE I AND II HL: 
“STANDARD” PRINCIPLES OF THERAPY

INTRODUCTION
Historically, treatment algorithms were designed to
determine which patients could be cured with radia-
tion therapy alone and which patients had a poor
prognosis with radiation therapy and required combi-
nation chemotherapy. This is why staging laparo-
tomies evolved: if one could prove that a patient had
no pathologic evidence of disease below the
diaphram, then one might save the patient from the
toxicity of combination chemotherapy and success-
fully treat the patient with radiation alone. There were

many reasons for this treatment strategy. Extended
field radiation therapy was successful, with the major-
ity of patients with stage I and II HL being cured. In
the 1970s and 1980s, acute toxicities from combina-
tion chemotherapy were significant. Antiemetic ther-
apy was poor; the use of MOPP (mechlorethamine,
oncovin (vincristine), procarbazine, and prednisone) 
combination chemotherapy had a known leuke-
mogenic risk; issues of sterility were a genuine con-
cern; and the risk of neutropenic fever and serious
infections were clinically important, especially in the
era prior to the availability of hematopoietic growth
factors. Additionally, it was commonly felt that if
patients progressed after radiation therapy, the major-
ity could be successfully salvaged at a later date with
combination chemotherapy. Thus, a 25–30% inci-
dence of relapse after radiation therapy was deemed to
be less significant because of later successful salvage
with combination chemotherapy. As a result, radia-
tion therapy continues to this day to be a primary
treatment modality for limited stage HL.

RADIATION THERAPY
A detailed description of various radiotherapy tech-
niques is beyond the scope of this chapter. Briefly,
when radiation therapy is used alone for limited stage
HL, tumor doses of 150–200 cGy are generally given 
5 days/week, with a total dose of 3,600–4,000 cGy deliv-
ered over approximately 5 weeks. “Boosts” of radiation
therapy may be given to bulky disease sites. Given that
limited stage HL is usually above the diaphram, the
most common field incorporated is the mantle field. The
mantle field encompasses the mediastinal, hilar, sub-
carinal, axillary, infraclavicular, supraclavicular, cervi-
cal, and submandibular lymph nodes. The para-aortic
field encompasses the para-aortic nodes to approxi-
mately the L5 vertebral body. Frequently, para-aortic
radiation therapy also encompasses the splenic pedicle,
where the spleen is still intact. The combination of
mantle, para-aortic, and pelvic radiation therapy is
known as total lymphoid irradiation; the para-aortic
region and pelvic region is known as an inverted Y.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



Radiation therapy alone
Staging laparotomy was part of the standard work up
of patients with HL in the 1960s and 1970s, in part due
to a lack of effective radiological techniques to evalu-
ate abdominal and pelvic lymphadenopathy. Most
patients therefore underwent pathologic staging. In
contrast, at the present time few patients undergo
pathologic staging. Computerized tomography and
positron emission tomography (PET scanning) have
lead to the common practice of clinical staging. With
this evolution, some of the data concerning radiation
therapy in the treatment of HL is dated.

There are several studies comparing limited field
radiation therapy with broader radiation fields as the
sole form of therapy in patients with limited stage HL.
These studies are summarized in Table 73.1. The
EORTCH 5 Trial included patients of age 40 or younger
with nonbulky pathologic stage I and II, who and were
considered a favorable risk group. Patients received
mantle and periaortic radiation therapy versus mantle
radiation therapy alone; no differences in disease-free
survival (DFS) were seen between the two treatment
groups.4 Regional radiation therapy was compared to
involved-field radiation therapy (IFRT) in a BLNI Trial
for pathologic stage IA and IIA patients; again, there
were no difference in freedom from relapse (FFR).1

These data contrast two other studies that reported
inferior outcome in pathologically staged patients
when comparing limited field radiation therapy to
broader fields. The Stanford trial compared subtotal
lymphoid radiation therapy with IFRT in pathologi-
cally staged IA and IIA patients; FFR was significantly
different (80% vs 32%), respectively.3 Significant dif-
ferences in FFR was also found in the Collaborative
clinical trial, favoring mantle/periaortic radiation ther-
apy with IFRT.2 The Collaborative clinical trial also

found an advantage to subtotal lymphoid irradiation
versus involved-field radiation for clinical stage I and II
patients, in which FFR was 59% versus 32%, which was
a statistically significant difference.

The utility of clinical staging in the treatment of
patients with HL without a staging laparotomy was
documented by the EORTCH 6 Trial.5 In this study,
favorable patients (defined as no more than two nodal
sites; no B symptoms; no bulky disease; and an ery-
throcyte sedimentation rate �30 mm) were studied.
These “favorable” patients (which constituted only
45% of patients with clinical stage I and II disease)
were randomized to either subtotal nodal radiation
therapy plus splenic radiation therapy versus staging
laparotomy with treatment modified by the results of
surgery and histology. If laparotomy was positive,
patients received chemotherapy. Patients with a nega-
tive staging laparotomy, and lymphocyte predomi-
nant or nodular sclerosing histology, were treated with
mantle radiation therapy alone, and other histologies
received subtotal nodal radiation therapy plus splenic
radiation therapy. In this study, DFS was not statisti-
cally different in the surgically staged group versus the
clinically staged group. Note that 30% of patients had
a positive staging laparotomy. Overall survival (OS),
paradoxically, was slightly worse in the laparotomy
arm (93% vs 89%). This may or may not have reflected
acute or later complications as a result of surgery.

As clinical staging has become increasingly com-
mon, a majority of programs specializing in the care of
lymphoma patients generally use subtotal lymphoid
radiation therapy, or other modifications of extended
field radiation therapy, when treating favorable stage I
and II patients. Mantle radiation therapy alone is
rarely used at the present time.

Radiation therapy versus radiation therapy 
plus chemotherapy
Clinical trials of limited stage HL have more recently
focused on the use of radiation therapy versus com-
bined radiation therapy and chemotherapy. Decades
ago, the specific chemotherapy regimen usually
employed was MOPP. Given that MOPP has been
replaced in the treatment of HL by ABVD (adriamycin,
bleomycin, vinblastine, and dacarbazine), these pio-
neering studies are of only moderate relevance to
today’s practice. As a general statement, these studies
included both pathologically staged and clinically
staged patients, and generally compared subtotal lym-
phoid radiation therapy or total lymphoid radiation
therapy versus MOPP (or a variant of MOPP) combined
with limited or extended field radiation therapy. Table
73.2 shows a summary of these studies. Two studies
found an advantage (FFR) in combined modality ther-
apy (CMT), whereas the others did not. There was no
difference in OS in any study. Other findings of studies
of this era are important. Multiple sites of disease were
associated with less favorable outcome.8 Several studies
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Table 73.1 Limited versus extended radiation therapy
for early stage HL

Author Ref. Year Comment

Hope-Stone 1 1981 Regional vs IF for PS I-IIA;
regional vs IF for CSI-IIA;
no difference in PFS or OS

Fuller 2 1982 PS I-II: extended field XRT
better DFS than IF (66%
vs 51%, P 
 0.05)
CS I-II: EF better DFS than
IF (52% vs 35%, P 
 0.02)

Rosenberg 3 1985 PS IA and IIA: STLI/TLI vs
IF FFP 80% vs 32%, P 


0.0001; OS identical

Carde 4 1988 PS I-II STLI vs M: no
difference in FFP

XRT, radiation therapy; IF, involved field; PS, pathologic stage; CS,
clinical stage; EF, extended field; STLI, subtotal lymphoid irradia-
tion; TLI, total lymphoid irradiation; FFP, freedom from progression;
M, mantle field.



also concluded that large mediastinal masses (LMMs)
were an adverse prognostic sign. In particular, patients
with bulky mediastinal masses treated with radiation
therapy alone had a high incidence of disease relapse,
and most of these studies recommended CMT for this
group of patients.9–14

An additional early trial used a different approach,
as patients with limited stage HL were randomized to

chemotherapy with cyclophosphamide, vinblastine,
procabazine, and prednisone (CVPP) alone or CVPP
plus IFRT. The study found no differences in relapse-
free survival (RFS) or OS. Additional prognostic factors
were age more than 45 years and more than two lymph
node areas involved with HL, as well as bulky disease.15

A meta-analysis of 3500 patients treated on ran-
domized trials of more versus less extensive radiation
therapy and trials comparing radiation therapy plus
chemotherapy to radiation therapy alone was pub-
lished in 1998.16 Adding chemotherapy reduced the
risk of recurrence by 50% but did not improve OS. This
was felt to be a result of an ability to salvage radiation
therapy failures with subsequent chemotherapy.

Recent trials of CMT
A sample of the recently reported randomized trials of
limited stage HL is shown in Table 73.3. The usual
design of the studies is a comparison of extended field
radiation therapy versus abbreviated chemotherapy,
combined with either limited or extended field radia-
tion therapy. In three studies, the control group was
extended field radiation therapy and abbreviated
courses of chemotherapy were given with either
extended-field radiation therapy or IFRT. Freedom
from progression was improved in the combined
modality group in all three trials; OS was identical.
Bonadonna et al. investigated the use of four full
cycles of ABVD chemotherapy followed by either IFRT
or extended-field radiation therapy. No differences in
12-year freedom from progression or OS were noted.

All of this data has lead to the National Comprehen-
sive Cancer Network (NCCN) practice guidelines for
limited stage HL to focus on the use of extended field
radiation therapy alone or CMT.21 For clinically staged
patients with supradiaphramatic presentation, the
most common presentation of limited stage HL, the
NCCN practice guidelines focused on three patient
groups: those with no unfavorable factors, those with
bulky disease, and those with nonbulky disease with
an erythrocyte sedimentation rate (ESR) greater than
70 or three sites involved. The recommendations for
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Table 73.2 Selected early trials of extended radiation 
therapy versus extended radiation therapy � chemotherapy
in early stage HL

Author Ref. Year Comment

Jones 6 1982 PS I-II involved field 
XRT � MOPP vs extended 
field XRT—trend toward 
improved RFS with com-
bined therapy (P 
 0.12).
No difference in OS.
Predominant RFS effect
on those patients with B
symptoms (P � 0.03)

Nissen 7 1982 PS I-II randomized to
extended field XRT or
mantle XRT � MOPP. 
RFS  better with combined
therapy (P � 0.05). No
difference in OS

Rosenberg 3 1985 PS IA—IIB Randomized to
IF XRT � MOPP vs 
extended field XRT.
Combined better RFS 
but no difference in OS. PS
IB- IIB TLI � MOPP vs TLI.
No difference in RFS or OS

Tubiana 8 1989 PS I-II Randomized to
MOPP � extended field
XRT vs TLI DFS better in
combined therapy, but 
no difference in OS

PS, pathologic stage; XRT, radiation therapy; IF, involved field; TLI,
total lymphoid irradiation.

Table 73.3 Recent limited stage HL randomized trials

Author Ref. Year Design Comment

Hagenbeek 17 2000 543 pts. supradiaphragmatic CS I-II, age 4y FFS better in combined arm: 99% 
� 50 nonbulky, randomized to MOPP/ vs 77% (P � 0.0001). OS 99% vs 95% 
ABV hybrid � 3 � IF XRT vs STLI (P 
 0.019)

Press 18 2001 326 pts. supradiaphragmatic CS I-II 3y FFS better in combo arm: 94% vs
randomized to STLI or 3 cycles ROXO � 81% (P � 0.001). OS � 95% no
vlb � STLI difference

Sieber 19 2002 571 favorable CS I-II pts. randomized to 2y FFP better in combo arm: 96% vs
ABVD � 2 � EF vs EF alone 84%, (P � 0.05). 2y OS 98% vs 98%

Bonadonna 20 2004 136 limited stage randomized to ABVD � No difference in FFP or OS 
4 � IF XRT or STLI

FFP, freedom from progression; CS, clinical stage; IF, involved field; EF, extended field; XRT, radiation therapy; STLI, subtotal lymphoid irradiation.



these three groups are as follows: for the favorable
group, the recommendation is for subtotal lymphoid
irradiation alone or CMT; for the group with bulky dis-
ease, CMT is recommended; for the nonbulky group
with other high risk factors, either CMT (preferred) or
subtotal lymphoid irradiation therapy is recom-
mended. None of these recommendations for limited
stage HL include chemotherapy alone.

Two recent studies have explored the use of ABVD
alone for limited stage HL. A Canadian trial random-
ized 399 patients with nonbulky stage I-IIA disease,
comparing four to six cycles of ABVD chemotherapy
with extended field radiation therapy (in a high-risk
group), or to two cycles of ABVD plus extended field
radiation therapy (in a low-risk group). Five-year free-
dom from progression was slightly inferior in the
ABVD group (87% vs 93%, P 
 0.006). OS was the same,
96% (ABVD) versus 94% (standard therapy).22 Strauss
et al. studied 152 untreated clinical stage I-IIIA non-

bulky HL, comparing outcome to either six cycles of
ABVD, or six cycles of ABVD followed by radiation
therapy (involved-field or extended-field).23 With five
years follow-up, there was no difference in freedom
from progression, or OS, in the two arms. Much
smaller series have also described the clinical utility of
ABVD alone in limited stage HL.24,25

LATE EFFECTS AFTER PRIMARY THERAPY FOR HL
It is now known that secondary malignancies are a
serious and potentially lethal consequence of primary
HLe therapy. The combination of death from sec-
ondary malignancies and posttreatment cardiac mor-
tality may result in more deaths for patients with
favorable limited stage HL than does the HL itself.

Table 73.4 shows a summary of recently reported
large studies examining the risk of secondary malignan-
cies in patients who received therapy for HL. The vast
majority of patients described in these studies received
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Table 73.4 Secondary malignancy after HL therapy

Author Ref. Year N Follow-up Findings

Bhatia 26 1996 1380 11.4 (median) 18-fold risk of all cancers. 7% absolute incidence 
at 15y. Breast cancer risk more than five times 
general population. BC risk associated with 
higher dose of radiation therapy. 46/47 solid 
tumor pts. received XRT 
 chemotherapy.

Aisenberg 27 1997 111 women 18 y (median) 34% of pts. aged less than 20y developed 
stage I-II HL breast cancer; 22% of those aged 20–29. No 
treated with plateau in incidence with time.
mantle XRT

van Leeuwen, 28 2000 1253 14y (median) 25y acturioral risk of malignancy 28%; risk of 
solid tumors higher for younger patients; 
no plateau in incidence with time; 27/27 breast 
cancer pts. received XRT ± chemo; 48/49 
other solid tumor pts. received XRT ±
chemotherapy.

Swerdlow 29 2000 5519 8.5y (mean) 20y cumulative risk of secondary malignancy 
15%; 8% solid tumors. Relative risk of solid 
tumors (10y, 61, breast) greater for younger pts. 

Metayer 30 2000 5925 10.5 (mean) Sevenfold-increased risk of solid tumors, 27-fold 
risk of acute leukemia. 20y HL survivors have the 
following fold risk of developing cancers: breast—8;
thyroid—38; cervix—11; GI—11. No 
secondary leukemic reported after 20 years, while 
risk of solid tumors continue. Vast majority of pts.
in this cohort received XRT.

Ng 31 2002 1319 12 (median) Fivefold-increased risk of secondary 
malignancy. Risk increased with increasing 
radiation field size. No plateau in risk after 
20 years.

Dores 32 2002 32,591 8 (mean) 25y after HL therapy risk of developing a solid 
tumor 22%; no plateau in incidence; younger 
age has a higher relative risk of developing a 
solid tumor.

XTR, radiation therapy.



radiation therapy alone or radiation therapy in combi-
nation with chemotherapy. Several themes are apparent.
Female patients receiving radiation therapy at a young
age have a tremendously increased risk of developing
breast cancer.26–28 Indeed, the relative risk of developing
any solid tumor is higher if the patient is treated at a
younger age.29,32 The risk of developing a solid tumor is
increased if radiation therapy alone was used as opposed
to chemotherapy alone.26,28,32 The risk of solid tumors
continues with time; there is no plateau in the incidence
of secondary solid tumors.32 As an example, with 25
years of follow-up, the risk of developing a secondary
solid tumor is as high as 28%.28 The risk of developing a
hematologic malignancy is highest 5–10 years after ther-
apy; there is no increased risk of hematologic malig-
nancy after 20 years of therapy.32 The size of the radia-
tion therapy field is associated with an increased risk of
developing secondary solid tumors.33 Additional studies
have determined that the risk of breast cancer is associ-
ated with radiation therapy dose. The risk with radiation
therapy dose appears to increase linearly, from at least
4–40 Gy.33

A meta-analysis of over 8000 females diagnosed with
HL between 1973 and 1999 was recently reported.34

The purpose was to examine the influence of radiation
therapy on the time interval to the development of
breast cancer. Out of 8,036 women, 183 (2.3%) were
subsequently diagnosed with breast carcinoma. The use
of radiation therapy in the treatment of HL resulted in
an increased risk of the development of breast carci-
noma (P � 0.01). A regression model revealed that the
use of radiotherapy had an adverse effect on long-term
survival (relative risk 
 1.84, P 
 0.01).

Radiation therapy to the chest is also associated with
an increased risk of ischemic coronary artery disease,

involving the carotid and/or subclavian arteries, and
valvular cardiac disease. A sampling of recent studies
examining the relationship of radiation therapy with
the development of cardiac disease is shown in Table
73.5. Some common themes to these studies are given
next. The risk of ischemic coronary artery disease
increases with time: there is approximately a 5–7% risk
at 10 years and a 10–20% risk at 20 years.36,39 The risk of
death from ischemic heart disease is five times that of
controls. The risk of ischemic death is 2–6% at 10 years
and 10–12% at 20 years.36,38 There is an eightfold risk of
developing symptomatic valvular heart disease, most
commonly involving the aortic valve.39 All of these risks
are associated with higher doses of radiation therapy
and larger radiation therapy fields.35,38,39 The addition
of chemotherapy does not contribute to increased risk
of any form of cardiac disease.36,39 The risk of develop-
ing cardiac disease in conjunction with mantle radia-
tion therapy seems to be particularly observed in
patients who have other known cardiac risk factors,
such as hypertension and elevated lipid levels. 

In summary, the risk of developing coronary artery
disease is dramatically increased with the use of radia-
tion therapy to the chest. The risk of the development
of solid tumors is increased with radiation therapy as
well. Both of these risks continue with time and show
no evidence of a plateau in their incidence with fol-
low-up beyond 20 years.

An important but sometimes neglected article was
published years ago examining the incidence of sec-
ond neoplasms after ABVD in HL.40 Over 1000 consec-
utive patients with HL were studied. In contrast to
MOPP chemotherapy, there is no increased incidence
of secondary malignancy seen in patients treated with
ABVD chemotherapy.
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Table 73.5 Recent trials of treated HL and cardiovascular disease

Author Ref. Year N Follow-uP Comment

Hancock 35 1993 2232 9.5 (mean) 4% died of heart disease, 63% from CAD. Mediastinal XRT 
dose � 30 Gy associated with increased risk of death from MI 
increases with time. 

Reinders 36 2000 258 treated 14.2 (median) 12% developed ischemic heart disease. Actuarial risk at 25 years 
with mantle of cardiac death 10%.
XTR

Lee 37 2000 210 treated 15-16 (median) 27% incidence of cardiovascular complication. Median time 
with mantle to cardiac event was 15 years.
XTR

Erikson 38 2000 157 mantle 16 (median) 8% died from ischemic heart disease. Greater risk with larger 
XTR volume fraction and higher XRT dose. 

Hull 39 2003 415 chest 11 (median) 10% developed ischemic heart disease at a median 9 years after 
XTR treatment. 7% developed carotid and/or valvular dysfunction 

at a median of 22 years, most commonly aortic stenosis.
Risk associated with higher XRT dose. Chemotherapy not 
associated with higher risk.

XRT, radiation therapy; MI, myocardial infarction; CAD, coronary artery disease.



THE CONTRARIAN APPROACH TO
LIMITED STAGE HL

Virtually every textbook echoes the NCCN practice
guidelines for HL in recommending radiation therapy in
one form or another for limited stage disease. The radia-
tion therapy is frequently coupled with chemotherapy,
resulting in the now accepted combined modality
approach. This approach has evolved for many reasons.
First, it works fairly well; most patients with early stage
HL are cured with this approach. Second, it builds on
historical data. Initially, radiation therapy was much
easier to administer to patients than was chemotherapy
and resulted in generally good outcomes. Thirty years
ago chemotherapy was something to avoid if at all pos-
sible. Additionally, when successful therapy for HL
began there was no knowledge of long-term late effects
of radiation therapy, because there was no long-term
follow-up of successfully treated patients.

However, we now know that radiation therapy con-
tributes to an increased risk of second malignancies,
which continues to rise as the length of follow-up
increases. Radiation therapy is also associated with car-
diac toxicities that increase the risk of cardiac death in
“successfully” treated patients. We also know that
ABVD neither have a significant risk of secondary
malignancies nor long-term cardiac toxicities (assum-
ing that patients are monitored appropriately during
the delivery of doxorubicin-based chemotherapy).
Additionally, as described previously, we now have data
on two recent studies examining the use of ABVD alone
for limited stage HL, in which the clinical outcomes are
outstanding.23–25 A logical question to ask is why
should we give radiation therapy at all. The contrarian
viewpoint in the treatment of early stage HL would
answer this question as follows: given our current
knowledge base, there is no reason to give radiation
therapy in early stage HL; simply give everyone ABVD.

Dr. Dan Longo was a pioneer in the treatment of
HL. He has written several editorials recently on this
subject. In 2002 he wrote, 

My fear is that we have ample evidence that radia-
tion therapy is harmful and that it is no longer
needed to treat most patients with Hodgkin’s lym-
phoma. The safest and most effective way to manage
patients with Hodgkin’s lymphoma is to use clinical
staging followed by six cycles of combination ther-
apy. ABVD is probably the most effective available
chemotherapy regimen . . . . . . . we should be using
radiation therapy more judiciously, rather than find-
ing excuses to use it in every patient. The next gen-
eration and our patients will judge us harshly for
failing to heed the obvious signs.41

In 2003 Dr. Longo wrote

The prevailing thinking seems to be as follows: if we
give combined modality therapy we can cut back a

little on the radiation dose and cut back a little on
the chemotherapy cycles and that should preserve
the anti tumor effects and minimize the toxicity. Au
contraire. No dose of radiation therapy is without
life threatening late sequelae, and six cycles of
ABVD chemotherapy alone appears to be extremely
effective in all stages of Hodgkin’s lymphoma with-
out any reported life threatening toxicities.42

Finally, in December 2004, Dr. Longo wrote an edi-
torial and stated 

Large cohorts of patients treated with radiation ther-
apy have now been followed for many years and
groups have reported that deaths related to radiation
therapy treatment outnumbered deaths related to
Hodgkin’s lymphoma. Mediastinal radiation ther-
apy is associated with a three fold increased risk of
fatal myocardial infarction from accelerated coro-
nary arthrosclerosis. Furthermore, patients treated
with radiation therapy have a risk of developing a 
secondary malignancy of about 25% in 25 years
with no evidence that that risk is decreasing with
time . . . . . . . it is time to adopt a new approach to
Hodgkin’s lymphoma treatment: clinical staging fol-
lowed by ABVD chemotherapy in all stages of dis-
ease. No life is without risk but such an approach
removes the imminent threat posed by radiation
exposure for the majority of patients.43

Radiation therapy has significant late toxicities that
seem to be largely ignored by the oncologic commu-
nity. ABVD is an extremely effective treatment of HL
and not associated with long-term toxicities. The vast
majority of early stage HL patients should receive
ABVD alone. The possible exceptions are those with
LMMs who have a positive PET scan at the end of com-
pletion of chemotherapy. Such patients might benefit
from radiation therapy, although this point has not
been definitively proven.

CLINICAL STAGE III AND IV (ADVANCED)
CLASSICAL HL: TREATMENT PRINCIPLES 

INTRODUCTION
Many patients present with advanced stage HL.44 In
the 1960s, DeVita and colleagues from the National
Cancer Institute (NCI) introduced a multiagent
chemotherapy regimen known as MOPP that estab-
lished cure in over 50% of patients with advanced
disease.45 Before this era, 5-year survival from
advanced HL barely reached 5%. However, MOPP
had significant short- and long-term toxicities.
Investigators subsequently examined other regimens,
such as ABVD. ABVD yields similar survival rates as
MOPP but has fewer short- and long-term toxicities.
What follows is a brief review of the historical devel-
opment of chemotherapy regimens for advanced HL, a
discussion of the “new” regimens used for higher-risk
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patients, and an examination of the role of radiation
therapy as part of CMT in the advanced disease setting.

CHEMOTHERAPY REGIMENS
MOPP and MOPP derivatives
The dosage, schedule, and frequency of MOPP
chemotherapy are described in Table 73.6. Patients
receive four drugs over a 2-week interval followed by a
2-week recovery period. A total of 4 weeks constitutes
one cycle of treatment. Most patients receive six
cycles. Historically, the dose of vincristine used in
MOPP frequently exceeded the currently recognized
dosage limit of 2 mg. Two updated mature studies with
1045 and 14 years46 follow-up, respectively, showed
that 66% of patients have remained disease-free more
than 10 years from the end of treatment. Forty-eight
percent of advanced HL patients have survived
between 9 and 21 years (median, 14 years) from the
end of treatment. Nineteen percent of the complete
remission cases have died of intercurrent illnesses, free
of HL.45,46

Unfortunately, acute and long-term toxicities of
MOPP regimen were significant. These toxicities
ranged from nausea to death. Overall mortality

approached 2.5% in the NCI series and 1.5% in smaller
studies.47 Hematologic toxicities, although reversible,
were sometimes fatal, as hematopoietic growth factor
compounds were not available at that time.
Vincristine-associated neuropathy was clinically rele-
vant with doses more than 2 mg. Procarbazine was
associated with severe emesis, and a type I allergic
reaction in rare cases.

Long-term toxicities were of even more serious con-
cern. Most patients experienced infertility after treat-
ment with MOPP. Males had at least an 80% risk of per-
manent azospermia after MOPP, while 50% of females
experienced gonadal failure.47,48 The risk appeared
lower with patients younger than 25 years of age; how-
ever, accelerated early menopause seemed to be the
case in every female who did recover her menses after
treatment.46 At a time when sperm banking and oocyte
cryopreservation were in their early stages, many
young patients, though cured, experienced significant
psychological repercussions due to their infertility.

Another major problem with MOPP was the obser-
vation of myelodysplastic syndrome (MDS) and acute
leukemia in up to 6% of patients. These hematologic
malignancies started 2 years after treatment, with a
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Table 73.6 Main chemotherapy regimens used in advanced HL

Dosage Cycle
Regimen (mg/m2) Route Schedule duration

MOPP 28 days
Mechlorethamine 6 IV Days 1, 8
Vincristinea 1.4 IV Days 1, 8
Procarbazine 100 PO Days 1–14
Prednisone 40 PO Days 1–14

ABVD 28 days
Adriamycin 25 IV Days 1, 15
Bleomycin 10 IV Days 1, 15
Vinblastine 6 IV Days 1, 15
Dacarbazine 375 IV Days 1, 15

MOPP/ABV Hybrid 28 days
Mechlorethamine 6 IV Day 1
Vincristinea 1.4 IV Day 1
Procarbazine 100 PO Days 1–7
Prednisone 40 PO Days 1–14
Adriamycin 35 IV Day 8
Bleomycin 10 IV Day 8
Vinblastine 6 IV Day 8

Stanford V 28 days
(total of three 
cycles)

Adriamycin 25 IV Day 1, 15
Vinblastine 6 IV Day 1, 15
Mechlorethamine 6 IV Day 1
Vincristine 1.4 IV Day 8, 22
Bleomycin 5 IV Day 8, 22
Etoposide 60 IV Day 15, 16
Prednisone 40 PO Every other day

aVincristine dose capped at 2 mg.



peak around the fifth year, and were associated with an
extremely poor prognosis, with a median survival of 6
months.49 Although the risk of leukemia was mostly
attributed to concomitant radiation, patients with
MOPP therapy alone were at increased risk of leukemic
transformation.49,50

MOPP derivatives were introduced in the mid 1970s
with the goal of similar efficacy with less toxicity. A
prospective randomized trial by the Cancer and
Leukemia Group B (CALGB) examined a new combina-
tion, BOPP (BCNU (carmustine), vincristine, procar-
bazine, and prednisone), derived from substitution of
BCNU for nitrogen mustard in the MOPP regimen. BOPP
was compared to MOPP and to 2 three-drug regimens,
derived by removing the procarbazine in BOPP (BOP) or
removing the alkylating agent (OPP). The four-drug pro-
grams resulted in significantly higher frequency of com-
plete remissions (BOPP 67%, MOPP 63%) than the three-
drug regimens (BOP 40%, OPP 42%), and a significantly
longer duration of remission and survival. In addition,
BOPP had less toxicity.51 Bakemeier et al. prospectively
compared BCVPP (carmustine, cyclophosphamide, vin-
blastine, procarbazine, and prednisone) to MOPP. Two
hundred ninety-three patients were evaluable in the
induction phase of this study. The complete remission
rates of BCVPP and MOPP were similar. The duration of
complete remissions for previously untreated patients
given BCVPP was significantly longer than that for pre-
viously untreated patients given MOPP (P 
 0.02).
Although hematologic toxicities were similar, BCVPP
caused less gastrointestinal (P 
 0.0001) and neurolog-
ical toxicity (P 
 0.01) than MOPP. More importantly,
previously untreated patients achieving complete
remission with BCVPP had a better OS than those
receiving MOPP (P 
 0.03).52

In other studies, alkylating agents such as
cyclophosphamide or chlorambucil were used instead
of the nitrogen mustard, resulting in similar efficacy
but less treatment-related leukemia.53,54

ABVD
In 1975, the ABVD regimen was introduced by
Bonadonna et al. in an attempt to find a salvage treat-
ment for MOPP failure. The dosage and schedule of
this regimen are described in Table 73.6. The study
involved a small number of patients (65 patients) and
showed that ABVD was safe and could be used in cases
of MOPP resistance. Moreover, it was well tolerated,
with more than 85% of the intended dosage being
delivered.55

The same European group published a randomized
trial in a larger cohort of 237 patients comparing the
“new” ABVD regimen to the standard MOPP therapy.
Three cycles of either combination chemotherapy pre-
ceded and then followed subtotal or total nodal radia-
tion. The 7-year results indicated that ABVD was statis-
tically superior to MOPP in terms of freedom from
progression (80.8% vs 62.8%), RFS (87.7% vs 77.2%),

and OS (77.4% vs 67.9%). Gonadal toxicities and
leukemia were only seen in patients receiving MOPP
therapy.56 Even with the clear benefits of AVBD over
MOPP in this study, it was largely criticized due to the
difficulty delivering the planned MOPP dosage after
receiving extensive radiation.

A landmark US study from the CALGB in 1992 ran-
domized 361 patients with advanced HL to receive
MOPP, ABVD, or a combination of MOPP alternating
with ABVD. Patients not achieving a complete
response or who relapsed with either MOPP alone or
ABVD alone were switched to the opposite regimen.
Overall survival at 5 years was 66% for MOPP, 73% for
ABVD, and 75% for MOPP-ABVD (P 
 0.28 for the
comparison of MOPP, with the anthracycline-contain-
ing regimens). While an improvement in OS did not
occur, ABVD regimens did have a higher rate of com-
plete response (82% vs 67%), less hematologic toxicity,
and a higher rate of failure-free survival (FFS) at 5 years
(61% vs 50%), when compared to MOPP. Patients with
recurrent disease after ABVD subsequently received
MOPP, with 61% achieving a second remission. In
comparison, only 35% of those who suffered relapse
after MOPP responded to ABVD. The alternating regi-
men (MOPP-ABVD) was not superior to ABVD and had
more hematologic toxicity.57 Patients did not receive
radiation in this study, thus allowing a direct compari-
son of the three chemotherapy regimens. A long-term
follow-up of this study over 15 years has recently been
published, demonstrating a 45% to 50% progression-
free survival (PFS) and a 65% OS rate for ABVD and
MOPP/ABVD.58

Due to the favorable outcomes associated with
ABVD, it started to replace MOPP in most cases of
advanced HL. Most patients were able to receive all of
the planned treatments.57 In addition, acute toxicities,
such as bone marrow depression and neurotoxicities
seen with MOPP, were much less frequent with ABVD.
Long-term toxicities, including gonadal dysfunction,
were encountered less frequently with ABVD than
with MOPP, with reversibility in most of the cases.59 In
the European trial mentioned earlier,56 no cases of
therapy-related leukemia were seen with ABVD as
compared with 6.5% with MOPP therapy, even with
the use of radiation in both arms.

Anthracycline inclusion in the ABVD regimen were
of concern initially, as doxorubicin is known to be
associated with cardiomyopathy. However, six cycles
of ABVD provide a total of 300 mg/m2 of doxorubicin,
which is well under the doses (450–500 mg/m2) usu-
ally associated with cardiac toxicities.60 Although
patients who receive mantle field radiation therapy
have a threefold-increased risk of fatal myocardial
infarction,35 evidence is lacking to support an additive
toxicity from concomitant anthracycline use.56

Short-and long-term effects of bleomycin include
pulmonary toxicity. In one trial, ABVD chemotherapy
induced acute pulmonary toxicity that required
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bleomycin dose modification in 37% of patients.61 The
addition of radiation therapy resulted in a further
decrease in vital capacity; however, this did not signif-
icantly affect normal daily activities. High-risk groups
for bleomycin toxicity include children, patients with
compromised respiratory status, or concomitant use of
bleomycin and gemcitabine.62,63

MOPP/ABV hybrid
This “hybrid’ regimen is described in Table 73.6.
Patients receive parts of a MOPP cycle combined with
components of an ABVD cycle, over a 1-month period.
An Eastern Cooperative Oncology Group (ECOG) trial
showed a high response rate for this regimen coupled
with an OS advantage when compared with sequential
MOPP followed by ABVD regimen.64 However, two
other trials failed to show any FFS or OS benefit from
the MOPP/ABV hybrid, when compared to an alternat-
ing regimen of MOPP/ABVD.65,66 These mixed results
prompted the initiation of an intergroup trial compar-
ing the hybrid regimen with the standard ABVD
chemotherapy. Results from this trial showed no sta-
tistical difference in FFS and 5-year OS between the
two arms.67 However, the MOPP/ABV hybrid was asso-
ciated with significant treatment-related deaths, sec-
ondary malignancies, and infections.67 As ABVD has
the same overall efficacy with less toxicity than the
MOPP/ABV hybrid, it continues to be the “standard
treatment” in advanced HL.

Stanford V
This regimen was introduced in 1995 with an objective
of improving cure rate and limiting toxicities. Table
73.6 describes the schedule dosing of this regimen.
Essentially, it is similar to the MOPP/ABV hybrid regi-
men but adds modest doses of Etoposide. Radiation
therapy is an integral component of this regimen with
36 Gy radiation given to sites of bulky disease more
than 5 cm in diameter. An initial report, followed
recently by more mature data, showed an FFS of 86%
with a 95% OS after 6.9 years of follow-up.68,69 These
numbers remained consistent in patients with bulky
mediastinal disease.70 Secondary malignancies and
infertility were reported to be less than 10%. This favor-
able toxicity profile, coupled with excellent efficacy,
prompted interest in this regimen as a substitute for
ABVD.71 However, a recent study from Italy showed an
FFS inferiority for the Stanford regimen as compared to
ABVD.72 This study compared three chemotherapy reg-
imens: Stanford V, ABVD, and MOPP-EBV-CAD (MEC)
(a combination regimen using mechlorethamine,
CCNU, vindesine, alkeran, prednisone, epidoxoru-
bicin, vincristine, procarbazine, vinblastine, and
bleomycin). Although OS was not statically different,
FFS, at 56 months follow-up, was 83% for ABVD, com-
pared to 67% for Stanford V. However, an important
point is that Stanford V is a combined modality regi-
men, with radiation therapy routinely given in up to

85% of the patients. The Italian trial used radiation
therapy in only two-thirds of patients, and frequently
at suboptimal dosages. Stanford V, with or without
radiation therapy, is currently being compared to
ABVD in advanced HL in an intergroup trial.71

BEACOPP regimen
The majority of patients with advanced HL are cured
with standard anthracycline-based treatments.
Approximately one-third of such patients fails to
achieve a long-term remission and therefore may ben-
efit from a more intensified initial regimen. An accu-
rate prognostic algorithm is necessary to identify
patients in whom standard treatment is likely to fail.

In 1998, a seven-factor prognostic scoring system
that focused on 5-year rates of freedom from progres-
sion of disease was developed. This system, known as
the international prognosis index (IPI), uses seven
independent prognostic factors: serum albumin level
of less than 4 g/dL; hemoglobin level of less than 10.5
g/dL; male sex; age of 45 years or older; stage IV disease
(according to the Ann Arbor classification); leukocyto-
sis (a white-cell count of at least 15,000/mm3); and
lymphopenia (a lymphocyte count of less than
600/mm3, a count that was less than 8% of the white-
cell count, or both). The score predicted the rate of
freedom from disease progression with higher scores
associated with increased risk of disease progression.73

The IPI was incorporated in a major German trial
where two “intense” regimens, known as BEACOPP
(bleomycin, etoposide, adriamycin, cyclophos-
phamide, vincristine, procarbazine, and prednisone)
were tested against COPP-ABVD, a combination that
many experts find equivalent to ABVD.74 A description
of these two BEACOPP regimens (baseline and esca-
lated) and COPP-ABVD is outlined in Table 73.7. The
BEACOPP regimen was developed in an attempt to
improve treatment results in advanced HL by dose and
time intensification and addition of etoposide. It
employs a schedule permitting a shortened 3-week
cycle. With growth factor support, the dosages of
cyclophosphamide, etoposide, and adriamycin were
moderately escalated. The trial, known as the HL-9
trial, included more than 1000 patients with advanced
disease. After a follow-up of more than 50 months, the
rate of freedom from treatment failure at 5 years was
69% in the COPP-ABVD arm, 76% in the BEACOPP-
baseline arm, and 87% in the escalated-arm BEACOPP
arm (P 
 0.04) for the comparison of the COPP-ABVD
arm with the BEACOPP arms (both the baseline and
escalated arms). The 5-year rates of OS were 83% with
COPP-ABVD, 88% with BEACOPP-baseline, and 91%
with BEACOPP-escalated. Only the comparison of
BEACOPP-escalated and COPP-ABVD was statistically
significant for OS. Taking into account the IPI, patients
with poor risk factors (� four adverse factors) had a
much more pronounced benefit from BEACOPP regi-
mens compared to COPP-ABVD, with 5-year OS
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exceeding 80%, as compared to 67% in the COPP-
ABVD arm.74 On the other hand, in the group of
patients with zero to one adverse prognostic factors,
OS did not differ among the three arms.
Unfortunately, this intensification in chemotherapy
resulted in a higher incidence of side effects: bone mar-
row toxicity, including grade 3 and 4 anemia, throm-
bocytopenia, infections, azospermia, and mucositis. At
a median follow-up of 7 years, secondary hematologic
malignancies were 2.4% in the escalated BEACOPP
arm, 1% in the BEACOPP-baseline group, and 0.4% in
the COPP-ABVD arm.75 Toxicities seemed to be more
significant with advanced age, as a 21% mortality was
noted in patients between 66 and 75 years old.76

Studies are currently evaluating a shorter duration of
the BEACOPP regimen (14 days) in addition to growth
factors.77 Another study is evaluating a “hybrid” regi-
men of escalated and standard BEACOPP, where
patients get four cycles of each chemotherapy regimen
in an attempt to reduce toxicity and maintain same
cure rates.75 These studies are ongoing.

ROLE OF RADIATION THERAPY IN ADVANCED HL
In addition to chemotherapy, radiation therapy pre-
sents a potentially attractive tool against advanced HL.

Early observations showed that the majority of
relapses occurred in previously involved, nonirradi-
ated sites. Retrospective studies from the early 1990s
showed a 10-year DFS of 89% in-patients with
advanced HL who received radiation, compared to
68% in-patients without radiation.78 Similar results
were reproduced in another retrospective study.79

These encouraging results from CMT provided the
basis for randomized controlled trials, summarized in
Table 73.8.

A Southwest Oncology Group (SWOG) trial random-
ized 278 patients with stage III and IV HL to receive addi-
tional radiation therapy or observation after achieving
complete remission (CR) with MOPP-based chemother-
apy.80 In an intention-to-treat analysis, RFS and OS at 8
years of follow-up were not statistically different.
Another trial from a German group randomized patients
in CR after six cycles of combined COPP-ABVD to receive
one additional cycle of chemotherapy with COPP-ABVD
versus radiation therapy to initially involved sites. Again,
DFS and OS were not different in both groups.81 In a mul-
ticenter randomized French study, 559 patients with
advanced HL were randomized to two regimens of
anthracycline-based chemotherapy. Patients with an
excellent response were then randomized to receive
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Table 73.7 BEACOPP (baseline), BEACOPP escalated, and COPP/ABVD regimens

Dosage Cycle
Regimen (mg/m2) Route Schedule duration

BEACOPP (baseline) 21 days
Bleomycin 10 IV Day 8
Etoposide 100 IV Day 1–3
Adriamycin 25 IV Day 1
Cyclophosphamide 650 IV Day 1
Oncovin (Vincristine)a 1.4 IV Day 8
Procarbazine 100 PO Day 1–7
Prednisone 40 PO Day 1–14

BEACOPP intensified 21 days
Bleomycin 10 IV Day 8
Etoposide 200 IV Day 1–3
Adriamycin 35 IV Day 1
Cyclophosphamide 1250 IV Day 1
Oncovin (Vincristine)a 1.4 IV Day 8
Procarbazine 100 PO Day 1–7
Prednisone 40 PO Day 1–14
G-CSFb SC

COPP/ABVD 56 days
Cyclophosphamide 650 IV Day 1, 8
Oncovin (Vincristine)a 1.4 IV Day 1, 8
Procarbazine 100 PO Day 1–14
Prednisone 40 PO Day 1–14
Adriamycin 25 IV Day 29, 43
Bleomycin 10 IV Day 29, 43
Vinblastine 6 IV Day 29, 43
Dacarbazine 375 IV Day 29, 43

aVincristine dose capped at 2 mg.
bGranulocyte colony-stimulating factor.



either “consolidation” with extensive field radiation or
an additional two cycles of the same chemotherapy.
Five-year DFS and OS were not different for either con-
solidative regimen.82 The same authors published a
subset study from the French trial that looked exclu-
sively at patients with an LMM, a group believed by
many experts to benefit from additional radiation. In
this study, in patients with LMM who achieved a
major response of at least 75% after six cycles of
chemotherapy, consolidation radiotherapy did not
add any survival benefit compared to two additional
cycles of chemotherapy.83

A meta-analysis tried to overcome the potential
false-negative outcomes from smaller studies and
involved 1700 patients with advanced HL from 14 dif-
ferent trials.84 Additional radiation compared to obser-
vation decreased the relapse rate by 40% without
affecting the 10-year OS. On the other hand, patients
who had consolidative chemotherapy had an 8% bet-
ter OS compared to those with consolidative radiation
therapy. Although radiation seems to delay disease
recurrence, its long-term toxicities (such as AML/MDS,
other secondary solid tumors, and heart disease)
appear to dampen any possible long-term OS benefit.
This meta-analysis was largely criticized for two rea-
sons: the chemotherapy used was primarily MOPP-
based and IFRT was used in only 50% of cases. Patients
with bulky disease features, a group who could poten-

tially benefit from radiation, were not carefully
addressed in this meta-analysis.84

Recently, two randomized studies were published,
with mixed results. The first study from Europe random-
ized patients with advanced HL to receive two cycles of
MOPP/ABV hybrid or IFRT to involved areas after six
cycles of effective chemotherapy. IFRT did not add any
DFS or OS benefit compared to the two additional cycles
of MOPP/ABV. IFRT was of benefit in patients achieving
only a partial response after chemotherapy, and resulted
in a 5-year OS similar to patients in CR.85

The second study, from India, explored the role of
additional radiotherapy in patients achieving a CR
after six cycles of ABVD. A significant difference in 8-
year event-free-survival and OS was found when radia-
tion was added to chemotherapy.86 This was the first
large, randomized study to show a survival advantage
with consolidation radiation. However, this study is
not widely accepted due to many limitations. More
than 50% of patients had early-stage disease and were
younger than 15 years. In addition, histology was in
most of the cases a mixed-cellularity type, as compared
to the nodular sclerosis type seen in most of the
European and North American trials.

Currently, an ongoing German study (HL12) is
using intensive regimens, such as like BEACOPP-type
with or without IFRT, in patients with advanced HL.
An interim analysis is supporting the hypothesis that
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Table 73.8 Trials of CMT for advanced HL

Median
follow-up

Author Ref. Year N Study (months) Comment

Fabian 80 1994 278 RCT 96 Based on an “intention to treat” analysis: No difference in 
OS or DFS between CMT and CT alone

Diehl 81 1995 288 RCT 72 After CR, randomized to one cycle of COPP-ABVD or 20 
Gy of IFRT: No DFS or OS benefit

Ferme 82 2000 559 RCT 48 After CR, randomized to two cycles of the same CT or 
STNI: No OS or DFS difference

Brice 83 2001 82 RCT 48 Exclusively in LMM. After CR, randomized to two cycles 
of CT or STNI: RR superior in CMT but no difference in DFS 
or OS. 

Loeffler 84 1998 1740 Meta- 120 After CR, RT vs observation: RRTF reduced by 40% 
analysis but no OS advantage, even in bulky disease.

After CR, CT vs CMT: OS better in CT alone (P 
 0.045)

Aleman 85 2003 739 RCT 79 After CR, two cycles of additional CT (hybrid) vs IFRT: 
no difference in EFS or OS

Laskar 86 2004 179 RCT 63 After CR with six cycles of ABVD, EFS and OS better with 
CMT than CT alone (P 
 0.01 and 0.002, respectively)
Caveats: Less than 50% of patients have advanced HL or 
older than 15 years.

Diehl 87 2003 1076 RCT 24 Third interim analysis: No difference in FFTF or OS 
(Abstract) between CMT and CT alone.

RCT, randomized controlled trial; CT, chemotherapy; RT, radiation therapy; STNI, subtotal nodal irradiation; RRTF, relative risk of treatment
failure; EFS, event-free survival; FFTF, freedom from treatment failure.



radiation can further be reduced substantially after
effective chemotherapy.87

CONCLUSIONS OF ADVANCED HL TREATMENT
Six to eight cycles of ABVD remains the treatment of
choice for advanced stage HL at this time. Both the
NCCN and NCI guidelines recognize ABVD as the gold
standard regimen with a high level of evidence.88,89

Stanford V has a favorable toxicity profile, but it is not
clear at this time whether it is as efficacious as ABVD.
An intergroup trial is underway and will hopefully
answer this question. BEACOPP regimens are gaining
popularity, especially in high-risk disease; however, its
toxicity profile is significant. The role of additional
radiation after effective chemotherapy is at best conjec-

tural, even in the bulky disease setting. Some patients
with an LMM often receive additional radiation as part
of initial therapy, although evidence supporting this
practice is sparse. The conclusions from the current lit-
erature of the role of radiation added to chemotherapy
in advanced HL is that it may have a beneficial impact
when the preceding drug regimen is inadequate for
effective tumor control, as occurs with patients who
have a partial response. However, such patients have an
inherently poor prognosis, and may be appropriate
candidates for autologous stem cell transplant.

Future directions using new imaging techniques
such as PET scan and gene expression profiling studies
will hopefully identify accurate prognostic parameters
to guide therapeutic decisions.
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74Chapter 74
TREATMENT APPROACH 
TO NODULAR LYMPHOCYTE-
PREDOMINANT HODGKIN’S 
LYMPHOMA
Brad Pohlman

INTRODUCTION AND PATHOLOGY

Nodular lymphocyte-predominant Hodgkin’s Lym-
phoma (NLPHL) is a unique subtype of Hodgkin’s lym-
phoma (HL), which accounts for approximately 5% of
cases and has a morphology, immunophenotype, clin-
ical presentation, natural history, and prognosis that
are distinct from classical HL (CHL). This variant of HL
was first described in the 1930s and recognized not
only for its unique morphology but also its more indo-
lent clinical behavior. Jackson and Parker coined the
term “paragranuloma”—a term that is sometimes still
seen in the literature.1 Lukes and Butler used the term
lymphocytic and histiocytic (L&H) and further
divided this type into nodular and diffuse subtypes.2

At the 1966 Rye conference, four types of HL were rec-
ognized: nodular sclerosis, mixed cellularity, lympho-
cyte depletion, and lymphocyte predominance (LP).3

Although the Rye classification combined the nodular
and diffuse subtypes of LPHL, subsequent studies con-
tinued to analyze the pathological and clinical differ-
ences between these two variants.4–6 With advances in
pathology and, in particular, immunohistochemistry,
hematopathologists appreciated that a purely morpho-
logic classification system was inadequate. In fact, the
morphologic classifications of LPHL actually included
at least two biologically distinct types of HL. This dis-
tinction was recognized in the 1994 Revised
European–American Lymphoma (REAL) classification,
which separated “lymphocyte predominance (para-
granuloma)” from the other types of HL and added a
provisional subtype of CHL, “lymphocyte-rich classi-
cal” (LRCHL).7 More recently, the World Health
Organization (WHO) classification separated HL into
two broad, pathologically and clinically distinct cate-
gories: NLPHL and CHL.8,9 The pathologic characteris-
tics are detailed in Chapter 71. Briefly, NLPHL is a

monoclonal B-cell neoplasm characterized by a nodu-
lar, or a nodular and diffuse, polymorphous prolifera-
tion of scattered large neoplastic cells known as “pop-
corn” or “L&H” cells.9 Unlike the Reed–Sternberg cells
of CHL, the L&H cell of NLPHL express the B-cell
marker, CD20, but not CD15 or CD30. When the
REAL/WHO criteria were applied to LPHL cases previ-
ously diagnosed by expert hematopathologists based
on morphology alone, only three-quarters of the cases
were still classified as LPHL.10,11 Most of the other cases
were reclassified as CHL and, in particular, LRCHL. 

CLINICAL FEATURES AND PROGNOSIS

PRE-REAL/WHO SERIES
Most publications prior to the combined morphologic
and immunophenotypic classification included patients
with both NLPHL and CHL. Both LPHL and CHL
patients were eligible for the same clinical trials. Only
a small minority had LPHL and many of them were
undoubtedly misdiagnosed and actually had LRCHL.
Even retrospective studies as recent as 1995, which
purported to analyze the specific subset of patients
with LPHL, still relied on now outdated and imprecise
diagnostic criteria and, therefore, must have included
a significant number of LRCHL patients. 

Nevertheless, many large historical series of
patients with LPHL (which predated the REAL/WHO
criteria and clearly included patients with CHL and, in
particular, LRCHL) recognized their distinct presenta-
tion and course.4–6,12–16 The patients were predomi-
nantly male, generally young, and frequently had
asymptomatic, nonbulky, stage I or limited stage II
disease involving peripheral lymph nodes. Although
some series observed a pattern of frequent and some-
times late relapses, virtually all series recognized the
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excellent overall survival. Many of these studies
observed a disturbing pattern of deaths due to other,
often treatment-related, malignancies and cardiovas-
cular disease. Some of these series appreciated differ-
ences in long-term outcome between this subtype
compared to other subtypes of HL.

The development of non-Hodgkin’s lymphoma
(NHL) in patients with CHL or LPHL has been well
documented.12,17–24 A review from the International
Data Base on Hodgkin’s Disease appreciated a higher
risk of NHL in patients with LPHL compared to those
with CHL.25 The NHL, primarily diffuse large B-cell
lymphoma (DLBCL) and frequently the T-cell/histio-
cyte rich variant of DLBCL (TC/HR DLBCL), may occur
simultaneously with, or sometimes years after, the
diagnosis of LPHL even without any treatment.23,24 In
many of these cases, a clonal progression from HL to
NHL has been documented.24,26,27 Given the difficulty
in sometimes distinguishing NLPHL and TC/HR
DLBCL, some patients who actually had TC/HR
DLBCL may have been initially misdiagnosed with
NLPHL.11,24,27,28 Consequently, the risk of developing
NHL may actually be overestimated. While the risk
of NHL after HL may be higher in NLPHL compared
to CHL patients, the absolute risk is still very low—
probably less than 5%. 

POST-REAL/WHO SERIES
Much of the available clinical information regarding
NLPHL as currently defined is derived from the
European Task Force on Lymphoma (ETFL) Project,
which was initiated in 1994 and published in 1999.29

In this large retrospective study, biopsies from cases
diagnosed initially as LPHL at 17 European and
American institutions were reviewed and reclassified
using morphologic and immunhistochemical criteria
according to a modified REAL classification. In addi-
tion, four other, relatively large, retrospective studies
identified patients with NLPHL based on the REAL
and/or WHO criteria.30–33 A summary of these five
studies follows. Several other recent, relatively large,
retrospective series were not included in this chapter
because they included only children, included patients
that were reported in a subsequent publication, and/or
included immunohistochemistry for diagnosis in only
some of the cases.10,34–38

Patients with NLPHL in these five series accounted
for 3–8% of all HL patients.29–33 The presenting charac-
teristics of these patients are shown in Table 74.1. Like
the historical publications, the patients in these series
were primarily young males with early stage disease.
Indeed, 51–63% of patients presented with stage I dis-
ease. Frequently, these patients presented with isolated
peripheral adenopathy; mediastinal involvement was
appreciated in only 0–15% of the patients. A significant
minority (18–20%) of patients had clinical stage (CS)
I–II infradiaphragmatic disease. Stage IV was rare and
accounted for only 3–12% of patients. Less than 10% of

patients had B symptoms, and bulky disease was very
uncommon. A concurrent diagnosis of DLBCL was doc-
umented in only one patient.31 The use of staging
laparotomy in these retrospective series varied consid-
erably (ranging from 0 to 88%), but results of staging
laparotomy were provided in only one study.30 In this
study, only 4% of patients with CS I but 28% of
patients with CS II were upstaged. Interestingly, six of
eight patients with CS IIIA in this series were down-
staged. The patients in these studies were diagnosed
and treated over a period of many years. In general,
they were treated no differently than patients with
CHL of similar stage and risk factors according to stan-
dards of care at the time. Some of the patients were
enrolled on clinical trials. The vast majority of patients
received radiation therapy (RT) either alone or com-
bined with chemotherapy. Some patients received radi-
ation only to involved sites. Most received mantle or
subtotal nodal irradiation (STNI). A few received total
nodal irradiation. The specific chemotherapy regimens,
sequence, and number of cycles varied considerably.
With primary therapy, 93–98% of patients achieved a
complete remission. The median follow-up in these
five series ranged from 6.3 to 10.8 years. The freedom
from relapse, freedom from progression, failure-free
survival, or relapse-free survival ranged from 45 to 80%
at 8–15 years. The HL-specific failure-free survival for
the 219 NLPHL patients in the ETFL Project is shown in
Figure 74.1.29 In this series, failure-free survival was
much worse for the minority of patients with stage IV
disease (i.e., 24% at 8 years).29 Relapses often occurred
late; the median time to relapse was 39–53 months and
ranged from 4 to 155 months. Three of these studies
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Figure 74.1 The Hodgkin’s-lymphoma-specific, failure-free
survival and overall survival of 219 patients with nodular lym-
phocyte-predominant Hodgkin’s lymphoma in the European
Task Force Lymphoma Project. (Adapted from Ref. 29)



Table 74.1 Patient characteristics, treatment, and outcome in morphologically and immunophenotypically diagnosed nodular lymphocyte-predominant
Hodgkin‘s lymphoma

Initial Treatment

Male Stage I/II RT CT CMT CR Follow-up (years) FFR/FFP/FFS/RFS OS
Reference No. (%) Age (years) (%) (%) (%) (%) (%) Median (range) 10 year (%) 10 year (%)

Bodis et al.30 75 80 31% �15 88 86 8 6 NA 10.8 (0.5–23.7) FFR 80 93
77% �40

Orlandi et al.31 68 68 Median 35 75 38 34 28 93 6.3 (1.5–20.0) FFP 45 71
Range 14–86

Diehl et al.29,39 219 74 Median 35 81 63 13 24 95 6.8 (NA) 8-year FFS 74 8 year 94
72% � 50

Wilder et al.32 48 81 Median 28 100a 77 0 23 NA 9.3 (2.7–34.4) RFS 75 92
Range 16–49
87% �40

Feugier et al.33 42 74 Range 18–65 100a 0 0 100 98 NA (6.1–22.3) 15-year FFP 80 15 year 86
70% �40

RT, radiation therapy; CT, chemotherapy; CMT, combined modality therapy; FFR, freedom from relapse; FFP, freedom from progression; FFS, failure-free survival; RFS, relapse-free survival; OS,
overall survival; NA, not available.
aOnly included stage I and II patients.



suggested a continuous pattern of relapse up to 10
years or more after diagnosis and treatment.29–31 Many
patients had multiple relapses. One study suggested
that patients with localized disease were less likely to
relapse.31 Another found that relapses occurred more
commonly outside the initial radiation field.32 In four
of these series, subsequent NHL was documented in 0
of 71, 4 of 68, 6 of 219, and 1 of 42 patients.29–31,33

Despite the risk of relapse, the overall survival was
extraordinarily good and ranged from 71 to 94% at
8–15 years. The HL-specific overall survival for the 219
NLPHL patients in the ETFL project is shown in Figure
74.1.29 In this series, survival was worse for patients
with stage IV disease (i.e., 41% at 8 years). Of 95 deaths
reported in four of these series, only 16 were attribut-
able to HL; most of the remaining patients were in
remission at the time of death.29–31,33 Second malignan-
cies and cardiovascular disease were the most common
cause of death (Table 74.2).

TREATMENT OF EARLY STAGE DISEASE

PROSPECTIVE, CONTROLLED, RANDOMIZED,
CLINICAL TRIALS
Several studies have defined the standard of care for
patients with early stage CHL (see Chapter 73). Most, if
not all, of these studies included patients with NLPHL.
The German Hodgkin Lymphoma Study Group
(GHSG) trial enrolled 1204 informative and eligible CS
I or II patients with one or more risk factors or CS III
without any risk factors.40 A risk factor was defined as
any of the following: large mediastinal mass (at least
one-third of maximal thorax diameter), extranodal dis-
ease, massive splenic involvement (diffuse infiltrations
or more than five focal lesions), erythrocyte sedimenta-
tion rate (ESR) �50 mm/h in patients without B symp-
toms, �30 mm/h in patients with B symptoms, or
more than two lymph node areas of involvement.
Patients with CS IIB were included on this study if they
had an elevated ESR or more than two involved lymph
node areas and none of the other risk factors. Patients
were randomized to received four cycles of COPP
(cyclophosphamide, vincristine, procarbazine, and

prednisone) alternating with ABVD (doxorubicin,
bleomycin, vinblastine, and dacarbazine) followed by
30-Gy extended field (EF) plus 10 Gy to bulky disease or
four cycles of COPP alternating with ABVD followed by
30-Gy involved field (IF) plus 10 Gy to bulky disease.
Only 8% of patients had stage I disease and 1.4% had
LPHL. The National Tumor Institute of Italy enrolled
136 eligible and assessable patients with “unfavorable”
stage I or any stage IIA HL. Unfavorable was defined as
having any of the following characteristics: bulky dis-
ease (mediastinal mass greater than one-third of the
thoracic diameter and/or nodal disease �10 cm), pul-
monary hilus involvement, or contiguous extranodal
extent.41 Patients were randomized to receive either
four cycles of ABVD followed by involved-field radia-
tion therapy (IFRT) or four cycles of ABVD followed by
STNI. Total radiation dose to previously involved sites
was 36 Gy (in patients with confirmed complete remis-
sion following ABVD) and 40 Gy (in patients with
unconfirmed complete remission or partial remission
following ABVD). In patients randomized to receive
STNI, the radiation dose to uninvolved sites was 30.6
Gy. Nodular sclerosis subtype accounted for 76% of the
patients; the number of patients with NLPHL was not
noted. Only 11% of the patients had stage I disease. In
both the German and Italian studies, four cycles of
chemotherapy followed by IFRT was equivalent to four
cycles of chemotherapy followed by extended-field
radiation therapy (EFRT). In a retrospective study of the
HD1 and HD5 trials, the GHSG analyzed the outcome
of CS or pathologic stage (PS) I–IIIA HL patients, who
received four cycles of COPP alternating with ABVD
followed by 40 Gy to areas of initially bulky disease and
either 20, 30, or 40-Gy EFRT.42 LPHL accounted for only
1–5% of the patients in these two studies. They found
no significant difference in complete response rate,
freedom from treatment failure, or overall survival
based on the administered RT and concluded that four
cycles of chemotherapy followed by 20-Gy IF/EF is suf-
ficient treatment for most patients with early stage,
nonbulky HL. 

Most studies of early stage HL have included RT
(either with or without chemotherapy). Only five
prospective, randomized studies have evaluated
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Table 74.2 Cause of death in morphologically and immunophenotypically diagnosed nodular lymphocyte-predominant
Hodgkin’s lymphoma

Cause of death

Total Number Hodgkin’s Non-Hodgkin’s MDS/ Solid Cardiovascular
Reference patients Dead lymphoma lymphoma AML tumors disease Other

Bodis et al.30 75 9 1 – 5 2 1 –

Orlandi et al.31 68 15 8 3 1 2 1 –

Diehl et al.29 219 31 8 2 2 3 4 –

Feugier et al.33 42 4 1 0 0 2 0 1

NLPHL, nodular lymphocyte-predominant Hodgkin lymphoma; MDS, myelodysplastic syndrome; AML, acute myelogenous leukemia.



chemotherapy alone for the treatment of patients with
early stage HL. Two older studies in patients with early
stage HL compared MOPP (mechlorethamine, vin-
cristine, procarbazine, and prednisone) chemotherapy
to STNI and obtained conflicting results.43–45 LPHL
patients accounted for only 6–7% of the patients ran-
domized to receive chemotherapy. Recently the
National Cancer Institute of Canada Clinical Trials
Group and the Eastern Cooperative Oncology Group
reported the preliminary results of a phase III study,
which randomized 399 eligible patients with nonbulky,
CS I–IIA HL to receive “standard therapy that includes
RT” or chemotherapy alone.46 Patients were stratified as
either “low risk” or “high risk.” Low-risk patients were
younger than 40 years and had nodular sclerosis or
LPHL, ESR �50 mm/h, and involvement of three or
fewer disease-site regions; all other patients were high
risk. Patients randomized to the “standard” arm
received STNI alone (if low risk) or two cycles of ABVD fol-
lowed by STNI (if high risk). Patients randomized to the
chemotherapy-only arm received four cycles of ABVD (if
in complete remission after two cycles) or six cycles of
ABVD (if not in complete remission after two cycles).
Compared to “standard” therapy, patients that received
chemotherapy alone had an inferior progression-free
survival (P 
 .006, HR 
 2.6, 5-year estimates 87% vs
93%) but the same overall survival (96% vs 94%). The
number of patients with NLPHL was not provided. The
Grupo Argentino de Tratamiento de la Leucemia Aguda
randomized 277 untreated, CS I–II HL patients (includ-
ing only 33 with LPHL) to receive six cycles of CVPP
(cyclophosphamide, vinblastine, procarbazine, and
prednisone) or six cycles of CVPP sandwiched with 30-
Gy IFRT.47 The prospective analysis showed an
improved disease-free survival in favor of combined
modality therapy but similar overall survival. In favor-
able patients with no risk factors (defined retrospec-
tively by Cox multivariable analysis), the disease-free
survival (75% vs 70%) and overall survival (92% vs
91%) at 84 months were similar. In unfavorable patients
with one or more risk factors (age greater than 45 years,
more than two lymph node area involved, or bulky dis-
ease), however, the combined modality patients had an
improved disease-free survival (75% vs 34%, P 
 0.001)
but not a statistically significant different overall sur-
vival (84% vs 66%). Finally, Memorial Sloan Kettering
Cancer Center randomized patients with nonbulky, CS
or, in a small minority, PS I-IIA/B or IIIA HL to receive
six cycles of ABVD chemotherapy with or without 36-
Gy EFRT or, in a minority, IFRT.48 The complete
response duration, freedom from progression, and over-
all survival were the same in both groups. Fourteen (9%)
of 152 enrolled patients had LPHL; six were randomized
to receive chemotherapy only. Subset analysis of the
entire group according to histology failed to detect sig-
nificant differences in complete response duration 
(P 
 .93), freedom from progression (P 
 .99), or overall
survival (P 
 .51).

On the basis of the results of these (as well as other)
studies, most patients with early stage CHL are treated
with four to six cycles of combination chemotherapy
(e.g., ABVD) usually followed by 20–40-Gy IFRT. But
NLPHL patients comprised only a small minority of
the patients in these studies and many of the patients
probably had LRCHL. Furthermore, many NLPHL
patients were not eligible for these studies because
they lacked the necessary risk factors. Therefore, it is
unclear if the results from these studies are applicable
to the “typical” NLPHL patient. 

RETROSPECTIVE STUDIES OF LIMITED TREATMENT
In a recent review, Conners wrote, “. . . there is no def-
inite evidence that LPHL is less curable than CHL . . .”49

In another review, Diehl concluded, “there is no ratio-
nale for a less intensive treatment” of LPHL compared
with CHL.39 Yet he suggested that these “treatment
strategies might be too intensive, particularly when
late effects such as secondary malignancies and cardiac
and pulmonary complications are taken into
account.” Several authors have suggested that the
management of these patients should try to minimize
therapy-related complications.30,38,39,49 On the other
hand, Diehl noted that the subsequent development
of disease-related, rather than treatment-related, NHL
in some patients suggests the need to retain (rather
than reduce) currently effective primary therapy.39 In
fact, retrospective analyses support less intensive treat-
ment at least for some patients. 

Several groups have reviewed the outcome of LPHL
patients treated with limited RT. In 1995, the Harvard
Collaborative Oncology Group published the prelimi-
nary results of a combined prospective and retrospec-
tive analysis of 46 patients with PS I–IIA HL treated
with mantle field RT alone between 1970 and 1993.50

The prospective study was limited to patients with
nodular sclerosis or LPHL and no risk factors (i.e., B
symptoms, mediastinal mass greater than 1/3 of the
thoracic diameter on a standing posteroanterior chest
radiograph, and no subcarinal or hilar adenopathy).
With a median follow-up of 32 (range 13–58) and 113
(range 56–296) months in the prospectively and retro-
spectively studied patients, respectively, none of the
16 LPHL patients had relapsed. The prospective study
was recently updated.51 Between October 1988 and
June 2000, 87 patients with PS IA-IIA HL received
30.6–44 Gy mantle field RT. After 1995, patients with
PS IA mixed cellularity, CS IA LPHL, and females with
CS IA nodular sclerosis HL were also enrolled. Of the
77 pathologically staged patients, 37 had PS IA and 40
had PS IIA disease. Six patients had CS IA disease. With
a median follow-up of 61 (range 13–127) months,
none of the 15 LPHL patients had relapsed. Wirth et al.
retrospectively studied 261 Australian patients with CS
I–II HL treated with 30–40 Gy mantle field RT alone
between 1969 and 1994.52 With a median follow-up
for surviving patients of 8.4 (range 1.8–27.4) years, the
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10-year overall survival was 73%. On mulitvariable
analysis for overall survival, age was the only impor-
tant prognostic factor. The 10-year progression-free
survival was 58%. On multivariable analysis, the pro-
gression-free survival was significantly better for
patients with LP histology, nonmediastinal bulk less
than 10 cm, three or fewer involved sites, no B symp-
toms, stage I, and performance status 0. The 10-year
progression-free survival for 56 LPHL patients was 81%
for stage I and 78% for stage II with no relapse or
deaths beyond 10 years. 

Patients with supradiaphragmatic CS IA LPHL have
a very low probability of having disease detected below
the diaphragm at staging laparotomy.53,54 And, as
noted earlier, mediastinal involvement in NLPHL is
very uncommon. These data suggest that patients with
CS IA NLPHL might be candidates for very limited RT.
Surprisingly, little data are available on the outcome of
patients with LPHL (or NLPHL as defined by the
REAL/WHO criteria), who were clinically staged with
modern imaging studies and treated with limited RT.
Early studies showed that IFRT alone was not adequate
for unselected patients with early stage HL.55,56 Several
studies, however, recognized the excellent outcome of
young LPHL patients with PS or CS IA limited to
suprahyoid cervical lymph node(s). Relapse following
IFRT in this subset of patients is rare.14,57–59 Recently,
Schlembach et al. reported the outcome of 36 NLPHL
patients (retrospectively diagnosed according to the
REAL/WHO criteria) with nonbulky, stage IA (n 
 27)
or IIA (n 
 9) involving three or less nodal regions
above (n 
 27) or below the diaphragm (n 
 9), who
received a median of 40-Gy RT alone at the MD
Anderson Cancer Center between 1963 and 1996.60

The majority of patients received “limited-field,” i.e.,
IF (n 
 3), regional (n 
 18), mantle or inverted Y ���

spleen (n 
 7); the rest of the patients received EF, i.e.,
subtotal or total nodal irradiation (n 
 8). For the 24
patients with PS IA (n 
 8) or CS IA (n 
 16) NLPHL
who received IF or regional radiotherapy, the 5-year
relapse-free and overall survival were 96% and 100%,
respectively. The GHSG recently presented the prelim-
inary findings from a study in which 89 patients with
CS IA NLPHL and no risk factors were treated with
IFRT (n 
 44), two to four cycles of ABVD followed by
20–30 Gy IFRT (n 
 25), ABVD chemotherapy alone (n

 2), or an unknown therapy (n 
 1).61 Ninety-seven
percent of the patients achieved a complete or uncon-
firmed complete remission. Two patients have relapsed
and no patients have died. Follow-up, however, is rela-
tively short.

Because of the excellent overall survival (regardless of
the specific treatment) and the risk associated with
treatment as well as the observations from a few reports,
some authors have considered a “watch and wait”
approach.13,29,62 In one study, 31 minimally staged
patients, who were initially considered to have benign
lymphadenopathy but were subsequently diagnosed

with LPHL, received no treatment following excision of
the involved lymph node(s).12 With median follow-up
of 7 years, seven patients died 1–11 years after surgery—
only one from HL and three from NHL, two from carci-
noma, and two from other causes. In another study of
145 cases of LPHL, 24 stage I patients received no ther-
apy following excision of the involved lymph node(s).13

Fifteen of these 24 patients relapsed but 9 remained free
of disease for 7–14 years. In 1988, the French Society of
Pediatric Oncology (FSOP) initiated a prospective, non-
randomized study.38 At the physician’s discretion, 27
children with NLPHL were either observed following
lymph node excision (n 
 13) or received (according to
FSOP protocols) chemotherapy with or without 20-Gy
RT. Nine of 13 observed patients had no evidence of dis-
ease following lymphadenectomy. Seven of 13 observed
patients progressed a median of 24 (range 4–120)
months after surgery. With a median follow-up of 70
months, 12 of 13 patients are in first (n = 7), second
(n 
 3), third (n 
 1), or fifth (n 
 1) remission and all
of the patients are alive.

TREATMENT OF ADVANCED-STAGE
DISEASE

Several studies have defined the standards of care for
patients with advanced-stage CHL and are discussed in
Chapter 73. Based on the results of these studies, most
patients in the United States are treated with ABVD,
Stanford V (doxorubicin, vinblastine, vincristine,
bleomycin, mechlorethamine, etoposide, and pred-
nisone), or, less often, BEACOPP (bleomycin, etopo-
side, doxorubicin, cyclophosphamide, vincristine,
procarbazine, and prednisone) with or without RT to
sites of initially bulky disease.63–65 LPHL accounted for
only 1–5% cases so the conclusions from these studies
are not necessarily applicable to NLPHL patients.

On the basis of limited data and primarily individual
institutional preferences, the National Comprehensive
Cancer Network (NCCN) guidelines suggest that
patients with advanced (as well as early) stage NLPHL
requiring chemotherapy should receive “alkylator-
based” regimens.62 Actually, very little published data
are available on the most appropriate chemotherapy
regimen in patients with NLPHL. In one retrospective
study, 8 of 12 LPHL patients treated initially or at first
relapse with MOPP or a MOPP-like regimen achieved a
durable first or second complete remission, but only 2
of 6 patients treated initially or at first relapse with
ABVD or EVA (etoposide, vinblastine, and doxorubicin)
achieved a durable first or second complete remis-
sion.30 A recently published study from the same insti-
tution retrospectively compared outcome of MOPP ver-
sus ABVD as salvage therapy in 100 HL patients who
relapsed between 1980 and 1997 following primary
RT.66 Ninety-seven of the patients were stage I–II, and
10 had NLPHL. They observed no difference in freedom
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from second relapse or survival between the two groups
of patients and no difference in outcome based on his-
tology. 

The results from two recent publications suggest that
rituximab, an anti-CD20 monoclonal antibody with
activity in B-cell NHL, may have a role in the manage-
ment of patients with NLPHL. These two prospective,
phase II trials evaluated the potential efficacy of a stan-
dard 4-week course of rituximab in patients with
NLPHL. Between May 1999 and March 2002, GHSG
enrolled 10 patients (median age 41, range 23–49 years)
with NLPHL in first (n 
 5), second (n 
 2), or third (n

 2) relapse, and a median of 8.5 (range 0.5–21) years
after initial diagnosis.67 Five patients had a complete
response, four patients had a partial response, and one
patient (who had relapsed 6 months after initial diag-
nosis and soon after completing BEACOPP) progressed.
Two of the nine responding patients progressed at 12
months. The other seven patients remained in remis-
sion at 9� to 26� months. The other study enrolled 22
NLPHL patients (median age 45, range 18–63), who
were previously untreated (n 
 12) or were in first (n 


6), second (n 
 3), or fourth (n 
 1) relapse, and a
median of 11.9 (range 1–33) years after initial diagnosis
and a median of 9 (range 0.4–27) years after the prior
treatment.68 The complete and partial response rates
were 46% and 54%, respectively. The response duration
was relatively short. Six of 12 previously untreated and
3 of 10 previously treated patients relapsed a median of
9 months after the first rituximab infusion. Eight of the
nine patients relapsed exclusively at the sites of prior
disease. Five of these nine patients had a repeat biopsy.
Two of the five patients (including one, who was previ-
ously untreated) relapsed with DLBCL.

GUIDELINES AND RECOMMENDATIONS

The optimal management of patients with NLPHL is
uncertain and controversial. The NCCN guidelines for
patients with NLPHL are complex and distinctly different
than for patients with CHL; these recommendations are
based on “lower-level” evidence including clinical expe-
rience, and are not always with uniform agreement
among the panel members.62 For patients with CS IA
NLPHL confined to the high neck (above the hyoid
bone), the NCCN guidelines recommend IF or regional
RT. For patients with CS I–IIA disease at other locations,
the guidelines generally recommend IF or regional RT
(with or without initial chemotherapy), while for
patients with more advanced disease, the guidelines rec-
ommend chemotherapy with or without RT. For patients
with CS III–IVA, observation is also offered as a manage-
ment option. The National Cancer Institute/Physician’s
data query (NCI/PDQ) website suggests that patients
with nonbulky, stage I LPHL presenting in a unilateral
high neck (above the thyroid notch), epitrochlear,
inguinal, or femoral locations require only IF or

“regional” RT; for all other patients, it recommends the
same treatment for NLPHL and CHL patients.69 The
European Organization for Research and Treatment of
Cancer (EORTC) and GHSG generally treat patients with
CS I–II NLPHL and no risk factors with IFRT, while they
treat patients with more advanced-stage disease (i.e., CS
I–II with one or more risk factors or CS III–IV) the same as
patients with CHL.70

Based on the literature review in this chapter and the
recommendations from European and American lym-
phoma experts, I offer the following guidelines. For
patients with nonbulky, peripheral, stage IA or relatively
limited, stage IIA disease, I recommend IF or regional RT.
The optimal radiation dose is unknown; I recommend
30–36 Gy. For patients with bulky stage I or more
advanced, stage II disease, I recommend four cycles of
ABVD followed by 30  (if in complete remission) or 36-
Gy (if in unconfirmed complete or partial remission)
IFRT. Recent, and as yet unpublished, data from GHSG
may allow some of these patients to receive as little as
two cycles of ABVD and 20-Gy IFRT.70 For patients with
stage III or IV disease, I recommend six to eight cycles of
combination chemotherapy (e.g., ABVD or BEACOPP).
Given the poor failure-free and overall survival of stage
IV NLPHL patients, standard or dose-escalated BEACOPP
are particular attractive options. Recently presented,
unpublished results from an Italian study, which
enrolled patients with advanced-stage HL, suggested
that Stanford V is inferior to ABVD.71 The current US
intergroup study is comparing ABVD to Stanford V
although enrollment is limited to advanced-stage CHL
patients.

SUMMARY

NLPHL has a characteristic morphology, immunopheno-
type, presentation, and natural history. The clinician
must recognize both its pathological and clinical charac-
teristics and question the diagnosis if the two are discor-
dant. Most of these patients have an excellent prognosis
although long-term follow-up (i.e., greater than 10 years)
in morphologically and immunophenotypically defined
patients is limited. Based on the excellent 10-year sur-
vival and the relatively high risk of death from causes
other than HL, therapy must not only adequately con-
trol, if not cure, the HL and ideally prevent the evolution
to NHL, but also minimize both short- and long-term
toxicities. This goal is perhaps even more important with
NLPHL than with CHL. Future treatment strategies may
incorporate anti-CD20 monoclonal antibodies, (e.g., rit-
uximab). When relapse is suspected, a biopsy is manda-
tory to distinguish recurrent NLPHL from DLBCL and
progressively transformed germinal centers (a benign
lymphadenopathy that may occur before, after, or con-
currently with NLPHL and is not necessarily indicative of
disease relapse). Finally, these patients require indefinite
follow-up since late relapses are possible.
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75Chapter 75
AUTOLOGOUS STEM CELL 
TRANSPLANTATION FOR
HODGKIN’S LYMPHOMA
Craig Moskowitz and Daniel Persky

The majority of patients with Hodgkin’s lymphoma
(HL) are cured with radiation therapy (RT) and/or
combination chemotherapy. However, patients who
relapse or those with primary refractory disease have a
poor outcome with conventional-dose salvage regi-
mens. Treatment results with these salvage regimens
produce a low complete remission rate and minimal
survival benefit. Long-term survival is poor when
either MOPP or MOPP/ABVD is administered with
curative intent in the salvage setting.1,2 Over the past
two decades, results of many prospective clinical trials
utilizing high-dose chemotherapy or chemoradiother-
apy (HDT) with autologous stem cell transplantation
(ASCT) in the salvage setting are reported, and approx-
imately 40% of patients appear to be cured using this
approach.3

Most early transplant studies included heavily pre-
treated patients receiving autologous bone marrow as
the stem cell source, both of which influenced the
morbidity and mortality of HDT.4–6 With the introduc-
tion of granulocyte colony-stimulating factor (G-CSF),
peripheral blood progenitor cells, better transfusion
practices, more effective antibiotics, and the omission
of patients with disease progression pre-ASCT, the
transplant-related mortality has decreased from 15%
to less than 3% in most series. Despite these strides in
supportive care, long-term freedom from treatment
failure (FFTF) for the patients receiving HDT/ASCT has
improved by less than 10% in recent series. There are a
number of pretreatment and treatment-related prog-
nostic factors that predict for outcome.7

TO ACHIEVE BENEFIT FROM HDT/ASCT

Two randomized studies comparing full-course salvage
chemotherapy (SC) administered alone with curative
intent with short-course SC followed by HDT and ASCT
are reported. The British National Lymphoma

Investigation (BNLI) randomly assigned relapsed and
primary refractory patients to either carmustine, etopo-
side, cytarabine, and melphalan (BEAM) HDT followed
by ASCT or up to three cycles of mini-BEAM with stan-
dard support.8 The German Hodgkin’s Lymphoma
Study Group (GHSG) randomly assigned patients with
relapsed HL to either two cycles of dexa-BEAM (dexam-
ethasone-BEAM) and BEAM and ASCT versus four
cycles of dexa-BEAM.9 Each study demonstrated a sta-
tistically significant improvement in FFTF for the
patients treated on the HDT arms, but neither was pow-
ered to show an overall survival (OS) advantage.

The importance of pretransplant cytoreduction with
SC is demonstrated in numerous previous reports.10–13

In 1993, the lymphoma service at Memorial Sloan
Kettering Cancer Center (MSKCC) published results
using high-dose chemoradiotherapy in patients with
biopsy-confirmed relapsed and primary refractory HL
in first-generation clinical trials (MSKCC protocols 85-
97 and 86-86).14,15 The program utilized accelerated
fractionation radiotherapy either as total lymphoid
irradiation (TLI) or as involved field radiation (IFRT),
followed by high-dose chemotherapy and ASCT. One
hundred and fifty-six patients with relapsed or pri-
mary refractory disease were treated; chemosensitive
disease to SC was not a requirement for subsequent
HDT. At a median follow-up of 11 years, the FFTF was
45%. After the introduction of G-CSF, overall mortality
of the program decreased from 18 to 6%. In this study,
patients with chemosensitive disease to SC had a
marked OS advantage: 61% versus 14%. These results
demonstrated the feasibility of incorporating dose-
intensive radiotherapy into HDT for HL and most
importantly determined that patients with chemosen-
sitive disease to SC had a marked improvement in FFTF
compared to patients with refractory disease at the
time of HDT.

As with aggressive non-Hodgkin’s lymphoma (NHL),
chemosensitive disease to SC is now suggested for trans-
plant eligibility in the United States.16 There is limited

CHEMOSENSITIVE DISEASE IS REQUIRED
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information regarding the optimal SC regimen. The
requirements for an SC regimen are adequate cytoreduc-
tion in at least 75% of patients without extramedullary
toxicity or severe bone marrow suppression, with subse-
quent ability to collect an adequate stem cell harvest.17

Specifically, in the phase III randomized German study
described above, of the 161 patients enrolled, 13 could
not be randomized secondary to dexa-BEAM-related
mortality (eight patients) or severe infection.

In 2001, we reported the results of a comprehensive
program for the treatment of 82 patients with relapsed
and primary refractory HL (MSKCC protocol 94-68).18

All patients received SC with ifosfamide, carboplatin,
and etoposide (ICE) and only responders were subse-
quently offered HDT and ASCT. All patients in this trial
had biopsy-proven relapsed or refractory disease, and
our data were analyzed by intent to treat. The response
rate to ICE was 90%; there was no severe ICE-related
extramedullary (nonhematologic) toxicity. The median
number of CD34� cells/kg collected was 7 � 106/kg.
FFTF, at a median follow-up for surviving patients of 6
years, is 55%. In the subset of patients who received
HDT/ASCT (75 of 82 patients), the FFTF is 61%.

Recently, two additional SC regimens were reported
to have promising, although preliminary, results.
Seventy-six patients with relapsed or refractory HL
were treated on a phase I/II study with gemcitabine
(G), vinorelbine (N, Vinorelbine), and liposomal dox-
orubicin (D) (GND). The objectives were to determine
the maximally tolerated dose (MTD), response rates,
and toxicity of this combination; 28 patients had a
prior ASCT. At a planned interim analysis of the phase
II portion of the study, the overall response rate was
58% [95% exact CI (0.34, 0.80)] for the first 19 patients
without prior transplant [8 partial response (PR) 3
complete response (CR)] and 68% [95% exact CI (0.44,
0.87)] for the 19 patients with prior transplant (12 PR,
1 CR). The regimen was well tolerated and, impor-
tantly, is administered in the outpatient setting.19

IGEV consists of ifosfamide 2000 mg/m2 i.v. days 1–4;
gemcitabine 800 mg/m2 i.v. days 1 and 4; vinorelbine
20 mg/m2 i.v. day 1; prednisolone 100 mg/m2 i.v. days
1–4, and G-CSF 300 	g s.c. days 7–12 or up to peripheral
blood progenitor cell (PBPC) harvest. Therapy consisted
of four IGEV cycles at 3-week intervals followed by HDT
in responding patients. The overall response rate was
84%, and all patients but one mobilized an adequate
amount of PBPC. Grade III–IV neutropenia occurred in
34% of all IGEV courses, and was dose limiting.
Nonhematologic side effects were negligible.20

DO PATIENTS WITH PRIMARY REFRACTORY
DISEASE HAVE A SUBOPTIMAL OUTCOME
WITH ASCT?

While response to SC is the major selection criteria to
proceed to ASCT, other prognostic factors also predict

for long-term FFTF in patients with relapsed and refrac-
tory HL. Some groups have suggested that patients with
primary refractory disease do less well than those
patients who achieve an initial remission to front-line
therapy. There are conflicting registry data in this regard.

The North American Autologous Blood and Bone
Marrow Transplant Registry (ABMTR) reported on a
series of 122 primary refractory patients having 3-year
progression-free survival (PFS) and OS rates of 38 and
50%, respectively, using a variety of HDT regimens.
Although chemosensitivity status was unknown in less
than one-third of patients, it was concluded that only
B symptoms at diagnosis and a poor performance sta-
tus at the time of ASCT predicted for a poor outcome.

The Groupe d’Etudes des Lymphoma de l’Adulte
(GELA) reported on a group of primary refractory
patients defined as progression of disease on therapy,
less than 50% response to front-line therapy, or persis-
tent bone marrow involvement after four cycles of ini-
tial chemotherapy. These patients had poor outcomes
with HDT and ASCT, with 5-year freedom from second
failure of 23%, even though most patients (62%) had
chemosensitive disease to SC.

The GHSG evaluated 206 patients with primary
refractory disease defined as progression of disease on
front-line therapy, or biopsy confirmation of active
disease within 90 days posttherapy. While only 70 of
these 206 patients actually received HDT and ASCT,
the authors concluded that HDT was no better than
standard chemoradiotherapy when the data were ana-
lyzed by intent to treat.21–24

An underlying problem with these published refrac-
tory disease series is the lack of a uniform definition of
this entity. Definitions range from progression of dis-
ease on upfront therapy to a partial response 3 months
posttreatment. Moreover, the inclusion of patients
with unconfirmed pathology may result in treatment
of patients with aggressive NHL, with a nonmalignant
disorder (infection, or sarcoid-like reactions), or with
residual radiologic abnormalities but no active HL
with an HDT program. These non-HL entities are often
strongly positive on gallium or positron emission
tomography imaging, thereby making histologic con-
firmation even more imperative.25–28

We recently reported our data in primary refractory
HL, which has longer median follow-up than any of the
other reported series. This report is distinguished by a
repeat biopsy confirming active HL in all patients.
Among the 91 patients with primary refractory HL iden-
tified for this analysis, eight (9%) were found to have
diffuse large B-cell lymphoma on the repeat biopsy. In
these cases, the initial diagnosis of HL was confirmed by
pathology review. The presence of an aggressive NHL
has both prognostic significance and affects the choice
of second-line therapy; for example, the use of anti-
CD20-based therapy in patients with aggressive NHL
may have a critical role (i.e., rituximab or high-dose
radiolabeled anti-B1).29 With a median follow-up of 
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10 years, results at many centers including data at
memorial Sloar Kettering Cancer center indicate that
HDT/ASCT should be considered as standard treatment
for patients with primary refractory HL if chemosensi-
tive disease to SC is established. This is summarized in
Table 75.1.30–34 We found no difference in FFTF for
patients with chemosensitive primary refractory versus
chemosensitive relapsed disease35 (Figure 75.1).

MULTIPLE FACTORS PREDICT SURVIVAL IN
RELAPSED AND PRIMARY REFRACTORY HL

Many groups have reported that prognostic factors
other than refractory disease can predict survival. In
general these factors can be divided into four cate-
gories: (1) extent of disease (advanced stage or extran-
odal involvement); (2) B symptoms [or surrogate
marker such as elevated erythrocyte sedimentation rate

or interleukin 10 (IL-10)]; (3) remission duration of less
than 1 year; (4) significant disease burden after SC. In
our study of ICE SC followed by HDT and ASCT dis-
cussed above, Cox regression analysis determined that
there are three factors associated with a poor outcome
pre-ICE: extranodal sites of disease (ENS) (P � 0.001),
initial remission duration �1 year (P 
 0.001), and B
symptoms (P � 0.001). Using this three-factor model,
we identified three groups of patients with highly sig-
nificant differences in outcome with this treatment
approach. A favorable risk group having zero to one of
these risk factors (56% of the patients) had FFTF of 80%
measured from initiation of ICE therapy. Patients with
two or three risk factors faired less well with an event-
free survival (EFS) of 40%. (Figure 75.2)

This three-factor model was the basis of our third-
generation risk-adapted comprehensive study. In this,
study patients with no risk factor or one risk factor
(ENS, initial response duration � 1 year, or B symptoms
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Table 75.1 Outcome of patients with primary refractory disease based upon response to salvage therapy

Median
follow-up Biopsy

Series PTS (months) proven (%) PFS (%) OS (%) TD (%) Chemosensitivity

Vancouver 30 42 55 42 30 18 NA

ABMTR 122 28 NA 38 50 12 NS

GELA 157 50 36 23–66 30–76 12 P 
 0.05

GHSG 70 52 57 31 43 9 P 
 0.0001

SFGM 86 29 None 25 35 8 P 
 0.0001

MSKCC 75 120 100 49 48 9 P � 0.0001

Figure 75.1 Overall
survival of transplanted
patients with relapsed
or primary refractory
disease

TD, toxic death; SFGM, French national registry.



at time of study enrollment), group A, were treated
exactly the same as in the second-generation program;
in that study FFTF was 80%. Patients with two risk fac-
tors, group B, received one dose of standard-dose ICE
followed by a dose of augmented ICE second-line ther-
apy as well as a more dose-intense transplant-condi-
tioning regimen. Finally, patients with all three risk fac-
tors, group C, received a completely different regimen.
Cytoreduction was done with transplant doses of ICE
followed by stem cell support, which was followed by a
second autotransplant. This three-arm study, however,
uses one universal theme: patients must have
chemosensitive disease to their “ICE” therapy—group
A to standard doses of ICE, group B to augmented ICE,
and group C to transplant doses of ICE. The median
follow-up of the patients is now 30 months and
patients with multiple risk factors have improved FFTF
as compared to our previous report (unpublished data).

RATIONALE FOR USING RADIATION
THERAPY IN THE SETTING OF HDT/ASCT

RT administered with curative intent in the salvage
setting has been used alone or in combination with
chemotherapy. Small single-institution series of highly
selected patients report a significant local control rate
and 5-year FFTF of approximately 30%. The strategy of
incorporating RT into HDT is based on the premise
that the pattern of relapse post-HDT is similar to
relapse following front-line chemotherapy; i.e., it most
commonly occurs at sites of initial nodal involvement
and is therefore amenable to treatment with RT.
Considering the excellent local control afforded by RT,

many institutions successfully incorporated RT into
their second-line therapeutic approaches; however,
there remains no random assignment data that sup-
port this strategy.

RT is most commonly given in two fashions: post-
transplant consolidation or as part of pretransplant
cytoreduction (Table 75.2).

CONSOLIDATIVE RADIOTHERAPY

The advantages of using RT in the post-ASCT setting
include converting a CT-determined partial response
to a complete response and reducing the size of the
radiation field in patients with bulky disease by high-
dose chemotherapy. It does not have the drawback of
delaying the administration of high-dose chemother-
apy or of overlapping pneumonitis, which can be seen
with the combination of RT and carmustine-based
HDT.36–40 Consolidative RT may, however, produce sig-
nificant myelosuppression. This has largely been
avoided by waiting for proper hematologic recovery
and initiating RT within 3 months of ASCT. However,
due to this selection bias, patients with early disease
progression post-ASCT will not be eligible to receive
consolidative RT with curative intent.

One of the earlier studies by Jagannath et al. at MD
Anderson Cancer Center involved treatment of 61
patients with HDT/ASCT. Of 18 patients achieving a
partial response, six were converted to a CR with local
RT.41 Subsequently, Mundt et al. reported the experi-
ence at the University of Chicago with IFRT in 54
patients with relapsed/refractory HL. Forty-six percent
of patients relapsed, two-thirds at sites of prior nodal
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involvement. Of 13 patients receiving IFRT after ASCT,
10 were treated at sites of persistent disease and three
for CR consolidation. IFRT significantly reduced the
relapse at these sites (26.3% vs 42.8%, P � 0.05) and
significantly improved local control. Most impor-
tantly, all 10 patients who received IFRT at sites of per-
sistent disease, as defined by CT criteria, were con-
verted to a CR and had improved FFTF (40% vs 12.1%,
P 
 0.04) that was comparable to patients achieving
CR with ASCT alone (40% vs 60.0%, P 
 0.38).42

Lancet et al. described the experience at the
University of Rochester with 27 of 70 patients who
underwent ASCT receiving IFRT. Patients in CR, as
defined by CT criteria, received 20 Gy to previous sites
of disease while those achieving a PR posttransplant
received 30 Gy within 4–8 weeks of ASCT. Five-year
FFTF was significantly better in the consolidative IFRT
group (44% vs 26%, P 
 0.006). Consolidative RT has
thus shown promise in its ability to convert some
patients in PR, as defined by CT criteria, to CR with
apparent long-term benefits.43

PRE-ASCT CYTOREDUCTIVE
RADIATION THERAPY

One of the main advantages of using RT as a part of
cytoreductive therapy is maximizing response prior to
HDT/ASCT, which, some groups have reported, is asso-
ciated with a better outcome.17 It also eliminates any
delay in RT administration, a modality that increas-
ingly has been left out of front-line therapy for HL. In
addition, hematologic toxicity secondary to RT in the
post-ASCT setting is of little clinical importance when
administered pre-ASCT. Conversely it contributes to
mucositis and pneumonitis, particularly if mediastinal
radiation is administered.

A Stanford series by Poen et al. included 100 con-
secutive patients of which 24 received IFRT, 18 as
part of cytoreductive therapy and six in consolida-
tive setting. In the 39 radiation-naïve patients in this
study, IFRT improved OS (93% vs 55%, P 
 0.02)
with a trend toward improved FFTF. For the group as
a whole, FFTF and OS did not improve survival, most
likely due to the selection of patients eligible to receive
IFRT.44

In a series from the University of Toronto, Crump 
et al. treated 40 of 73 patients with extended-field RT
to bulky sites of disease pre-ASCT. Univariate analysis
determined that RT improved outcome, but this was
not significant in multivariate analysis. Only disease
status at transplant and relapse at irradiated sites was
prognostic.45 The same group later determined that
treatment-related mortality in their series was worse in
patients receiving thoracic RT, particularly if signifi-
cant lung volume was irradiated or if given within 50
days of ASCT.46

Pezner et al. published the City of Hope experience
with cytoreductive IFRT in 29 of 86 patients, 17 of
whom subsequently received conditioning regimens
with total body irradiation. In-field recurrences devel-
oped in 7% of the patients. Two-year disease-free sur-
vival (DFS) was 44%. Interstitial pneumonitis occurred
in only three patients. However, the utility of IFRT in
this program was difficult to evaluate.47

At MSKCC, we have used accelerated fractionated
IFRT as part of cytoreduction for the past 20 years with
or without total lymphoid radiation. Patients receive
up to 36 Gy over a 10-day period administered in twice-
daily fractions. Initially, in the pregrowth factor era,
mortality with the entire program was excessive, but
decreased to 6% after the introduction of G-CSF and
now is 1% with the use of PBPC and more aggressive
transfusion practices. Although univariate analysis
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Table 75.2 Role of involved field radiotherapy as part of management in relapsed/refractory HL

Number
Authors of patients Pre-ASCT Post-ASCT EFS/DFS/PFS OS Comments

Poen et al. 100 18 6 3 year EFS: 63% vs 3 year: 70% Survival benefit
55%, P 
 0.59 vs 61%, in stages I–III

P 
 0.41

Pezner et al. 86 26 3 2 year DFS: 44% 2 year: 38% IFRT impact
not evaluated

Dawson et al. 13 13 0 2 year PFS: 50% 2 year: 84% Prospective,
phase I

Mundt et al. 54 7 13 5 year PFS: 38.9% 5 year (cause- IFRT post-ASCT
specific): 46.5% converted PR to

CR in 10/10

Lancet et al. 70 0 27 5 year EFS: 44% vs 5 year: 81%
26%, P 
 0.0056 (not stratified)



supports the use of IFRT, in multivariate analysis the use
of IFRT is not significant because patients with wide-
spread extranodal disease, a worse group of patients
prognostically, rarely benefit from IFRT. Interestingly
�15% of failures occurred at irradiated sites.14,18

Recently, a small prospective study of IFRT adminis-
tered pre-ASCT was reported by Dawson et al. from
University of Michigan. Thirteen patients with HL
received 20–36 Gy with excellent local control and a
respectable 2-year FFTF of 50%, but there was a lack of
association to dose or time interval pre-ASCT .48

Cytoreductive RT continues to be frequently employed
in HDT/ASCT regimens, based mostly on retrospective
institutional series. Significant toxicity, primarily pul-
monary, has limited most protocols to IFRT, with the
addition of more extensive RT to RT-naïve patients.

Variability of RT doses and parameters, timing of
administration, and study populations have limited
the ability to compare the studies. Prospective studies
will be needed to address these questions as well as
concerns about late toxicity, including secondary
myelodysplasia and acute leukemia.

SUMMARY

In conclusion, HDT with ASCT is standard therapy for
patients with relapsed and primary refractory HL, pro-
vided chemosensitive disease to salvage chemotherapy is
established. Future studies need to evaluate functional
imaging in the transplant setting, standardize SC, and
prospectively evaluate RT in a randomized fashion.42,49,50
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INTRODUCTION

The remarkable success in treatment of Hodgkin’s
Lymphoma (HL) creates the challenge of long-term
management of patients who are, unfortunately, at
risk for premature death. Despite excellent control
of the disease, long-term outcome remains inferior
to that of the general population. Excess mortality
is, in general, due to HL itself during the first 5–10
years after diagnosis, but treatment-related compli-
cations affect survival 25–30 years after therapy. HL
patients should be followed life long, and the sched-
ule and the nature of this surveillance should be tai-
lored to the temporal patterns of complications
(Figure 76.1). While detection of recurrence may be
most important during the first 5 years, detection
and prevention of cardiac, thyroid, and pulmonary
disease should be ongoing and screening for sec-
ondary malignancies should be employed when pos-
sible.

PATTERNS OF RELAPSE AFTER INITIAL
TREATMENT OF HODGKIN’S LYMPHOMA

Although late relapses occur, most relapses are seen
within the first 5 years of treatment. Relapse risk and
location are significantly affected by stage at presen-
tation, prognostic factors, and therapy given. Long-
term follow-up for patients with Hodgkin’s disease
reveals that approximately 70% of the disease-
related deaths occur during the first 5 years and vir-
tually no disease-related deaths are seen after 10
years. There are no data to suggest that early detec-
tion of recurrences can necessarily improve survival.
However, clinical trials suggest that salvage treat-
ment for HL is more effective when patients have
minimal disease than when they have bulky disease
at recurrence. However, no trial has demonstrated
an advantage for treatment when disease is detected
by routine screening studies versus symptomatic
relapse.1,2

Figure 76.1 The actuarial risks of death
from major disease categories. 
HD 
 Hodgkin’s disease (From Ref. 1.
Reprinted with permission from the
American Society of Clinical Oncology)
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Despite lack of data showing a positive impact on
outcome with aggressive posttreatment follow-up,
many physicians utilize physical examination, blood
work, and imaging studies fairly frequently during the
first 2 years after therapy. This is usually followed by a
less intensive schedule (Table 76.1). Typical follow-up
consists of visits every 3–4 months during the first 2
years and every 6 months until year 5, and annually
thereafter. These visits are generally used for physical
examination, blood work, chest radiograph, and
selected imaging studies. Despite such an intensive fol-
low-up schedule, most of the relapses are detected in
symptomatic patients. A study of 210 HL patients in
complete remission after therapy revealed that 30 of 37
relapsed patients had symptoms of disease.3 Only four
asymptomatic relapses were detected by routine evalua-
tion. Widespread use of sensitive imaging methods such
as FDG-PET (18F-fluorodeoxyglucose positron emission
tomography) is likely to improve the early detection
rate, although it is difficult to project whether such
early detection will result in improved outcome.
Imaging studies such as PET scanning, with or without
computed tomography (CT) scanning, are used three to
four times a year during the first 2 years of follow-up
despite a lack of prospective studies evaluating their
impact on outcome and their cost–benefit ratio.

FOLLOW-UP FOR LONG-TERM
COMPLICATIONS OF HL TREATMENT

SECONDARY MALIGNANCIES
Numerous studies have demonstrated that the malig-
nancy rate is significantly higher in survivors of HL than
in the general population and these malignancies have
poor prognosis. Solid tumors comprise the most common
type of secondary malignancy, accounting for 60–80% of
cases. The risk of developing a solid tumor is increased in
patients receiving radiation therapy, compared to those

receiving chemotherapy alone. Secondary leukemia and
non-Hodgkin’s Lymphoma cases are fewer, but their rel-
ative risks are higher, since they are uncommon in the
general population.4,5 The cumulative risk of solid
tumors continuously increases until at least 25 years of
follow-up. In contrast, the risk of acute leukemia is
mostly confined to the first 10 years.

In a German Hodgkin’s Lymphoma Study Group
report from 2004, 127 patients out of a cohort of 5367
developed secondary cancers (2.4%) after a median
follow-up of 72 months, with overall relative risk of
2.4.6 Of these, 24% were lung, 20% colorectal, and 10%
were breast cancer. More than 50% of the patients with
secondary cancers were treated with combined modal-
ity, including extended field radiotherapy. In a report
from Royal Marsden Hospital, 77 second malignancies
were detected out of 1039 patients (7.4%).7 The stan-
dardized incidence ratios (SIR) were as follows: 4 for
stomach, 3.8 for lung, 26.5 for bone, 16.9 for soft tissue,
and 3.9 for nonmelanoma skin cancers, 4.6 for non-
Hodgkin’s Lymphoma, and 31.3 for acute myeloid
leukemia. Patients who received radiotherapy only had
an SIR of 2.6, chemotherapy only 2.1, and combined
modality therapy had an SIR of 3.1. Leukemia risk was
related to chemotherapy exposure alone or with radia-
tion. Unfortunately, the relative risk of solid tumors was
greater in patients who were treated at the age of 25 or
younger, compared to those treated at age 55 years or
older. In the Dutch series, 1253 patients with HL treated
before the age of 40 were analyzed. One hundred thirty-
seven secondary cancers were detected in these patients
compared to 19.4 cases expected in the general popula-
tion.8 The 25-year actuarial risk of secondary cancer was
28%, and the relative risk of solid tumors increased in
patients who were at a younger age during their first
treatment. Most of the patients aged 20 years or
younger developed second cancers before reaching 40
years and the risk appeared to decrease after 10 years.
An updated Dutch series reported on 1261 patients with
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Table 76.1 Suggested follow-up schedule for patients with Hodgkin’s Lymphoma

Years 0–2 Years 3–5 Years 5–10

Physical examination Every 3–4 months Every 6 months Once a year

Routine blood worka Every 3–4 months Every 6 months Once a year

TFTb, lipid profile Once a year Once a year Once a year

Chest film – – Once a year

CT scan Every 3–4 months Every 6 months –

PET scan Alternate CT/PET Alternate CT/PET

Breast cancer screenc Treatment age ,17: Start at age 25
17–35: Start 8 years later

aRoutine blood work: Complete blood count, erythrocyte sedimentation rate, and liver function tests.
bPatients who had neck radiotherapy.
cFor women who had supradiaphragmatic irradiation. Annual breast MRI or ultrasound ages 25–29; annual mammogram ages 30 
and above.



a median follow-up of 17.8 years1 (Figure 76.1). There
were 534 deaths, 55% due to HL. Relative risk of death
from all causes was 6.8 times greater than the risk
observed in general population, and this risk remained
high even 30 years after treatment due to secondary
tumors and cardiovascular disease (relative risk of 6.6
and 6.3, respectively). The relative risks were signifi-
cantly higher for patients treated before age 20, 14.8,
and 13.6, respectively, for malignancy and cardiovascu-
lar deaths. As these patients grew older however, the
secondary causes of mortality declined.

Except for breast cancer, there are no guidelines for
screening HL survivors for secondary malignancy. The
cumulative risk of developing breast cancer is estimated
to be as high as one in three by 40 years of age for those
receiving supradiaphragmatic irradiation in childhood
(� 16 years) and one in five by age 50 years for those
treated at age 20–29 years.9 The relative risk is increased
mainly in those under the age of 30 years at the time of
irradiation and is highest for those treated between the
ages of 10 and 16 years. The relative risk is much lower
in women aged 30–35 years (1–3.7). In comparison, the
estimated risk for development of breast cancer by age
50 in the general population is one in 50. The median
time to development of breast cancer after supradi-
aphragmatic irradiation was found to be about 15 years
(range 4–20), although considerably shorter in those
treated during childhood. There are no prospective tri-
als of mammography or other screening methods in
women at increased risk of breast cancer after supradi-
aphragmatic irradiation. In the absence of such data,
clinicians have to tailor screening methods and fre-
quency to the risk and the age of the patient at the time
of treatment and the density of the breast tissue at the
time of screening. Magnetic resonance imaging (MRI)
scans may be more sensitive in younger women. Any
method of screening should begin at a younger age
than population screening for sporadic breast cancer.
For those treated under the age of 17 years, screening
from age 25 years is recommended; for those treated
between 17 and 35 years, screening should begin 8 years
after the completion of irradiation9 (Table 76.1). 

The German Hodgkin’s Lymphoma Study Group
also investigated secondary myeloid leukemia and
myelodysplastic syndromes in patients treated for HL.10

Forty-six patients out of a cohort of 5411 developed sec-
ondary acute myeloid leukemia/myelodysplastic syn-
dromes (AML/MDS) after a median observation time of
55 months (1% incidence). Among these 46 patients,
30 had received cyclophosphamide, vincristine, pred-
nisone, procarbazine/doxorubicin, bleomycin, vin-
blastine, dacarbazine (COPP/ABVD) or a similar regi-
men. There was only one patient who received ABVD
alone. There were 11 patients who received Bleomycin,
Etoposide, Doxorubicin, and COPP at standard or esca-
lated doses. AML and MDS can be readily detected with
a routine blood count in most patients. There may be
an advantage to detect MDS early to maximize the

possibility of using allogeneic transplantation for this
otherwise lethal complication. Discovery of cytopenia
in an HL survivor should trigger an aggressive investi-
gation with early examination of bone marrow mor-
phology and cytogenetics.

CARDIAC COMPLICATIONS OF THERAPY
Cardiovascular mortality is the third main cause of
death in patients with HL, after deaths due to HL and
secondary malignancies. The relative risk of cardiac
death is greatest in irradiated children and adolescents
but the absolute risk increases with age at the time of
irradiation. Cardiovascular deaths are mainly due to
coronary artery disease accelerated by radiotherapy.
Increased risks of cardiac events are particularly observed
in patients who have known cardiac risk factors such as
hypertension and hyperlipidemia. The addition of
chemotherapy to radiation treatment does not appear
to increase the coronary disease risk. Other late cardiac
toxicities of radiation and chemotherapy include peri-
cardial disease, cardiomyopathy, valvular defects, and
conduction abnormalities. 

The actuarial risk of developing symptomatic coro-
nary artery disease is estimated to be 6% at 10 years and
10–20% at 20 years.11,12 The actuarial risk of death from
cardiac ischemia is 2–6% at 10 years and 10–12% at
15–25 years. These rates are approximately five times the
rates seen in the general population. In a single-center
experience, 5.5% of 475 patients treated with mantle
radiotherapy had a morbid cardiac event directly related
to coronary artery disease.13 The mean interval from
therapy to cardiac event was 13.1 years (range 4.4–27),
and the mean age at the time of the event was 39.4 years
(range 24–65). The relative risk of cardiac death was 2.8
(3.1 for males and 1.8 for females). Interestingly, in this
group of patients, cardiovascular risk factors were, on
average, higher than in the general population.
Aggressive modification of cardiovascular risk factors
should be an integral part of the follow-up management
of HL survivors who had chest irradiation. The actuarial
risk of other vascular events (e.g., carotid) reaches 7% at
20 years. The actuarial risk of valvular heart disease is
about 5–6% with 20 years of follow-up, and the clini-
cians must stay alert to these complications.

THYROID AND GONADAL DYSFUNCTION
Subclinical and clinical thyroid disease is common
after treatment of HL. In a series of 151 patients, 26
cases of subclinical, 12 cases of manifest clinical
hypothyroidism, and 2 cases of hyperthyroidism were
documented.14 Thyroid dysfunction was more fre-
quent in patients who underwent mantle or neck
radiotherapy. Hypothyroidism was often revealed after
the sixth year of follow-up. A high incidence of thy-
roiditis was also reported in this group of patients.
Annual monitoring of thyroid function should be
incorporated in follow-up patients with HL, particu-
larly in those treated with radiation involving neck.
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The impact of therapy on fertility appears to be
diminishing with judicious use of less gonadotoxic
chemotherapeutics.15 In general, patients are advised
to use an effective contraception for 6–12 months
after chemotherapy. After this initial period, there is
no reason to discourage pregnancy in female HL sur-
vivors, since there is no documented negative impact
of pregnancy on their outcome.16,17 In addition, there
appears to be no increase in the rates of stillbirths, low
birth weight, congenital malformations, or early can-
cer development in the offspring of HL survivors.18

QUALITY OF LIFE
A number of studies investigated the health-related
quality of life in long-term survivors of HL. In a study
from Sweden, 121 survivors were compared to a control
group of 236 individuals after a median of 14 years fol-
lowing therapy.19 Although their physical health was
diminished, the overall quality of life was not inferior
in HL patients. The German Hodgkin’s Lymphoma
Study Group obtained a quality-of-life questionnaire
from 1981 patients at a median of 5.3 years after treat-
ment completion.20 Fatigue levels were much higher
compared to the control population, even several years
after completion of therapy. In an early-stage HL study
comparing subtotal nodal radiation to combined modal-
ity therapy (CMT), there was a greater degree of symp-
tom distress, fatigue, and poor quality of life with CMT
at 6 months but the differences were not significant at 1
and 2 year time points.21 Again, fatigue was significantly
higher before therapy and persisted after therapy in
these patients compared to the general population. The
recognition and acknowledgment of this excess fatigue
may be reassuring to the patients and may motivate
them to enter in fatigue reduction programs. 

PATIENT EDUCATION
Probably the most important role of the physicians fol-
lowing patients with HL is the education they provide
regarding recognition of potential medical problems

that may arise. A well-informed patient is more likely
to seek medical attention with new symptoms.
However, patient teaching must be done without caus-
ing excessive alarm or anxiety in the patient and their
family members, and special attention must be paid to
their psychosocial state. Routine physician visits by HL
survivors are probably more valuable for the sense of
comfort they provide to the patients than the detection
of recurrent HL or treatment complications. During
these visits, it is important to review and explain
potential late complications of HL treatment, discuss
the psychosocial impact of their disease, and promote
health maintenance, including smoking cessation, car-
diovascular risk reduction, and self-examination of
skin and breast tissue. Although an occasional patient
will present with asymptomatic physical or laboratory
findings suspicious for recurrence or treatment-related
complication, most of these will be detected in symp-
tomatic patients who return for unscheduled visits.

CONCLUSIONS

Follow-up care of HL survivors is as important as their
initial care, since they are under a constant threat of
competing causes of morbidity and mortality.
Although we know a great deal about relapse patterns
and long-term complications of this disease, it is
important to remember that there are no prospective
data regarding utility of screening methods commonly
used in follow-up. Therefore, all follow-up recommen-
dations are based on clinical judgment and experience
and the care paths of large cancer centers and must be
tailored based on patient characteristics and the treat-
ment given. Ongoing patient education remains an
integral part of long-term follow-up of HL. Trends
toward using minimally toxic and yet very effective
therapy for HL are expected to reduce both recurrences
and treatment complications and make follow-up sim-
pler but not obsolete.
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INTRODUCTION

Hodgkin’s lymphoma can now be cured in more than
80% of patients, irrespective of the anatomical stage of
disease and of its histologic type. In spite of this great
clinical success, some patients continue to experience
either resistant disease or an early or late relapse. The
need for an effective salvage strategy for these patients
has been one of the most important problems to be
addressed in this last decade. High-dose therapy followed
by the autologous stem cell transplantation (ASCT) has
proved to be the most effective therapy of resistant or
relapsing patients.1–22 High-dose chemotherapy, utilized
as conditioning before ASCT, is generally preceded by the
use of conventional-dose salvage chemotherapy regi-
mens aimed at debulking the disease before high-dose
therapy: such salvage chemotherapy is also used for
patients who are not candidates for ASCT (advanced age,
poor performance status (PA), and/or comorbidities).

As a general measure, a complete clinical restaging
should be done in all cases at relapse; a new biopsy for
tissue diagnosis should be done, when appropriate, in
cases experiencing an early relapse, but it is mandatory
in patients with a late relapse. Early relapses or relapses
involving extranodal sites are associated with a worse
outcome compared to late relapses or to recurrences in
a single nodal station.

Several factors must be taken into account in the
choice of a conventional salvage therapy. Because
most of the patients with Hodgkin’s lymphoma receive
as first-line therapy anthracyline-based regimens (ABVD
or ABVD-like regimens), subsequent chemotherapy
should avoid these agents due to the risk of cumulative
cardiac toxicity. In general, drugs with known cross-
resistance with those used in first-line therapy should

be avoided. Lastly, in order to mobilize hematopoietic
progenitor cells, an effective regimen should avoid
drugs that may compromise stem cell mobilization,
such as nitrosourea derivatives or selected alkylating
agents (melphalan, busulphan, and mechlorethamine),
and possibly should include drugs with high mobiliz-
ing capacity, such as cytarabine or gemcitabine.

What follows is a critical review of what has been
achieved, so far, in the salvage therapy of Hodgkin’s
lymphoma, with a brief account of new perspectives in
the therapy of resistant/relapsing patients.

RELAPSES AFTER RADIATION 
THERAPY ALONE

The prognosis of patients with Hodgkin’s lymphoma,
who relapse after being treated with radiotherapy alone,
is generally very good. A number of studies have
reviewed the outcome of conventional-dose salvage ther-
apy in these patients.23–31 These studies have evaluated
potential prognostic factors, including disease character-
istics at diagnosis and at relapse, time to relapse, and type
of salvage chemotherapy. In the studies conducted in
the 1980s, most of the patients relapsing after radia-
tion therapy (RT) alone were treated with MOPP
(mechlorethamine, vincristine, procarbazine, and pred-
nisone) or similar chemotherapies.24 A study from the
Dana-Farber Cancer Institute indicated a 10-year free-
dom from progression (FFP) of 58% and an overall sur-
vival (OS) rate of 62%.28 A similar analysis at Stanford
University showed that the 10-year FFP and OS were
both 57%25; the International Database on Hodgkin’s
lymphoma reported a 10-year OS of 58% for clinical
stage I–II and of 50% for pathological stage I–II patients.29
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The ABVD (adriamycin, bleomycin, vinblastine,
and dacarbazine) regimen was initially introduced as
second-line therapy for patients who had a poor
response to, or relapsed after, irradiation and
MOPP.31 ABVD has subsequently proved to be supe-
rior to MOPP for both early and advanced stage
Hodgkin’s lymphoma and to be less toxic in term of
lower risk of sterility and of subsequent leukemia.32 A
study from the National Cancer Institute of Milan
demonstrated the superiority of ABVD over MOPP,
with a significantly higher FFP (73% vs 42%),
relapse-free survival (RFS) (81% versus 54%), and OS
(80% vs 44%).32 At variance, a study recently pub-
lished from the Dana-Farber Cancer Institute has
shown that the two regimens, MOPP and ABVD, had
similar efficacy in patients with predominantly
early-stage disease at initial RT.33 The median follow-
up was 12 years, and the 10-year FFP and OS were
70% and 89%, respectively; the type of salvage
chemotherapy did not significantly influence FFP or
OS; the only significant predictor for inferior FFP and
OS was age greater than 50 years. The discrepancy
between these two studies can be ascribed to the dif-
ferences in the initial disease presentation. The
results of salvage chemotherapy in more recent
cohorts of patients are notably better33 than those
obtained in the earlier patients; this may be because
patients who were treated in the earlier era were
more likely to have presented with advanced disease
or large mediastinal bulk that by current standards
would have precluded the use of RT alone.34,35

Given the risk of leukemogenesis and of irreversible
gonadal toxicity associated with MOPP chemotherapy,
ABVD should be considered the salvage regimen of
choice after radiation therapy failure36; this particu-
larly applies to the patients given RT alone for prog-
nostically unfavourable early-stage disease.

RECURRENT/RESISTANT DISEASE AFTER
INITIAL CHEMOTHERAPY

The therapeutic options for patients with Hodgkin’s
lymphoma relapsed or refractory to first-line therapy
include conventional-dose salvage chemotherapy,
high-dose therapy followed by ASCT, and/or allo-
geneic stem cell transplant.37–39

The need to find a second-line effective treatment for
Hodgkin’s lymphoma is confined almost entirely to
patients presenting with advanced stage lymphoma;
among these patients, however, the failure to cure is not
evenly distributed across all prognostic subgroups. The
landmark study by the International Prognostic Factors
Project on advanced Hodgkin’s lymphoma has shown
that the risk of resistant/relapsing disease is less than
20% for patients with a prognostic score 0–1 (30% of
total), but that it exceeds 50% for those with four or
more adverse prognostic factors (19% of total).40

The choice of the best salvage approach should rely on
the evaluation of prognostic factors and clinical charac-
teristics of patients with recurrent or resistant disease.
Since 1979, it has been observed that the length of remis-
sion after first-line therapy has a significant effect on the
success of subsequent salvage treatment; thus, failures to
chemotherapy can be classified as primary resistant disease
[complete remission (CR) never achieved], as early relapse
(within 12 months since remission), or as late relapse
(beyond 12 months since remission). In a recent retro-
spective analysis of the German Hodgkin’s Lymphoma
Study Group on 513 patients, no patient with primary
progressive disease, treated with conventional-dose
chemotherapy survived more than 8 years; by contrast,
the projected 20-year survival for patients with early or
late relapse is 11% and 22%, respectively; thus, conven-
tional-dose therapy has virtually no curative potential in
resistant Hodgkin’s lymphoma.41

In relapsing disease (either early or late), the most
compelling evidence for the superiority of high-dose
therapy over conventional-dose salvage therapy is
derived from the British National Lymphoma
Investigational (BNLI) and the European Blood and
Marrow Transplantation (EBMT) groups.42,43 In the
first trial, patients were treated with conventional-dose
mini-BEAM (carmustine, etoposide, cytarabine, and
melphalan) or high-dose BEAM with autologous stem
cell transplant; the actuarial 3-year event-free survival
(EFS) was significantly better in patients who received
high-dose therapy (53% vs 10%).42 In the EBMT trial,
patients who relapsed after chemotherapy were ran-
domly assigned to four cycles of mini-BEAM � dexam-
ethasone (dexa-mini-BEAM) or two cycles of dexa-
mini-BEAM followed by BEAM and ASCT; the final
analysis showed an FFP significantly higher in the
BEAM � ASCT group (55% vs 34%).43 Subsequently,
recent studies with high-dose therapy followed by
ASCT have shown 30–65% long-term disease-free sur-
vival in selected patients with refractory and relapsed
disease.10,19,39,44–49 In addition, the reduction of early
transplant-related mortality from 10–15%, as reported
in earlier studies, to less than 5% in more recent stud-
ies, has led to the widespread acceptance of this proce-
dure. Therefore, there is now a general consensus that
high-dose therapy and ASCT is the treatment of choice
for relapsing or resistant Hodgkin’s lymphoma.39

The role of conventional-dose salvage therapy consists
of achieving the maximum tumor reduction (debulking)
prior to high-dose therapy. In nearly all reported series of
ASCT in relapsed Hodgkin’s lymphoma, patients
received some cytoreductive therapy before high-dose
therapy/ASCT. Patients who relapse after chemotherapy
but not respond to standard-dose salvage chemotherapy
constitute the bulk of long-term survivors in transplanta-
tion studies.6,45 Unfortunately, the design of these studies
does not allow an accurate assessment of the role of
cytoreduction, since many teams use a uniform 
standard-dose salvage chemotherapy followed by 
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high-dose therapy and ASCT. The ability to mobilize
peripheral blood progenitor cells (PBPCs) is a critical
requirement for a pre-ASCT cytoreductive chemotherapy
regimen. The optimal number of CD34� cells/kg needed
for marrow reconstitution is undetermined but many
studies have shown that (2–3) � 106 CD34� cells/kg are
enough to achieve neutrophil and platelet engraftment
and to shorten the length of hospital stay.46

The choice of conventional salvage regimen should
be also based on the evaluation of the potential cumu-
lative risk of cardiac or pulmonary toxicity deriving
from prior exposure to anthracyclines or bleomycin
and on the absence of cross-resistance between the sec-
ond-line drugs and those of first-line regimens (MOPP
and MOPP-like, ABVD or ABVD-like regimens).

Historically, the ABVD regimen was developed
when MOPP chemotherapy represented the standard
first-line therapy for advanced Hodgkin’s lymphoma;
the ABVD combination cured about one fourth of the
patients relapsing or refractory to MOPP.50

In the last two decades, ABVD has been the standard
first-line therapy in advanced Hodgkin’s lymphoma; this
has led to a search of new salvage regimens incorporating
new drugs (Table 77.1). Many second-line standard-dose
therapy regimens have been developed,52,62–65 several of
which include platinum compounds such as cisplatin or
carboplatin. While these regimens produce a fairly good
overall response rate (from 50 to 80%), they are associ-
ated with substantial hematologic and nonhematologic
toxicity, and hospitalization may be required either to
administer the therapy or to manage complications.
Overall response rates higher than 50% have been
reported with the association of carmustine, etoposide,
cytarabine, and melphalan (mini-BEAM)64 and dexam-
ethasone-BEAM (dexa-BEAM).63 Unfortunately, both
these regimens contain a nitrosourea and are poor mobi-

lizers of hematopoietic stem cells. Therefore, new drug
combinations have been evaluated in order to provide
sufficient disease control combined with moderate toxic-
ity, and to allow a good PBPC mobilization for subse-
quent rescue after high-dose therapy. Either the combi-
nation of dexamethasone, cisplatin, and high-dose
cytarabine (DHAP)66 or that of etoposide, high-dose
cytarabine, and cisplatin (ASHAP)62 has proved to have
both characteristics (good efficacy and excellent PBPC-
mobilizing capacity). Other salvage regimens consist of a
backbone of ifosfamide and etoposide, in association
with a platinum derivative. The mitoguazone, ifos-
famide, vinorelbine, and etoposide (MINE) regimen51

was derived from the initial mitoguazone, ifosfamide,
methotrexate, and etoposide (MIME) regimen.67 In the
group d’etude lymphoma (GELA) experience, among
100 patients with untreated relapses or induction fail-
ures, the MINE regimen produced an overall response
rate of 75% (35% of CR); the CR response rate was 92% in
patients with untreated relapses and 53% in those with
induction failures; MINE was myelotoxic but was given
on time at the calculated dose in 80% of patients and
allowed an efficient harvest of PBPC.51

Recently, several variants of the ifosfamide–etoposide
combination have been utilized and all these studies
have confirmed that these drugs are able to produce
good responses and can effectively mobilize hematopoi-
etic progenitor cells into the peripheral blood. Two
courses of VIP (etoposide, ifosfamide, and cisplatin) pro-
tocol52 produced an overall response rate of 67%, while a
combination of etoposide, prednisolone, ifosfamide, and
carboplatin (EPIC)53 produced a response rate of 70%.
Sixty-five consecutive patients, 22 with primary refractory
and 43 with relapsed Hodgkin’s lymphoma, were treated
with two biweekly cycles of ifosfamide, carboplatin, and
etoposide (ICE).54 The response rate was 88% and the
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Table 77.1 Results of conventional salvage chemotherapy for Hodgkin’s lymphoma

Regimen Reference No. of patients CR (%) PR (%) PD (%) TRM (%)

MINE 51 100 35 25 25 2

VIP 52 42 38 29 NA 0

EPIC 53 10 70 NA NA 3

ICE 54 65 26 32 3 0

IV 55 47 45 38 NA 0

IEV 56 11 45 36 NA 0

IEV 57 18 50 NA 50 5

GENC 58 14 14 15 NA 0

GENC 59 23 9 30 56 0

GDP 60 23 17 21 31 0

IGEV 61 17 59 29 12 0

ASHAP 62 56 34 36 16 0

CR, complete remission; PR, partial remission; PD, progressive disease; TRM, therapy-related death; NA: not available.



EFS rate for patients who underwent transplantation was
68%. Predictors for outcome included B symptoms,
extranodal disease, and CR duration of �1 year. High-
dose ifosfamide and vinorelbine produced an overall
response rate of 83%, with 45% complete and 38% par-
tial responses after a median of two cycles55; the main
toxic effect of these regimens was grade III–IV neutrope-
nia, documented in 65% of cycles, with a median dura-
tion of 4–7 days. Almost all these standard-dose regi-
mens were followed by PBPC collection and high-dose
therapy with autologous stem cell rescue; after engraft-
ment many patients received radiotherapy for residual
disease. Of particular interest is the IEV (ifosfamide,
epirubicin, and etoposide) combination57; this regimen
was highly effective in patients relapsing after first sec-
ond-line chemotherapy. Responsive patients were subse-
quently treated with radiotherapy. In these advanced
patients, IEV was able to induce OS, RFS, and FFP of 18,
44, and 22%, respectively.

More recently, gemcitabine, a new pyrimidine
antimetabolite was shown to have remarkable activity
against solid tumors such as those of pancreas, lung, and
bladder and to be active in vitro against leukemia and
lymphoma cell lines.68 When used as a single agent,
gemcitabine is active in Hodgkin’s lymphoma58,59 and in
a variety of histologic subtypes of non-Hodgkin’s lym-
phoma, with a favorable toxicity profile compared with
other cytotoxic agents.56,69 In phase II studies in
relapsed/refractory Hodgkin’s lymphoma the drug was
given on days 1, 8, and 15 at a dose of 1200 mg/m2, with
a schedule every 28 days, for a total of six cycles.59 The
overall response rate was 39%, with 9% CRs. In another
study,58 the overall response rate was 43%, with 14% CR
; the patients who relapsed after a remission longer than
12 months had a better OS rate than those who relapsed
earlier (67% vs 25%). In both studies the major toxicity
was hematologic, with a minority of patients experienc-
ing a grade IV toxicity. In no study did treatment-related
deaths occur. According to these results this drug has
been included in several salvage regimens for
resistant/relapsing Hodgkin’s lymphoma.

The addition of cisplatin to gemcitabine has demon-
strated synergistic activity in vitro and this combination
has become the standard in the treatment of advanced
bladder and non-small cell lung cancer.70 Given the
moderate toxicity observed with these drugs when used
at conventional doses, both have been incorporated
with dexamethasone into the gemcitabine, dexametha-
sone, cisplatin (GDP) regimen.71 The overall response
rate achieved after the GDP regimen is 70%, (17% CRs);
hematologic toxicity was mild (grade III neutropenia:
9%; grade III thrombocytopenia: 13%) and all patients
successfully mobilized PBPC, with a median 10.6 � 106

CD34� cells/kg.60

Gemcitabine has also been associated with ifos-
famide and vinorelbine in the IGEV combination. In
the original experience in 17 heavily pretreated
patients (chemo � radiotherapy), the overall response

rate was 94%61 and the median number of CD34� cells
collected was 10.9 � 106/kg; in about 60% of patients, a
single leukapheretic procedure was able to reach the
number of CD34� cells necessary for the transplantation
procedure. No treatment-related death was observed.
The experience with the IGEV regimen has been widely
confirmed also for its acceptable toxicity.

FUTURE RESEARCH

Among the different experimental strategies in the treat-
ment of Hodgkin’s lymphoma, antibody-based con-
structs have given the most promising results in experi-
mental Hodgkin’s lymphoma models. Early clinical trials
using immunotoxins and, more recently, monoclonal
antibodies (MoAb) have demonstrated some clinical effi-
cacy in patients with refractory Hodgkin’s lymphoma.

Hodgkin’s lymphoma can be a suitable candidate
for MoAb-based therapy because Reed–Sternberg and
Hodgkin’s cells express specific surface antigens such
as CD15, CD25, and CD30. So far, different approaches
to eradicate tumor cells have been utilized using anti-
bodies, including “naked” MoAb, and bispecific con-
structs that activate effectors cells of immune system
against the target cell, immunotoxins that deliver a
toxin linked to a specific antibody into the target cell,
and different radioimmunoconjugates.

MONOCLONAL ANTIBODIES FOR
TREATMENT OF THE LYMPHOCYTE-
PREDOMINANT HISTOLOGY

The anti-CD20 monoclonal antibody rituximab has
demonstrated clinical efficacy in lymphocyte-predom-
inant Hodgkin’s lymphoma (LPHL) where Hodgkin’s
cells express B-cell antigens such as CD20.72 Several
multicenter phase II trials testing rituximab on refrac-
tory patients with LPHL are ongoing. In one study, 11
patients with CD20� Hodgkin’s lymphoma were
treated with rituximab at the standard dose of 375
mg/m2, weekly for 4 weeks; nine patients (82%)
achieved a complete response for which median dura-
tion was 14 months.60 Similar results have been
obtained in a trial involving 22 patients with recurrent
LPHL, with an overall response rate of 100%.73

Treatment with rituximab was less successful in a
series of 22 patients with classical Hodgkin’s lym-
phoma, with an overall response rate of 23% and a
median duration of response shorter than 8 months.74

MONOCLONAL ANTIBODIES FOR
TREATMENT OF CLASSICAL 
HODGKIN’S LYMPHOMA

Among the different target antigens on Reed–Sternberg
cells, CD30 seems to be the most promising, since it is
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expressed at very high levels.75 So far, two anti-CD30
MoAbs have been developed, the humanized SGN-3076

and the fully human MDX-60.77 The SGN-30 chimeric
anti-CD30 antibody has demonstrated antitumor activ-
ity in preclinical models of Hodgkin’s lymphoma and
anaplastic large cell lymphoma. In a phase I single-dose
trial, SGN-30 MoAb showed minimal toxicity with
doses from 1 to 15 mg/kg, and antitumor activity was
documented in 15% of patients (2 of 13). In a phase I/II
dose-escalation study of 6 weekly infusions of SGN-30
at doses of 2, 4, 8, and 12 mg/kg, the MOAb was very
well tolerated up to 8 mg/kg, and it was associated with
a moderate activity.78

MDX-060 is a fully human IgG MoAb that recog-
nizes CD30 and mediates killing of Reed–Sternberg
cells in vitro and in xenograft tumor models. In a
phase I/II dose-escalation study in patients with
relapsed or refractory Hodgkin’s lymphoma and other
CD30� lymphomas, MDX-060 was administered intra-
venously at dose levels of 0.1, 1, 5, 10, or 15 mg/kg,
weekly for 4 weeks, with no dose-limiting toxicity.
While the efficacy assessment has not been completed

chemotherapy and autologous bone marrow transplan-
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85 patients with analysis of prognostic factors. Blood
85:1381, 1995.
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yet in all patients, preliminary results indicate that
MDX-060 is well tolerated and has a clinical activity.79

Currently, humanized as well as fully human anti-
CD30 MoAbs are being tested in clinical phase I/II
studies. These MoAbs could engage the human
immune system against Hodgkin’s lymphoma and are
capable of inducing apoptosis of Hodgkin’s and
Reed–Sternberg cells. In addition, these MoAbs could
be combined with conventional chemotherapy and
further improve the therapy of Hodgkin’s lymphoma.

SUMMARY

It is more and more difficult to test new agents since
Hodgkin’s lymphoma is often cured by conventional
and/or high-dose therapy.80 Nevertheless patients
experiencing tumor refractoriness or early/late relapse
must be able to receive effective procedures for a sec-
ond remission of the disease. Clinical investigators
must continue to work together to harness the objec-
tive to cure all patients with Hodgkin’s lymphoma.
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INTRODUCTION

Patients with Hodgkin’s lymphoma and aggressive
non-Hodgkin’s lymphoma (NHL) have a relatively
high cure rate compared with patients with other
hematologic malignancies. Despite these cures, lym-
phoma survivors continue to have a higher mortality
rate than age- and gender-matched peers who have
not had the disease. Much of this excess mortality is
from second malignancies, which are now recognized
as a direct consequence of curative chemotherapy
and radiation therapy, and frequently have a poor
prognosis. Figure 78.1 shows the cumulative inci-
dence of observed second tumors in a cohort of sur-
vivors of Hodgkin’s disease and expected tumors in a
matched population. Even more than 30 years after
diagnosis, patients cured of Hodgkin’s lymphoma
experience elevated risks of second cancers. In one
study, the relative risk of death from second malig-
nancy was 5.1 compared with age-matched controls.1

The recent appreciation of these often-fatal late
effects of treatment has focused efforts in both
screening and prevention.

SOLID TUMORS: INCIDENCE AND 
RISK FACTORS

The risk of solid tumors after treatment of lymphoma
is most established in Hodgkin’s lymphoma. However,
as therapies for NHL improve and result in more sur-
vivors, it is expected that risks and risk factors for the
development of solid tumors in this setting will be
similar to those in Hodgkin’s lymphoma. In the mod-
ern Hodgkin’s lymphoma therapeutic era (post-
mechlorethamine), lung and breast cancer, often
appearing 15 or more years after completion of lym-
phoma therapy, have emerged as the most significant
subtypes of second malignancy, accounting for the
majority of cases.2 Table 78.1 shows the types of solid
tumors observed in a cohort of patients treated for
Hodgkin’s lymphoma at a single institution, repre-
sentative of published experiences.

A recent study analyzed data from 32,591 patients
with Hodgkin’s lymphoma reported to 16 registries in
North America and Europe.3 Importantly, this included
1111 25-year survivors. In this series, there were 1726
solid tumors, with cancers of the lung, digestive tract, and

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 
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breast the most common. After a progressive rise in rela-
tive risk of all solid tumors over time, there was an appar-
ent downturn in risk at 25 years, emphasizing the impor-
tance of long-term surveillance in this population.

Radiation therapy is the most significant risk factor for
developing solid tumors after lymphoma, with the major-
ity of second cancers arising either within or at the edges
of radiation fields. In the aforementioned series, temporal
trends and treatment group distribution for cancers of the
esophagus, stomach, rectum, breast, bladder, and thyroid
all suggested a radiogenic effect. Three case–control stud-
ies have carefully evaluated the dose–response relation-
ship between exposure to radiation therapies and the
development of breast cancer and lung cancer, and
demonstrated a significant trend of increasing risk of
tumor development with increasing radiation dose.4–6

The contribution of chemotherapy alone to the risk
of solid tumor development is less clear. In a cohort of
patients with Hodgkin’s lymphoma from the British
Lymphoma Investigation Group, 31% of the popula-
tion was treated with chemotherapy alone (predomi-
nantly with alkylating agents), and the relative risks of
developing lung cancer after radiation therapy alone or
chemotherapy alone were both significantly increased
at 2.9 and 3.3, respectively.7 A nested case–control study
of lung cancer after Hodgkin’s lymphoma was subse-
quently performed, comparing 88 cases of lung cancer
with 176 matched controls.8 Patients with a history of
mechlorethamine treatment were at a significantly
higher risk of developing lung cancer (RR 
 1.69).

Two case-control studies on breast cancer after
Hodgkin’s lymphoma, however, showed a significantly

decreased risk of breast cancer after alkylating
chemotherapy exposure.4,5 The relationship was dose
related, with decreasing breast cancer risk with addi-
tional cycles of chemotherapy. Other data suggest the
risk of breast cancer is significantly reduced in women
who had premature menopause: the younger the age at
menopause, the lower the risk of breast cancer.4 These
studies do report that the radiation-related risk of breast
cancer, however, does not diminish in the longest follow-
up, again suggesting a need for lifetime surveillance and
programs of patient and physician awareness.
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Table 78.1 Tumor-type distribution of the 142 solid
tumors observed in 1319 patients treated for Hodgkin’s
disease at the Joint Center for Radiation Therapy at a
median of 12 years of follow-up

Solid tumor type (N = 142) N (%)
Breast 39 (27)

Lung 27 (19)

Gastrointestinal 25 (18)

Sarcoma 12 (8)

Genitourinary 12 (8)

Head and neck 9 (6)

Melanoma 8 (6)

Thyroid 5 (4)

Gynecologic 4 (3)

Central nervous system 1 (1)

Figure 78.1 Cumulative incidence of second tumors among patients with Hodgkin’s lymphoma (N 
 1319) treated at the
Joint Center for Radiation Therapy, and the expected cumulative incidence of tumors among a matched population
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Reports on the relationship between age at diagnosis
and treatment of lymphoma and risk of second malig-
nancy are conflicting. One consistent finding, how-
ever, is the increased risk of breast cancer for females
treated for Hodgkin’s lymphoma at a young age.2,4 The
cutoff age ranges from 25 to 35, beyond which the risk
of breast cancer appeared to be no longer significantly
increased. A cohort of 1380 children with Hodgkin’s
lymphoma (median age of diagnosis was 11) was fol-
lowed for a median of 17 years by the Late Effects Study
Group.9 Two hundred twelve second cancers occurred
in this group of patients, with breast cancer the most
common malignancy. The cumulative incidence of sec-
ond malignancy was 26% at 20 years. Risk factors for
solid tumors clearly included young age at lymphoma
diagnosis, and radiation-based therapy.

Several case–control studies have evaluated tobacco
use as an additional risk factor for developing secondary
neoplasms after therapy for lymphoma.6,8 In one study,
in which the smoking history was known in 90% of the
patient population, patients who smoked more than 10
pack-years after the diagnosis of Hodgkin’s lymphoma
were at a sixfold increased risk for lung cancer com-
pared to those with a less than one pack-year history of
smoking.10 The multiplicative effect between smoking
and lymphoma therapy exposure is well described:
patients who received both radiation therapy and alky-
lating agents were at a sevenfold increased risk of lung
cancer; this risk increased to 49-fold in the setting of a
greater than 10-year history of tobacco use.6

AND ACUTE MYELOID LEUKEMIA (AML):
INCIDENCE AND RISK FACTORS

Historically, myelodysplastic syndrome (MDS) and
secondary acute myelogenous leukemia have been
recognized as significant complications of alkylating-
agent-based chemotherapy for both indolent NHL and
Hodgkin’s lymphoma.11,12 Topoisomerase inhibitors13

and purine analogs14 also clearly contribute to the risk
of AML and MDS. With the recent introduction of
alternative chemotherapy and immunotherapeutic
modalities, autologous stem cell transplantation
(ASCT) and radioimmunotherapy represent the lym-
phoma treatment modalities with the highest risk of
developing MDS. In fact, MDS and AML have emerged
as the major late complications of ASCT in patients
with lymphoma.15 In this setting, these disorders have
an exceedingly poor prognosis, and represent the
leading cause of non-disease-related death in sur-
vivors of ASCT for lymphoma.

The true incidence of MDS after nonmyeloablative
radioimmunotherapy with either iodine-131 tositu-
momab16 (Bexxar, GlaxoSmithKline, Philadelphia, and
Corixa, Seattle) or Y-90 ibritumomab tiuxetan17 (Zevalin,
BiogenIdec, Cambridge) remains to be defined. In an

analysis of 773 patients treated with I-131 tositumomab,
21 patients have developed MDS thus far, with an
annualized incidence of 1.45%/year, which compares
favorably to patients treated with alkylating agent
chemotherapy.18 The incidence of MDS after Y-90 ibri-
tumomab tiuxetan appears to be similar. However,
long-term follow-up of large cohorts of patients is
clearly required to definitively determine the incidence
of this fatal complication in the modern treatment era
of indolent lymphoma, and the degree to which
radioimmunotherapy contributes to this risk.

There is a substantially greater understanding of clin-
ical risk factors for subsequent development of MDS
after ASCT for lymphoma. It is expected that these risk
factors may be similar in patients treated with radioim-
munotherapy. Acknowledging differences in methods
used to identify cases and to estimate the cumulative
incidence over time, up to 10% of NHL patients treated
with ASCT may develop secondary MDS within 10 years
of primary therapy.19 The majority of published studies
are single-institution experiences. Important considera-
tions in the interpretation of these studies are length
and quality of patient follow-up, definition of MDS, and
uniformity of treatment regimens. As expected, risk fac-
tors may differ between studies; however, the incidence
over time in most studies is strikingly similar. Unlike sec-
ondary MDS from chemotherapy alone, the incidence
post-ASCT appears to remain stable over time, without
evidence of a plateau on the Kaplan–Meier curve.20

A representative series from the Dana-Farber Cancer
Institute evaluated the risks and outcome of MDS in 552
patients with NHL receiving a standard conditioning reg-
imen of 1200–1400 cGy total body irradiation (TBI) and
cyclophosphamide, followed by monoclonal-antibody-
purged ASCT with marrow as graft source. In this series,
41 patients developed MDS, strictly defined, a median of
47 months (range 12–129) from ASCT.21 At the time of
diagnosis of MDS, 29 patients were in remission and 12
patients had relapsed with NHL; the majority of these
patients had not received further cytotoxic therapy since
transplant. The absolute risk of developing MDS after
ASCT for NHL was 7.4%. The cumulative risk of develop-
ment of MDS was 14.5% at 10 years posttransplant.22 In
a logistic regression model, low number of stem cells
infused per kilogram and prior localized irradiation were
the only significant predictors of developing MDS.

The specific role of TBI conditioning in the develop-
ment of MDS has been assessed by several other studies.
Almost 5000 patients with lymphoma have undergone
ASCT in the European Bone Marrow Transplant
Registry, with 68 patients developing MDS.23 This inci-
dence is lower than other series, perhaps as a conse-
quence of underreporting of this complication. The
median follow-up from the date of transplant was 6.7
years for patients who developed MDS, but only 2.9
years for the patients without MDS. Multivariate analy-
sis revealed age at transplant, exposure to TBI in condi-
tioning, long interval between diagnosis of lymphoma
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and transplant, and indolent histology as independent
variables predicting for subsequent MDS. For patients
with Hodgkin’s lymphoma, female gender was identi-
fied as a risk factor. The amount of previous
chemotherapy, including cumulative alkylating agent
exposure, was not found to be a significant factor.

In a case–control study of 56 patients with
MDS/AML after ASCT for lymphoma, and 168 matched
controls who also underwent ASCT for lymphoma but
did not develop MDS/AML, the separate contributions
of pretransplantation and transplantation-related ther-
apy were assessed.24 The intensity of pretransplant
therapy did contribute to the risk of developing MDS.
Transplant factors, including high-dose TBI, and
peripheral blood stem cells as graft source also
appeared to contribute to the risk of MDS.

It is therefore not possible to establish whether the
increased risk of MDS in patients with lymphoma is truly
a disease-related phenomenon, or secondary to other fac-

tors such as a tendency to use more TBI for conditioning,
or exposure to high doses of alkylating agents pretrans-
plant. The risk of MDS following ASCT for multiple
myeloma25, breast cancer,26,27 and germ cell tumors28

appears to be less than that in similar populations of
patients with NHL following ASCT. Reported risks of
developing MDS after autotransplantation for Hodgkin’s
lymphoma are varied, with some studies suggesting a
lower risk than in similar patients with NHL following
ASCT,29–31 and others reporting a similarly high risk.32

Confounding most of the studies of Hodgkin’s lym-
phoma is the use of mechlorethamine prior to transplan-
tation, which may have a more profound effect on the
development of MDS than the transplant itself has.24,31

Standard, modern regimens for Hodgkin’s lymphoma
clearly have significantly less risk. Between 1981 and
1998, the German Hodgkin Study Group treated 5411
patients,33 of whom only 46 patients developed
MDS/AML at a median follow-up of 55 months. Similar

Table 78.2: MDS/AML after ASCT for NHL and HL

Institution Diagnosis Incidence Median follow-upa Risk factors

Dana-Farber21 NHL 41/552 75 months Prior XRT
Low no. of cells infused

St. Bartholomew’s34 NHL 27/330 72 months Older patient age
Prior fludarabine

City of Hope13 NHL and HL  22/612 Not reported Etoposide mobilization
Prior XRT

Minnesota35 NHL and HL 10/258 37 months PBSCT
Age � 35

Nebraska36 NHL and HL 12/511 Not reported Age � 40
TBI conditioning

MD Anderson37 NHL 22/493 21 months TBI conditioning
Prior fludarabine

Beth Israel/Brigham38 NHL and HL 6/300 47 months Prior XRT
Number of prior relapses

Copenhagen32 NHL and HL 6/76 Not reported Prior chemotherapy

Registry studies

EBMT23 NHL and HL 66/4998 80 months (MDS) Older patient age
34 months (non-MDS) TBI conditioning

Indolent histology
Prolonged interval pre-ASCT

Spanish Cooperative Group39 HL 12/494 30 months Prior XRT
TBI conditioning
Age � 40

French Cooperative Group30 HL 8/467 21 months Splenectomy
PBSCT

Abbreviations: XRT: localized radiotherapy; PBSCT: peripheral blood stem cell transplantation; TBI: total body irradiation; NHL: non-Hodgkin’s
lymphoma; HL, Hodgkin’s lymphoma; EBMT. European Group for Blood and Marrow Transplantation.



to transplant patients, the prognosis of these patients was
poor, with only four patients surviving.

Table 78.2 summarizes several experiences of
MDS/AML after ASCT. In summary, the reported
cumulative risk of MDS exceeds 10% in several series
of patients undergoing autotransplantation for NHL,
and is somewhat lower after transplantation for other
histologies. Older patients with extensive prior
chemotherapy, patients receiving localized radiother-
apy, and those receiving TBI conditioning appear to be
at the highest risk for this complication.

DETECTION OF SECOND MALIGNANCIES: 
STRATEGIES FOR SCREENING

The only screening test for early detection of secondary
malignancies that has demonstrated benefit is mam-
mography to detect breast cancer. In one study, 81% of
37 women with breast cancer after Hodgkin’s lym-
phoma had mammographic abnormalities of a mass
and/or microcalcifications.41 Diller et al. reported a high
frequency of mammographically detected abnormali-
ties, supporting the value of mammographic screening
in 90 patients prospectively evaluated following treat-
ment for Hodgkin’s lymphoma.42 During the study
period, 10 women developed 12 breast cancers, all of
which were evident on mammogram. The role of other
breast imaging modalities, including magnetic reso-
nance imaging43,44 and FDG-PET,45 have not been
prospectively evaluated in women following treatment
for lymphoma. Moreover, the effectiveness of tamoxifen
or raloxifene as chemoprevention, although demon-
strated in other high-risk patients,46 is unclear in
patients treated for lymphoma. It is probably reasonable
to avoid estrogen replacement therapy in these women.
At the present time, we recommend annual mammogra-
phy beginning 7 years after completion of radiation
therapy (in a field that includes the breast) for lym-
phoma. For women treated before age 20, screening
should probably not begin until the patient reaches age
25.47 We anticipate, however, that additional recom-
mendations for chemoprevention or more elaborate
screening algorithms may evolve over the next few
years, as current trials mature.

Despite the prevalence of lung cancer after lym-
phoma therapy, there is no clear role for prospective
imaging as screening. The role of chest CT as screen-
ing is currently being studied in a prospective ran-
domized trial in other high-risk groups,48 but sur-
vivors of lymphoma are not included in the study.
There are no clear data suggesting a benefit to regular
imaging. However, there should be a low threshold to
image the chest for any signs or symptoms that could
represent a thoracic malignancy. Given the clear
increased risk of secondary malignancies in patients
who smoke, we recommend counseling against
tobacco use.

PREVENTION: TREATMENT REDUCTION

As outlined, the risk of both MDS/AML and solid tumors
after lymphoma therapy is directly related to the cumula-
tive treatment exposure, of both chemotherapy and radi-
ation. A number of ongoing multi-institutional random-
ized trials are investigating different ways to reduce
treatment for favorable prognosis Hodgkin’s lymphoma,
including the omission of radiation therapy, and the
adoption of response-based therapy. However, longer fol-
low-up time of these prospective randomized trials is
needed to confirm to what degree the treatment reduc-
tions will translate into lower risk of second malignancy,
and whether there is any trade-off with respect to failure-
free survival. Even outside of a clinical trial, exposure to
known stem cell toxins, including prolonged exposure to
alkylating agents, purine analogs, and topoisomerase-II
inhibitors, should be limited as much as possible in
patients in whom ASCT or radioimmunotherapy may be
considered as a treatment option. The introduction of
novel biological treatment options for lymphoma,
including monoclonal antibody therapy, proteosome
inhibitors, and antisense therapy, may allow future mini-
mization of such toxic therapies in many circumstances.

Clonal hematopoiesis pretransplant appears to
increase the risk of subsequent MDS. There are at least
five methods for assessing this risk, based on the pres-
ence of clonal abnormalities in hematopoietic cells,
including standard cytogenetics, interphase fluores-
cence in situ hybridization, analysis for loss of het-
erozygosity, polymerase chain reaction for point muta-
tions, and X-inactivation-based clonality assays.49

Abnormalities in one of these assessments pretrans-
plant, or before radioimmunotherapy, may represent
relative contraindications to transplant. However,
since no single mutation or gene rearrangement is suf-
ficient for the development of MDS after transplant,
and not all patients with cytogenetic abnormalities
develop clinical MDS, these are imperfect assessments.
The optimal “screening” modality has yet to be deter-
mined, and prospective studies are ongoing. However,
most advocate serious consideration to deferring both
radioimmunotherapy and autologous transplant in
patients with clonal cytogenetic abnormalities.

Finally, to minimize the development of MDS after
ASCT, chemotherapy-only conditioning regimens
have similar response rates to TBI-containing regimens
in most subtypes of NHL,38,50 and may decrease risk of
MDS, particularly for those patients treated with local-
ized radiotherapy.51,52

CONCLUSIONS

Second malignancies have clearly evolved to be impor-
tant causes of mortality in patients with curable lym-
phomas. As cure rates increase, and the cohort of
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patients treated with aggressive autologous transplan-
tation and novel radioimmunotherapy approaches
grows, it is anticipated that the incidence of second
cancers will increase significantly. Perhaps most con-
cerning is the lack of an apparent plateau in the inci-
dence curve, even 20–30 years after diagnosis of lym-
phoma.53 For this reason, we feel it is critical that
patients cured of lymphoma remain under care of
medical and radiation oncologists attuned to these

risks, and undergo at least annual history and physical
examinations, with appropriate screening tests for sec-
ond cancers. Future emphasis needs to continue on
minimizing toxic therapy to prevent this devastating
cost of cure.
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79Chapter 79
THE APPROPRIATE USE OF PET
AND GALLIUM SCANS IN 
LYMPHOMA
Rebecca Elstrom 

INRODUCTION

Radiologic imaging plays a critical role in the staging
and follow-up of patients with lymphoma. The initial
stage of disease helps to define appropriate therapeu-
tic interventions, and the extent and location of dis-
ease have traditionally been established through the
use of anatomic imaging, in addition to physical
examination and bone marrow biopsy. Furthermore,
as different patients show varying degrees of respon-
siveness to standard chemotherapy, imaging studies
can help determine whether an individual patient is
responding appropriately to therapy, and therefore
whether continuation of that therapy is warranted.
Finally, after completion of treatment, patients are fol-
lowed for evidence of relapse or progression of disease
through a combination of imaging and clinical 
follow-up. These studies help to establish the status of
disease and therefore the appropriate intervention or
observation.

Anatomic imaging, such as computed tomography
(CT) and magnetic resonance imaging (MRI) have been
used extensively in patients with lymphoma. However,
these modalities are limited by their dependence on size
abnormalities in defining areas of tumor involvement.
This limitation renders anatomic imaging suboptimal
for detecting small foci of disease or for differentiation
of viable tumor from fibrosis in a residual mass follow-
ing treatment.

Functional imaging modalities, in contrast to
anatomic imaging, take advantage of cellular processes
to identify tissues of interest. Two such functional
imaging modalities, Gallium-67 (Ga-67) scintigraphy
and positron emission tomography using 18-fluoro-2-
deoxyglucose (FDG-PET), utilize tracers that are taken
up via metabolic pathways, therefore resulting in
enhancement of highly metabolic tissues, such as
tumor foci. This characteristic allows identification of
tumor sites based on cellular metabolic activity rather

than anatomic abnormalities, permitting detection of
small foci of disease or differentiation of tumor from
fibrosis. Both Ga-67 scintigraphy and FDG-PET have
shown advantages in defining active lymphoma over
classical imaging alone. However, the greater technical
ease and apparent improved accuracy of FDG-PET
imaging are contributing to its increasing acceptance
as the functional imaging modality of choice in the
care of lymphoma patients.

GALLIUM-67 SCINTIGRAPHY

Gallium-67 citrate has been used since the 1970s for
imaging of lymphoma and other tumors. Many malig-
nant cells, including some lymphomas, take up large
amounts of iron for use as a cofactor for ribonu-
cleotide reductase, a key enzyme in DNA synthesis.
Many malignant cells overexpress the transferrin
receptor,1–3 facilitating uptake of iron bound to trans-
ferrin. Gallium-bound transferrin binds the transfer-
rin receptor and is therefore taken up into cells in a
manner similar to iron. Ga-67 is administered intra-
venously and, following a distribution period of 1–2
days, can be imaged, with the best sensitivity and
accuracy demonstrated by single photon emission
computed tomography (SPECT).4,5

Using Ga-67 SPECT and higher doses of tracer, Ga-67
scintigraphy has been studied in staging and in follow-
up of patients with lymphoma. It was found to be
beneficial following treatment for restaging and detec-
tion of recurrence.6,7 Different lymphoma grades and
histologies have variable rates of detection, however.
For example, while Ga-67 was sensitive and accurate
in restaging of aggressive lymphomas, it was inade-
quate for detection of indolent lymphomas, and did
not predict Richter’s transformation in chronic lym-
phocytic leukemia (CLL).8 Baseline scanning is there-
fore critical to establish the utility of this modality in
individual tumors.
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In recent years, the emergence of FDG-PET has led
investigators to compare the utility of these two
imaging modalities in the evaluation of lymphoma.
In both Hodgkin’s lymphoma (HL) and non-
Hodgkin’s lymphoma (NHL), FDG-PET shows higher
sensitivity for staging and follow-up after treat-
ment.9–11 In addition, FDG-PET detects indolent lym-
phomas with better accuracy than does Ga-67
scintigraphy. These findings, combined with a
shorter half-life of FDG and more convenient imag-
ing characteristics, have led to FDG-PET largely
replacing Ga-67 scintigraphy where FDG-PET is
available.

18-FLUORO-2-DEOXYGLUCOSE POSITRON
EMISSION TOMOGRAPHY (FDG-PET)

It has been known for decades that cancer cells have
altered metabolism relative to normal cells. In the
1920s, Warburg first described the fact that cancer cells
take up large amounts of glucose, performing glycoly-
sis at an elevated rate even in the presence of oxygen.12

Warburg hypothesized that this high rate of aerobic
glycolysis was a result of dysfunctional mitochondrial
electron transport, decreased production of ATP via
oxidative metabolism, and a compensatory increase in
ATP production by glycolysis. Others have proposed
that the increased glucose uptake and glycolysis seen
in cancer cells may be a primary effect, with subse-
quent suppression of oxidative phosphorylation.
Whatever the mechanism, many cancer cells, includ-
ing most lymphomas, take up excess amounts of glu-
cose. It is this increased glucose uptake that targets
FDG to cancer cells and is the basis of FDG-PET imag-
ing of cancer.

18-Fluoro-2-deoxyglucose is a labeled glucose ana-
log that is taken up by cells in a manner and at a rate
similar to glucose. Upon entry into the cell, the mole-
cule is phosphorylated by hexokinase, therefore trap-
ping it inside the cell. While glucose is subsequently
metabolized via glycolysis, the 2-deoxyglucose analog
cannot be further metabolized, resulting in accumula-
tion of the labeled, phosphorylated molecule within
highly metabolic tissues. The label can then be
detected by PET.

While FDG-PET is increasingly used in the care of
patients with cancer, the optimal role for this imaging
modality is still under investigation. The following
sections review the status of FDG-PET imaging in
detection and initial staging, response assessment, and
follow-up of patients with lymphoma.

DETECTION
The ability of FDG-PET to image lymphomas depends
on the tumor’s characteristic of high glucose uptake.
However, the mechanisms by which this excess glucose
uptake occurs, though currently under investigation,

are still not completely understood. While this
increased glucose uptake could act as a compensatory
mechanism for highly anabolic cells to obtain building
blocks for growth and proliferation, an alternative pos-
sibility is that high glucose uptake is a fundamental
property of malignant cells. In the former case, one
would expect that FDG avidity would depend on
tumor grade, while in the latter case, the avidity may
be independent of grade. Several groups have investi-
gated different subtypes of lymphoma in an attempt
to define which of these may be reliably imaged by
FDG-PET.

Varying results have been reported regarding the
utility of FDG-PET in imaging indolent tumors.
Leskinen-Kallio and colleagues, in an early study
examining FDG uptake in NHL, found poor uptake in
indolent tumors.13 In contrast, Newman et al.
described comparable FDG uptake by both low- and
intermediate-grade tumors.14

To evaluate this issue more decisively, investigators
have studied the utility of FDG-PET in specific histo-
logic subtypes of lymphoma. Elstrom and colleagues
systematically evaluated specific World Health
Organization (WHO) subtypes for their detectability
by FDG-PET.15 While 93% of lymphoma patients over-
all had tumor detectable by PET, those tumors that
were not reliably detected fell within specific WHO
subtypes, including marginal zone lymphoma (MZL),
peripheral T-cell lymphoma (PTCL), and cutaneous
B-cell lymphoma (CBCL). One limitation of this study
was poor representation of some histologic subtypes,
such as small lymphocytic lymphoma (SLL). Jerusalem
et al. investigated FDG-PET in indolent lymphomas
and found that it has poor sensitivity in imaging SLL.16

Follicular lymphoma (FL), in contrast, including grade
1 tumors, was nearly uniformly detected in both of the
above studies. These results suggest that tumor grade is
not the most important predictor of FDG avidity, but
rather that this avidity is based on other, as yet poorly
defined, biological characteristics of the tumor.

Hoffmann and colleagues have further explored the
situations in which FDG-PET imaging is useful in lym-
phoma. In one study they showed that, while 5 of 6
nodal MZLs were detected by FDG-PET, none of 14
extranodal MZL evaluated showed FDG avidity.17 In
another study, an evaluation of eight cases of duode-
nal FL, a rare manifestation of this tumor, showed that
none of these lymphomas could be imaged by FDG-
PET.18 Of note, the one FL not detected by FDG-PET in
the study by Elstrom et al. was an intestinal tumor.
This raises the possibility that, even within broad
WHO subtypes, subtle biological differences may
define different imaging characteristics.

In summary, FDG-PET reliably detects most lym-
phomas. In the case of the most common aggressive
NHL and HL, FDG-PET imaging represents an accu-
rate assessment of disease activity. In these cases,
FDG-PET can likely be used in follow-up of patients
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even without a baseline scan to document utility.
However, in some tumors, particularly SLL, extran-
odal MZL, and intestinal FL, FDG avidity should be
documented prior to therapy if the clinician plans to
use this imaging modality for follow-up. Further
studies of these issues will further clarify the general-
izability of these findings.

STAGING
Initial staging of disease presents a critical issue in the
care of lymphoma patients, affecting prognosis and
choice of therapy. Studies investigating the utility of
FDG-PET in lymphoma have shown promising results
for improving the accuracy of staging in these
patients. Several groups have compared FDG-PET with
traditional staging studies, such as CT, MRI, and bone
marrow biopsy, in detecting specific sites of disease. In

general, these investigators report improved sensitivity
and specificity using FDG-PET as compared to
anatomic imaging studies in both NHL and HL. The
results of selected studies are presented in Table 79.1.

In addition to anatomic imaging, evaluation of
bone marrow involvement represents a critical issue in
staging of lymphoma. Investigations of the ability of
FDG-PET to accurately stage bone marrow involve-
ment by lymphoma have yielded conflicting results.
Some have shown improved detection of bone marrow
disease by PET, particularly in cases of patchy bone
marrow involvement.25 Others, however, demonstrate
poor sensitivity and specificity, with a significant inci-
dence of both false-negative FDG-PET, especially in
indolent lymphomas, and false-positive FDG-PET,
often in the setting of B symptoms and benign bone
marrow hyperplasia.15,26,27 At this point, FDG-PET is

Table 79.1 FDG-PET versus conventional imaging modalities (CIM) in staging lymphoma

Studies Histology Patients Major findings Comments

Naumann et al.19 HL 88 PET PET is especially 
Stage change in 20% useful in early stage
Intensification of 
treatment in 10%

Partridge et al.20 HL 44 PET
41% upstaged
7% downstaged
Treatment
modification in 25%

Jerusalem et al.21 HL 33 PET No changes in 
12% downstaged treatment based on 
1 false negative PET
9% upstaged

Moog et al.22 HL, NHL 81 PET
extranodal Identified 24 lesions 

not identified by CIM
1 false positive
Change of stage in 
13

Hueltenschmidt et al.23 HL 25 PET
28% downstaged
12% upstaged

Accuracy
96% PET
56% CIM

Delbeke et al.24 HL, NHL 45 PET PET and CIM are 
16% stage change complementary
13% Treatment change

CIM
7% stage change

Accuracy
91% PET

84% CIM



best used as a complementary study in evaluating
bone marrow involvement, ideally with follow-up
biopsy of any focal areas of uptake in the setting of a
negative iliac crest biopsy.

A recurring difficulty in addressing the question of
FDG-PET accuracy in staging is the lack of a clear gold
standard. In most cases, systematic biopsy of question-
able lesions is impractical, and therefore the true result
is often defined by the clinical scenario or follow-up.
In spite of this limitation, however, studies have
repeatedly shown improved staging information with
the addition of FDG-PET.

In summary, FDG-PET scanning at initial staging
can add valuable information for the clinician. First, a
pretreatment FDG-PET scan documents the FDG avid-
ity of a patient’s lymphoma, confirming the utility of
this modality in follow-up. In addition, PET can refine
staging results of anatomic imaging by upstaging
through detection of small lesions or diffuse organ
involvement. Alternatively, PET may identify patients
with a lower stage than suggested by anatomic imag-
ing. However, it is clear that FDG-PET can in some
cases show both false-positive and false-negative
results. Therefore, discrepancies in staging must be
interpreted carefully. In cases of uncertainty, question-
able lesions should be biopsied if possible, particularly
in cases in which treatment would be altered.

RESPONSE ASSESSMENT
Response assessment following treatment for lym-
phoma provides an assessment of the adequacy of
response to therapy and can help determine progno-
sis and the need for further therapy. Since patients
who have not achieved a complete response to treat-
ment have a poorer overall prognosis, identification
of these patients early in the course of therapy may
allow rapid institution of second-line therapy and,
ideally, improve outcome. Unfortunately, traditional
restaging modalities present pitfalls which can make
accurate assessment of disease status difficult. For
example, many patients retain residual anatomic
abnormalities at sites of initial disease following
treatment. These abnormalities may represent active
lymphoma, but alternatively might represent fibrotic
or necrotic tissue, in the absence of active disease.
Distinguishing between these two scenarios is critical
for deciding on further therapy in those patients for
whom it is required, without subjecting patients for
whom it is unnecessary to the toxicity of further
therapy.

Potentially FDG-PET may accurately assess tumor
response to therapy and therefore guide appropriate
follow-up. Several investigators have studied the prog-
nostic implications of FDG-PET following therapy, and
these studies have provided promising data regarding
the utility of PET in this setting. Zinzani and col-
leagues showed that of 44 NHL and HL patients evalu-
ated, all 13 patients with residual abnormality on

FDG-PET relapsed, whereas only 1 of 24 with complete
resolution of abnormal FDG uptake relapsed.28 Similar
results were found by Mikhaeel et al.,29 who also stud-
ied a combined group of NHL and HL patients. Of 32
patients included in the study, nine had residual FDG
uptake abnormalities following therapy, of which
eight had relapsed at a median follow-up of 38
months. In contrast, only two of 23 patients without
FDG-PET abnormalities relapsed in the same amount
of time. Similarly, Jerusalem and colleagues studied a
combined group of 54 NHL and HL patients,30 show-
ing that all patients with positive FDG-PET scan fol-
lowing first-line treatment relapsed within 1 year,
whereas 86% of those with negative scans remained
disease free at 1 year.

The utility of FDG-PET in predicting outcome fol-
lowing therapy in HL specifically has been investigated
in several studies. Guay et al. studied 48 patients with
HL following chemotherapy.31 Of 12 patients with
residual abnormality on FDG-PET, 11 relapsed, with a
median progression-free interval (PFS) of 79 days. In
contrast, of 36 patients with negative scans, only three
relapsed with a follow-up of 5 years. Spaepen et al. also
studied patients with HL who were followed for a min-
imum of 1 year, and showed that all five with positive
posttherapy scans relapsed, while only five of 55 with
negative scans relapsed.32 In this study, the 2-year PFS
was 91% in patients with a negative follow-up PET
scan and 0% in those with a positive scan. Similar
results were shown in a study by Dittman et al.33 In
contrast, the positive predictive value of FDG-PET was
found to be only 46% in a study by de Wit and col-
leagues,34 with 10 of 22 patients with positive scans
relapsing.

For NHL, FDG-PET has shown similar predictive
capability. Spaepen and colleagues studied a group of
93 patients with NHL with FDG-PET scans following
first-line chemotherapy.35 All 26 patients with a posi-
tive posttherapy PET scan relapsed, with a median PFS
of only 73 days. In contrast, only 11 of 67 patients
with a negative scan relapsed, with a much longer
median PFS of 404 days. Mikhaeel et al. also showed
high predictive power in a group of patients with
aggressive NHL.36 In this group of 45 patients, all nine
with a positive posttreatment FDG-PET scan relapsed,
whereas only six of 36 with negative scans relapsed at
a median follow-up of 30 months. A third study, by
Filmont and colleagues, also demonstrated the predic-
tive power of FDG-PET in the posttreatment setting.37

In this group of patients, the positive predictive power
for relapse following a positive PET scan was 95%,
whereas the negative predictive power was 83%. This
study included a heterogeneous group of patients,
including those undergoing first-line therapy as well as
patients with relapsed disease.

In summary, FDG-PET scanning following therapy
for HL and NHL contributes valuable information
regarding prognosis. It appears to be most useful in
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prediction of early relapse. This is consistent with the
idea that PET scanning reveals residual active disease
and therefore more accurately defines remission status
than traditional restaging techniques. FDG-PET must
be interpreted with caution, however, as nonmalig-
nant processes may also lead to abnormal uptake. On
this note, it is clear that benign thymic uptake may
occur after therapy, particularly in younger patients
with HL. Other inflammatory or infectious processes
may also cause false-positive scans. Because of these
issues, positive FDG-PET scans following treatment
should not be used in isolation to justify further ther-
apy, but rather should be supplemented by clinical
information and further investigation, such as biopsy,
to document residual active disease. Abnormal FDG
uptake in an area not previously known to be involved
by lymphoma should raise particular caution. In con-
trast, a negative FDG-PET scan following therapy in a
patient with known FDG-avid disease provides strong
evidence for a meaningful complete response and
good prognosis.

EARLY RESPONSE EVALUATION
While it is clearly important to accurately assess
response following treatment, an alternative approach
of early evaluation during treatment could potentially
identify patients who are destined to have a poor out-
come with first-line therapy, allowing a change to
more effective therapy while avoiding the toxicity of
an ineffective chemotherapy regimen. Furthermore,
an inadequate early response might predict for those
patients who would benefit from immediate intensifi-
cation of therapy.

The potential of FDG-PET scanning early in treat-
ment to predict the ultimate outcome of that treat-
ment has been investigated in several studies.
Jerusalem et al. studied a group of 28 NHL patients,
performing PET scans during treatment prior to com-
pletion of therapy.38 They found that all patients with
residual FDG uptake either failed to enter complete
remission (CR) or relapsed, while all evaluable patients
with negative scans entered CR. One third of those
with negative scans subsequently relapsed during fol-
low-up. A drawback to this study was inclusion of a
heterogeneous group of patients, including multiple
histologies as well as both front-line and salvage thera-
pies. Furthermore, scans were performed at inconsis-
tent times during treatment, after anywhere from two
to five cycles of therapy. Zijlstra and colleagues evalu-
ated the ability of PET to predict outcome in patients
with aggressive NHL, when performed after 1–2 cycles
of chemotherapy and found that, at 16 months follow-
up, 64% of those with negative early PET remained
free of disease, whereas only 25% of those with posi-
tive scans were disease free at the end of the study.39

Kostakoglu and colleagues evaluated a mixed group of
patients with either HL or NHL who had FDG-PET
scans performed after one cycle of chemotherapy.40

Thirteen of 15 patients with positive scans either did
not enter CR or relapsed following treatment. In con-
trast, only two of 15 with negative scans relapsed.
When compared to posttreatment scans, early FDG-
PET scans showed improved power to predict out-
come, suggesting that early scans could be a more use-
ful approach to response monitoring.

Several caveats to these data must be mentioned.
These studies included heterogeneous groups of
patients with scans performed at varying times during
therapy. Before these findings can be generalized, stud-
ies must be performed in a systematic fashion, using
defined groups of patients and defined imaging proto-
cols. Furthermore, we do not yet know how to apply
this information. Although patients with a positive
early treatment scan appear to have a poorer prognosis
than those with a negative scan, it is unclear whether
changing or intensifying therapy, for example by insti-
tuting early high-dose therapy with stem cell trans-
plant, will improve these patients’ long-term outcome.
At this time, therefore, the use of FDG-PET early in
treatment must be considered investigational.

PROGNOSIS IN STEM CELL TRANSPLANTATION
Autologous stem cell transplantation provides an
opportunity for improved long-term survival or cure
in many patients with relapsed lymphoma.
However, it remains difficult to accurately predict
which patients will benefit from this intensive and
toxic therapy. Several groups have investigated the
potential for FDG-PET performed in the peritrans-
plant setting to predict ultimate outcome.41–44 In
general, these studies have shown that a negative
FDG-PET scan during or after salvage chemotherapy
strongly predicts improved PFS after transplant,
while those patients with a positive FDG-PET scan
prior to transplant are significantly more likely to
relapse early. While the data do not definitively rule
out the benefit of transplantation for those patients
who retain FDG-PET-positive lesions, it may be use-
ful in overall discussions of potential risk and bene-
fit. As more information becomes available regard-
ing this issue, the role of FDG-PET in
pretransplantation evaluation will become clearer.

LIMITATIONS OF FDG-PET
FDG-PET can add valuable information at several
stages of care of lymphoma patients. However, this
modality also has limitations which must be recog-
nized in order to benefit optimally from its use. First,
while the majority of lymphomas are detectable by
FDG-PET scanning, some tumors fail to accumulate
FDG, rendering them silent by this modality. While
the likelihood of FDG avidity can be predicted by his-
tology, exceptions do exist. For example, although the
vast majority of FLs show FDG avidity, intestinal FLs
are much less likely to take up the tracer.18 Because of
these exceptions, at this point, a baseline scan should
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be done in patients for whom FDG-PET will be used in
follow-up.

A second limitation of FDG-PET involves difficulties
of interpretation in areas of high physiologic tracer
accumulation. One major example of this issue is seen
in the urinary tract, as FDG is excreted via the kidneys.
Tumor localized near the kidney, ureter, or bladder
may not be visualized due to masking of FDG accumu-
lation by urinary collecting structures (Figure 79.1).
Alternatively, abnormal accumulations of urine may
be interpreted as tumor mass, for example in the case
of ureter obstruction from a cause unrelated to tumor.
Another anatomic area that may present difficulty in
imaging and interpretation is the cardiac region.
Patients fast for several hours prior to FDG administra-
tion, therefore suppressing insulin levels. This leads to
a conversion from glucose metabolism to fatty acid
metabolism in adaptable tissues such as cardiac muscle,
reducing FDG uptake in these tissues. In up to a third of
cases, however, the heart may still take up significant
amounts of FDG. While the radiologist can usually iden-
tify this uptake as cardiac, it may mask areas of malig-
nancy in the paracardiac mediastinum. These issues
emphasize the importance of concurrent anatomic
imaging for optimal interpretation of FDG-PET.

Inflammatory lesions can on occasion mimic tumor
on FDG-PET. Under most circumstances, inflammation
can be differentiated from malignancy by intensity of
uptake and spatial characteristics. In some cases, how-
ever, inflammatory lesions may masquerade as malig-
nancy. Cases of suspected residual or recurrent tumor

visualized by FDG-PET have been documented to be
infection in multiple instances.45,46 Furthermore,
postradiation inflammation may cause significant FDG
accumulation. While the characteristics of uptake usu-
ally identify the process, the localization to a former
site of tumor involvement can be misleading. Zhuang
and colleagues have suggested that changes in FDG
intensity over time may accurately differentiate tumor
from inflammation, with tumor tissue continuing to
increase in intensity and inflammatory lesions decreas-
ing in intensity over the course of several hours.47

These findings have yet to be confirmed in clinical
practice.

Thymic uptake following chemotherapy, particularly
in young patients with HL, is increasingly recognized as
a possible cause of false-positive FDG-PET scans after
therapy (Figure 79.2).48 In an appropriate clinical set-
ting, the clinician can recognize this phenomenon of
thymic rebound as a benign event unrelated to residual
tumor. However, the location of the thymus in the
mediastinum, an area of frequent lymphomatous
involvement, may at times make this interpretation
problematic. Similarly, bone marrow may show
increased uptake during or following chemotherapy
due to recovery of normal hematopoiesis (Figure 79.3).
Again, the clinical scenario should in most cases make
interpretation of this phenomenon clear-cut.

Figure 79.1 Relapsed large B-cell lymphoma obscured by
ureteral obstruction. A patient with a history of large B-cell
lymphoma underwent FDG-PET scanning in 
follow-up. The intense uptake demonstrated in the right
abdomen was interpreted as ureteral obstruction with no 
evidence of tumor. A CT scan demonstrated a mass 
compressing the ureter, and biopsy confirmed relapse of 
lymphoma

Figure 79.2 Thymic rebound. An FDG-PET scan was per-
formed 9 weeks following completion of therapy in a
patient with Hodgkin’s lymphoma. The mediastinal uptake
is typical of benign thymic hyperplasia, and the patient
remains in a complete remission
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FUTURE DIRECTIONS
The field of functional imaging in the care of lym-
phoma patients is evolving rapidly. FDG-PET scanning
has the potential to contribute to care of lymphoma
patients in many new ways. We must, however, care-
fully and systematically evaluate how best to incorpo-
rate this modality in order to use it optimally. Several
areas of investigation must be pursued for this aim to
be realized.

Many studies have investigated the prognostic
importance and treatment implications for patients
with specific stages of lymphoma. However, these
studies were done using conventional staging tech-
niques. While it is reasonable to imagine that
improved staging would refine our ability to predict
prognosis and appropriately choose treatment, we do
not at this time know how disease detected by FDG-
PET will impact on these factors. For example, will
low-volume disease detected only by PET, changing a
patient’s stage from 2 to 3, portend a worse prognosis?

A critical question for investigation is the appropri-
ate use of FDG-PET scanning in prediction of treat-
ment outcome. Although a positive FDG-PET scan
after therapy completion would appropriately lead to
investigation of the positive lesion and further treat-
ment if confirmed to be active disease, the use of scan-
ning during treatment is less clear. More systematic
studies evaluating the outcome of patients undergoing
FDG-PET scans early in treatment must be performed
to define the role of this strategy in guiding treatment.
Patients with specific histologies should be evaluated
under defined circumstances, at a defined time during

treatment, in order to clarify whether this strategy can
predict outcome with high enough accuracy to guide
treatment changes. Furthermore, we do not know at
this time what constitutes an appropriate treatment
change. It is unclear if switching to another, possibly
more intensive, treatment regimen will improve out-
come in these patients, or instead whether a positive
scan portends a poor prognosis whatever the treat-
ment strategy. These questions can be answered only
through well-designed, prospective clinical trials.

CONCLUSION

Functional imaging modalities have become valuable
tools in the care of lymphoma patients. While Ga-67
scanning provided early benefits, the improved techni-
cal ease and greater accuracy of FDG-PET render Ga-67
scintigraphy less relevant in situations in which FDG-
PET is available. FDG-PET provides important informa-
tion in both initial staging of lymphoma and restaging
following treatment, but its contribution appears to be
dependent on tumor histology and location. Care must
be taken in analysis of FDG-PET images, with the clini-
cal scenario and characteristics of uptake guiding inter-
pretation. Currently, FDG-PET should play a comple-
mentary role with other studies such as anatomic
imaging, with biopsy and pathological confirmation of
questionable lesions performed when possible. In the
future, FDG-PET will provide increasingly more guid-
ance in evaluation of prognosis and treatment effec-
tiveness.

Figure 79.3 Physiologic uptake of FDG in a patient with large B-cell lymphoma. A patient with large B-cell lymphoma
underwent baseline FDG-PET demonstrating uptake in mediastinal tumor (a). A scan performed during treatment to evalu-
ate disease response showed resolution of FDG uptake in malignant tissues but an increase in uptake of the tracer in bone
marrow, reflecting hematopoietic recovery (b). Following completion of therapy, no tracer uptake is detected in tumor or
bone marrow, but physiologic cardiac uptake is demonstrated (c)
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80Chapter 80
EPIDEMIOLOGY AND RISK 
FACTORS OF MULTIPLE MYELOMA:
INSIGHTS INTO INCIDENCE AND
ETIOLOGY
Ashraf Badros

1Section 1
MULTIPLE MYELOMA

Multiple myeloma (MM) is characterized by prolifera-
tion of malignant plasma cells in the bone marrow,
bone destruction, extramedullary plasmacytoma,
renal failure, and, late in the disease course, marrow
failure manifested as anemia, leukopenia, and throm-
bocytopenia.1 MM is customarily portrayed as an
uncommon cancer. Nevertheless, MM accounts for
10% of all hematologic malignancies and 1% of all
cancers. There are an estimated 74,000 new cases of
MM worldwide each year with a worldwide prevalence
of over 200,000 cases. MM is responsible for 2% of all
cancer deaths yearly, with an estimated 57,370 deaths
worldwide.2 In the United States, there were an esti-
mated 15,270 new MM cases in 2004 and over 11,070
yearly deaths due to MM.3 The biology of MM suggests
a multistep process as illustrated by the clinical pro-
gression from monoclonal gammopathy of unknown
significance (MGUS) to the symptomatic phase of the
disease. A B-cell precursor cell, after immunoglobulin
gene rearrangement, is presumed to be the origin of
the malignant clone in MM. The events that deter-
mine the susceptibility of B cells to undergo such
malignant transformation are at best speculative.4 The
racial differences in the disease, the increased risk of
developing MM with certain human leukocyte antigen

(HLA) types, and the clustering of MM in certain fami-
lies suggest that genetic susceptibility may predispose
certain populations to develop MM. In this chapter,
the biological, environmental, chemical, and familial
factors and their contributions to the pathogenesis of
MM are discussed.

DESCRIPTIVE EPIDEMIOLOGY

TIME TRENDS
The incidence and mortality rates for MM were not
available until 1950, when the disease was removed
from the category of “lymphoreticular malignancies”
and assigned a unique ICD code.5 The international
trends in MM rates vary significantly from country to
country. There was an overall increased incidence
between 1970 and 1990 with a plateau in the last
decade. The incidence and prevalence of MM in
selected world population is shown in Table 80.1.2,6

This increase was attributed to underreporting in the
earlier years and to improved diagnosis and more
intensive surveys, especially in the elderly, in the later
years (diagnostic phenomenon) rather than an actual
increase in incidence.7

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



GENDER EFFECTS
The age-adjusted incidence rates for MM are higher in
men (in the United States, 8090 cases were diagnosed
in men versus 7180 cases in women, in the year 2004).
This gender-related difference is noted across all age
groups and is maintained worldwide in all reported
age-specific incidence rates. This is despite the fact that
MM is a disease of the elderly, and that women in gen-
eral live longer than men. This gender-related differ-
ence is not only limited to the incidence of MM. There
are indications that women may be more resistant
than men to carcinogen exposure from occupation,
radiation exposure, or smoking. In some studies,
women have a better prognosis after therapy than do
men.8–12

RACIAL DIFFERENCE IN MM INCIDENCE
While many cancers (namely, those of the esophagus,
cervix, stomach, pancreas, larynx, and prostate) have
a higher rate among blacks than whites, within the
hematopoietic system, MM is the only malignancy
with a higher incidence among blacks. Asians have
the lowest incidence rate of MM (less than
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1/100,000). Table 80.2 and Figure 80.1 describe MM
incidence in the US white and black males and
females categorized by age at diagnosis.3 This differ-
ence in MM incidence is also reported in Jamaica and
South Africa, where blacks are reported to have a
higher incidence than that reported for US blacks.13,14

There is no definitive data to suggest that the higher
incidence of MM in blacks is associated with biologi-
cally different disease. In some studies, black MM
patients were, on average, 10 years younger than
white patients and had higher incidence of fractures,
paraplegia, and infections.15

Many explanations for the difference in incidence of
MM between blacks and white have been proposed.
Socioeconomic data showed that MM risk was signifi-
cantly higher in the lowest categories of occupation,
education, and income. In a population-based case–
control study including 573 cases (206 blacks and 367
whites), low socioeconomic status was noted for 37% of
MM in blacks and 17% in whites, and accounted for
49% of the excess incidence of MM in blacks.16

Differences in lifestyle between blacks and whites
failed to show significant risks associated with cigarettes

Table 80.1 Multiple myeloma incidence, mortality, and prevalence worldwide

Casesa ASRb Deaths Prevalencec Casesa ASRb Death Prevalencec

World 39,480 1.5 30,392 74,315 34,463 1.12 26,978 69,262

Eastern Africa 523 0.43 414 761 341 0.58 285 357

Middle Africa 286 1.52 241 419 520 2.16 442 642

Northern Africa 381 0.76 322 309 404 0.67 328 516

Southern Africa 192 1.56 159 297 167 1.02 139 248

Western Africa 541 0.91 440 822 207 0.26 154 221

Caribbean 446 2.68 357 491 323 1.75 278 345

Central America 885 2.15 626 1,002 689 1.47 570 842

South America 2,381 1.89 1,889 2,673 2,196 1.46 1,846 2,878

Northern America 8,230 4.02 6,262 17,178 7,757 2.94 5,759 16,841

Eastern Asia 5,811 0.78 4,436 9,205 4,462 0.55 3,319 7,860

South Eastern Asia 1,537 0.83 1,241 1,937 1,001 0.50 785 1,226

South Central Asia 4,424 0.85 3,391 5,212 2,918 0.54 2,226 3,510

Western Asia 928 1.47 774 947 712 1.07 600 882

Eastern Europe 2,619 1.45 1,960 5,778 2,806 1.00 2,186 7,392

Northern Europe 2,424 3.19 2,059 4,987 2,338 2.36 1,985 5,212

Southern Europe 3,319 2.79 2,376 8,401 3,204 2.05 2,392 8,239

Western Europe 4,566 3.20 3,460 12,277 4,428 2.28 3,697 10,752

Australia/New Zealand 647 4.16 391 1,613 529 2.91 350 1,280

More developed 23,247 2.73 17,836 54,720 22,705 1.93 17,598 54,582

Less developed 16,223 0.91 12,550 19,595 11,754 0.61 9,379 14,680

aCases: number of MM cases observed during a specific time.
bASR: an age standard rate is a summary measure of the rate that a population would have if it had a standard age structure. Standardization
helps to overcome the age difference between populations, as age significantly affects the incidence of MM. It is expressed per 100,000.
cFive-year prevalence.
Modified from Ref. 2.

Male Female



or alcoholic beverages, and no consistent patterns with
either intensity or duration of use of either were seen.
These data are consistent with several studies indicating
that smoking and drinking are not associated with MM.17

Another area of controversy is the difference of dietary

habits across different racial groups and its relation to the
incidence of MM. The use of vitamin C supplements by
whites and the higher frequency of obesity among
blacks may explain part of the higher incidence of MM
among blacks. However such conjecture cannot explain
the noted worldwide racial disparity of MM.18

Whether genetic factors contribute to the high inci-
dence of MM among blacks is another area of contro-
versy. Serologic typing of HLAs was conducted for blacks
(46 patients and 88 controls) and whites (85 patients
and 122 controls). Black patients had significantly
higher frequencies than black controls for Bw65, Cw2,
and DRw14. White patients had higher frequencies than
white controls for A3 and Cw2. Cw2 allele had a relative
MM risk of 5.7 (95% CI 1.5–26.6) and 2.6 (95% CI
1.0–7.2) for blacks and whites, respectively.19 Some stud-
ies had reported a lower survival rate for blacks than for
whites, though others did not find such a difference.20 In
a Southwest Oncology Group (SWOG) randomized trial,
the survival for black patients was similar to that for
white patients, both overall and adjusted for prognostic
factors such as stage.21 Not all blacks have a high inci-
dence rate of MM; the incidence of MM in blacks living
in Caribbean island is the lowest compared to other
countries. Again, the younger age and aggressive presen-
tation were noted with overall poor survival.22
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Table 80.2 Multiple myeloma incidence in the United
States: white and black males and females categorized by
age at diagnosis

Age category at diagnosis

30–39 40–49 50–59 60–69 70+

White male 0.4 1.8 7.3 16.3 35.6

Black male 1.4 6.4 18.9 36.8 66.8

White female 0.2 1.4 4.9 12.1 22.9

Black female 0.4 4.8 13.6 27.8 45.1

Note: The incidence rates were compared for males and females of
all races diagnosed between 1973 and 1980 split by the age at
diagnosis (30–39, 40–49, 50–59, 60–69, 70�). The P-value is zero
to four decimal places, meaning that the trend is highly significant.
The incidence rate of myeloma increases with aging across all
groups. There is a higher incidence rate among male population
than among females and is more in blacks than in whites.
Source: From Ref. 3. Rates are per 100,000 and age-adjusted to the
2000 US (19 age groups) standard.

Figure 80.1 SEER incidence and US death rates due to myeloma, by race and sex. (Source: SEER nine areas and NCHS
public use data file. Rates are age-adjusted to the 2000 US standard million population by 5-year age groups. Regression
lines are calculated using the Join Point Regression Program)



ETIOLOGY OF MULTIPLE MYELOMA

Although the etiology of MM remains unknown, sev-
eral environmental, occupational, and genetic factors
have been associated with increased risk of developing
MM. Although these risk factors are discussed disjoint-
edly, it must be recognized that many factors con-
tribute to the risk of each single case. In the search for
factors that cause cancer, epidemiologists have used
cohort and case–control studies. A defined popula-
tion’s “cohort” exposed to factors suspected of increas-
ing the incidence of a cancer and a control “matched”
group are followed for incidence of cancer. These fac-
tors are then investigated further if high incidence of a
cancer is seen. Case-control studies begin with a clus-
ter of cancer cases that are followed by investigating
the exposure to various agents. Case–control studies
are conducted quickly with fewer subjects. However,
they are biased by selection and the ability of subjects
to remember exposures.

MONOCLONAL GAMMOPATHY OF 
UNKNOWN SIGNIFICANCE
Incidence
MGUS indicates the presence of a monoclonal protein
(M-protein) in persons without evidence of MM,
macroglobulinemia, amyloidosis (AL), or related plasma
cell disorders. MGUS can be associated with other dis-
orders, including lymphoproliferative diseases,
leukemia, connective tissue disorders, dermatologic
diseases, and neurologic disorders.23 MGUS is found in
approximately 3% of persons older than 70 years and
in about 1% of those older than 50 years. In the largest
series of MGUS patients published to date that
included 1384 patients from Mayo Clinic from 1960
through 1994, the risk of progression to MM was 1%
per year. Patients were at risk of progression even after
more than 25 years of a stable monoclonal gammopa-
thy. The risk of developing MM was 25-fold higher
when compared with a similar population (from SEER
database). The concentration of the serum M-protein
was the major independent predictor of progression.
Patients with an immunoglobulin M (IgM) or an IgA
monoclonal gammopathy had a higher risk of progres-
sion than those with an IgG monoclonal gammopathy.
The presence of a urine M-protein or the reduction of
one or more uninvolved immunoglobulins was not a
risk factor for progression.24 An early study that
included 398 patients (270 whites and 128 blacks)
showed that blacks had a two times (14.8%) higher
incidence of MGUS than did whites (7.8%); this differ-
ence was statistically significant, and was noted across
all age subgroups.25 In a community-based study from
the Duke Established Populations, of 1732 patients
over age 70, 106 subjects (6.1%) had MGUS. There was
a twofold difference in prevalence between blacks
(8.4%) and whites (3.8%), P � .001. This biological

racial difference is associated with susceptibility to an
early event in the carcinogenic process leading to
MM.26 In a study from Zaragoza, Spain, the yearly inci-
dence of monoclonal gammopathy remained stable up
to 1985; from that time on, a 30–40% yearly increase
was noticed, which was mainly related to MGUS and is
a reflection of improved diagnosis and more vigorous
application of testing to the elderly.27 The increased
rate is also noted for patients diagnosed between 1976
and 1997 in Iceland. There was an increased incidence
noted between 1976 and 1980 from 5.8 (men) and 4.9
(women) to 14.7 (men) and 12.5 (women) during
1992–1997. Incidence rates were very low under 50
years of age and increased with age from 11 and
17/100,000 at age 50–54, to 169 and 119/100,000 at
age 80–84, for men and women, respectively.28

Risk factors
A retrospective study of 285 cases of MGUS matched
with 570 controls assessed risk factors for MGUS.
MGUS was significantly increased in farmers (P � 0.005)
and industry workers (P � 0.025), and in those with
occupational exposure to asbestos, fertilizers, mineral
oils and petroleum, paints and related products, and
pesticides (P � 0.05). Chronic immune-stimulating
conditions, when considered as a group, presented a
significant (P � 0.025) risk of MGUS, but no specific
disease has been significantly associated.29 A retrospec-
tive study from the Nurses’ Health Study showed that
MGUS is not increased in women with breast
implants.30 Among 6737 atomic bomb survivors, 112
developed MGUS between 1985 and 2001. The crude
incidence rate was 164/100,000 person-years in the
overall study population, with a sharp increase in inci-
dence after age 60. Among 75 patients with MGUS
detected in 1985, 50 patients (67%) had died by 2001,
and 16 (21%) of these deaths were due to MM.
Transformation from MGUS to MM was faster in
exposed persons than in non-exposed persons, though
that was not statistically significant.31

IMMUNE STIMULATION AND MYELOMA
Chronic infections and eczema
Many medical conditions associated with chronic
stimulation of the immune system, such as repeated
infections, allergic conditions, or autoimmune disease,
have been reported to increase the risk of MM. In a
case-control study, past history was abstracted from
medical records for leukemia, n 
 299; non-Hodgkin’s
lymphoma (NHL), n 
 100; and MM, n 
 175 patients,
and matched with 787 controls. Prior histories of
eczema and musculoskeletal conditions were associ-
ated with higher risk for MM with no role identified
for chronic antigenic stimulation in the etiology of
leukemia or NHL.32 Another case–control study of 100
MM cases in whites showed no associations between
MM and history of medical conditions that cause pro-
longed stimulation of the immune system, like
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chronic infections, autoimmune disorders, allergy-
related disorders, or lymphoid tissue surgery.33

Gaucher’s disease
Several case reports have long suspected an association
between Gaucher’s disease and gammopathy.34–39

There is a reported incidence of 20% polyclonal gam-
mopathy in this disease with an unclear percentage of
monoclonal abnormalities. It is suspected that lipid
deposition in Gaucher’s disease results in chronic stim-
ulation of the humoral immune system with produc-
tion of polyclonal immunoglobulins that under
unclear circumstances become monoclonal with
development of MGUS and/or MM.40 The use of
enzyme therapy to control Gaucher’s disease decreased
polyclonal immunoglobulin levels but had no effect
on monoclonal gammopathy. The lack of correlation
between disease activity and immunoglobulin levels
means that the enzyme-sensitive process affecting lipid
metabolism is not directly linked to immunoglobulin
deregulation.41

Rheumatoid arthritis
MM has presented in patients with rheumatoid arthritis
concurrently and in many cases masking the symptoms
of arthritis.42–46 IgA isotype MM is more frequently
reported in rheumatoid arthritis patients.47 Several
cytokines and inflammatory molecules like interleukin 6,
C–reactive protein, and the adhesion molecules ICAM-1,
VCAM-1, and CD44 theoretically link MM and autoim-
mune disorders.48 A report from Sweden blamed the
number of X-rays in arthritis patients for the increased
risk of MM.49

VIRAL INFECTIONS
Kaposi’s sarcoma-associated herpesvirus
Human herpesvirus 8 (KSHV/HHV-8) was detected in
the bone marrow dendritic cells of MM patients. This
was considered an etiologic pathogen for MM, as it was
not detected in normal individuals.50 Unfortunately,
subsequent confirmatory studies failed to establish a
role of HHV-8 in the etiology of MM.51–56 Also several
clinical studies from the United States and South Africa
failed to establish a link between MM and KSHV.52,57

Acquired immunodeficiency syndrome
AIDS has been associated with increased incidence of
high-grade B-cell lymphoma and leukemia. Several
reports have described MM in HIV-infected patients.58–68

These reports suggest that MM occurrence in AIDS
patients is more than a coincidental event. Several
authors suggested that MM should be considered
another AIDS-associated neoplasm. In most of the
reported cases, MM occurred in younger patients and
had a fairly aggressive course with development of
extramedullary disease, factors that may prompt physi-
cians to publish their cases. The diagnosis of MM may
be difficult in an AIDS population as renal failure, bone

marrow plasmacytosis, and hypergammaglobulinemia
are attributed to HIV. The challenge in diagnosis and lack
of a uniform reporting system for these patients proba-
bly underestimate the true incidence of MM in AIDS
patients. Biologically, it is plausible that the antigen-
driven response to the viral infection and the associ-
ated increased levels of cytokines (e.g., interleukin 6)
and many angiogenic factors (e.g., vascular endothelial
growth factor and basic fibroblastic growth factor) can
sustain the malignant clone in MM.

Hepatitis C virus
Infection with hepatitis C virus (HCV), an RNA virus
that can modulate the immune system, is associated
with type II mixed cryoglobulinemia. Recently, a large
case-controlled study confirmed that HCV-infected
patients have a higher risk of B-cell NHL (OR 
 3.7,
95% CI 1.9–7.4, P 
 0.0001) and MM (OR 
 4.5, 95%
CI 1.9–10.7, P 
 0.0004).69 Other studies link HCV
infection to Waldenstrom’s macroglobulinemia and
MGUS.70,71 However, the data remain speculative and
when the incidence of MM is evaluated in the context
of HCV, the association is less clear.72–74

Human T-cell lymphotropic virus type 1
A recent report of increased cases of MM in West Indies
with incidences similar to what is reported for Afro-
Americans in the United States entertained a possible
link between the endemic human T-cell lymphotropic
virus type 1 (HTLV-1) infection and MM, though this
correlation has not been confirmed.75

RADIATION EXPOSURE
Ionizing radiation is the most recognized risk factor for
hematologic malignancies. Detailed prospective and ret-
rospective studies analyzed the risk of environmental,
military, occupational, and medically related sources of
radiation. The issue is described in more detail below.

Occupational exposure
The effects of low-grade protracted exposure to radia-
tion in older age as seen in nuclear workers and individ-
uals living in high-risk areas are at least intriguing.
Several case-controlled studies reported an increased
risk of MM among nuclear workers exposed to external
penetrating ionizing radiation. In the international
combined analyses of mortality data on 95,673 workers,
more than 85.4% men, employed for at least 6 months
in the nuclear industry in the United States, United
Kingdom, and Canada, were monitored for external
exposure to ionizing radiation. The analyses covered a
total of 2,124,526 person-years at risk and 15,825
deaths, 3976 of which were due to cancer. Among the
31 specific types of cancers studied, a significant associ-
ation was observed only for MM (P 
 0.037; 44 deaths).76

In the Sellafield British nuclear plant the cancer mortal-
ity and incidence among 14,282 workers employed
between 1947 and 1975 were studied up to 1988.
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Overall cancer mortality and incidence were 4% and
10%, respectively, less than that of the England and
Wales populations. Among radiation workers there were
significant positive correlations between accumulated
radiation dose and mortality from cancers of ill-defined
and secondary sites and for leukemia, but the association
with MM was quite weak.77 A study of workers at US
Department of Energy facilities identified 98 MM
cases/deaths and compared them to 391 age-matched
controls selected from 115,143 workers at three sites.
Cases were disproportionately African-American males;
all were hired prior to 1948. Lifetime cumulative whole
body ionizing radiation dose was not associated with
MM; however, there was a positive association between
MM risk and doses received at an older age.78 The
French Atomic Energy reviewed the cancer death for all
workers between 1950 and 1968, after several deaths
from cancer were reported in the mid 1980s. The cohort
was followed up to 1990. The numbers of deaths from
all causes and from all cancer sites were 44 and 21,
respectively. No excess of cancer deaths was reported for
the study period. The risk of death from all cancer sites
increased with the duration of exposure to chemicals.
The authors conclude, “the results do not justify the
impression of an excess of cancer in workers of atomic
facilities.”79

Residential exposure
In a report of all hematologic cancer cases in 489
towns within 30-km radius of Spain’s seven nuclear
power plants and five nuclear fuel facilities, cases of
leukemia (n 
 610), lymphoma (n 
 198), and
myeloma (n 
 122) were matched to 477 control
towns lying within a 50–100-km radius of each instal-
lation. Statistical testing revealed that with the excep-
tion of MM, none of the tumors studied showed evi-
dence of a rise in risk with proximity to a nuclear
installation.80 Taking all these data together, it
appears that high-grade exposures were associated
with risk of leukemia and possibly NHL, while pro-
longed low-grade exposure as seen in factory workers
and in those living near nuclear facilities increases the
risk of MM.

OCCUPATIONAL HAZARDS
Many occupational exposures have been associated
with MM; these include metals, rubber, wood, leather,
paint, and petroleum. Several excellent reviews have
discussed each occupation and its associated risks. The
following is a brief summary of published studies for
pertinent occupations.

Agriculture
Agricultural work (predominantly farming) is an occu-
pation that has been most frequently associated with
MM.81 Early reports from Iowa farmers in the 1970s
showed a significantly higher mortality rate for MM and
leukemia.82 A recent update of these data suggest that

association between farmers and MM is weaker than ini-
tially reported.9,83,84 Similar results were reported from
Sweden. There were 568 MM cases among 254,417 men
working in agriculture, with an estimated RR of 1.20
(95% CI 1.09–1.33).85 Meta-analyses of peer-reviewed
studies of MM and farming including 32 studies pub-
lished between 1981 and 1996 confirmed a low risk of
MM.86 Other studies evaluated the work environment in
agriculture and risk of MM. Farming has many potential
carcinogenic exposures, such as animals and zoophilic
viruses, grains, dust, fertilizers, pesticides, or benzene
and engine fumes. In Italy, a case-controlled study for 71
cases of leukemia, lymphoma, and myeloma estimated
the risk of hematologic malignancies for agricultural
workers at 1.63 (95% CI 0.69–4.34) in males and 6.00
(95% CI 1.21–25.52) in females, with significantly
increased risks after DDT exposure (OR 
 4.11; 95% CI
1.16–14.55).87 In another case-control study from Italy,
MM risk was not increased among workers in agriculture
as a whole (OR 
 1.31, 95% CI 0.62–2.74), but was
increased among workers cultivating apples and pears
and with exposure to chlorinated insecticides.88 In a
large cohort of 120,000 male and 85,000 female farmers
in Finland, 17,000 cancer cases were observed.
Compared with the incidence of cancer in the Finnish
population, both genders experienced a 17–18%
decreased risk of cancer. The risks were low in smoking-
related cancers. Cancers with higher incidence were lip
cancer and Hodgkin’s disease in males. Risk of Hodgkin’s
disease was highest in farms without animals (RR = 1.74,
CI 1.12–2.59). MM was found in excess among farmers
working in pig or poultry farms.89 Others studies failed
to link farm animals to MM.90

Rubber
Excess death from MM was noted in rubber workers
from Akron, Ohio.91 Similar findings were reported in
a large study including 1352 white and 438 nonwhite
male workers in rubber-manufacturing industry in the
United States with excess bladder cancer (RR of 2.1),
esophageal cancer (2.7), and MM (4.5).92 Exposure to
butadiene was associated with an increased risk of
leukemia and Hodgkin’s disease, while MM and lym-
phomas are associated with exposure to styrene.93

However, three large studies did not find MM to be one
of the cancers affecting rubber workers.94–96

Benzene and related exposures
Prior case series and epidemiologic studies linked
industrial exposure to benzene to development of
MM.97–100 It is accepted now that benzene exposure by
itself in not a risk nor a causal factor for development
of MM. This was recently reviewed in two excellent
papers and is confirmed in several meta-analyses.101–105

Other occupations
A recent review of 70 occupational cohort studies that
addressed B-cell cancer risks in nine major industrial
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categories explain the limitation and inconsistency in
these studies.106 The exposure of painters to chemical
compounds is complex, for there are various dyes, pig-
ments, and solvents, which are known to be muta-
genic in paint. The specific agent(s), if any, associated
with the increased risk of MM in painters has not been
identified. Exposure to asbestos has been linked to an
increased risk of myeloma in at least two case-control
studies.33,105,107 In contrast, other case–control studies
have not detected this association.108 It will take fur-
ther work to determine whether asbestos plays a role
in the etiology of MM. An increased risk of MM in
workers in wood, leather, and textile industries has
been found in some studies, but the results are incon-
sistent and not universally confirmed by other investi-
gators.109–116 Statistical associations have been made
between employment as sheet metal workers and an
increased risk of MM.113,117,118 The small numbers of
cases and the lack of information on actual type and
duration of exposures make it difficult to determine
which occupational exposures are responsible for the
elevated risks observed.

LIFESTYLE FACTORS
Socioeconomic status
Socioeconomic status has been debated as an impor-
tant prognostic factor in MM patients. A low socioeco-
nomic status has been described in association with
shorter survival, advanced clinical stage, and less
response to chemotherapy in MM.119–121 This is proba-
bly related to limited access to health care rather than
an epidemiologic phenomenon.

Diet
As diet differs significantly in various racial groups, its
contribution to MM has been suspected though not
confirmed. The use of vitamin C supplements was
reported to reduce MM risks in whites.18 The con-
sumption of yogurt increased the risk of developing
MM while vegetables decreased that risk.122

Obesity
Recent data suggest that obesity increases the risk of
MM. Excess body weight has been shown to increase
the risk of death from various cancers and MM in a
prospective studied population of more than 900,000
US adults. Some studies attributed the higher risk of
MM in blacks to obesity, which is more common in
blacks. However, recent studies showed that MM risk
appears equal among black and white obese male vet-
erans. As the prevalence of obesity and overweight
worldwide increases, it is important to define its
impact on cancer and to elucidate the mechanisms
involved.123,124

Smoking
Several studies have proven that smoking is not linked
to an excessive risk of MM for both blacks and whites

of both gender, and no consistent patterns with either
intensity or duration of use have been found.17,125–131

Hair dyes
Use of permanent hair dye, especially dark dyes, con-
tributes to death rates from MM, however the risk is
small and unlikely to be a major contributor to
MM.132–139

GENETIC AND MOLECULAR FACTORS  
IN MULTIPLE MYELOMA

FAMILIAL PREDISPOSITION
Reports of familial cluster of MM suggest that genetic
factors may play a role in the etiology of MM. As pre-
viously discussed, neither specific genetic factors nor
environmental exposures have been clearly impli-
cated.140–145 From these cases and other reviews, sev-
eral observations have been made. First, there is no dif-
ference between familial and non-familial MM with
regard to clinical presentation, laboratory data, and
prognosis. Second, the earlier age of diagnosis in suc-
cessive generations is a reflection of the genetic phe-
nomenon of anticipation.146 Third, individuals with
familial MM appear to have a higher incidence of
other hematologic malignancies. There is also a higher
incidence of MGUS in many relatives of MM patients
that puts them at a higher risk of developing
MM.147,148 One report of HLA typing disclosed identi-
cal haplotypes (AW24, A26, B13, and BW55) in two sis-
ters 58 and 56 years old, diagnosed 22 months apart.149

Other studies of familial MM in twins showed identi-
cal isotypes and in some cases similar karyotypic
abnormalities.150–152 A comprehensive family cancer
database from several Swedish registries included 6
million persons. There were more than 30,000 cancers
reported, and an increased cancer risk in offspring (1.1
times) was noted when the father had cancer. If both
parents had cancer, the risk for sons was 1.4 and for
daughters 1.3. MM was among the cancers with higher
risks.153 A population-based case-control interview
study of 565 MM patients (361 whites and 204 blacks)
and 2104 controls (1150 whites and 954 blacks)
showed that family history of any cancer contributes
to the risk of MM. The risk of MM was significantly ele-
vated for patients who reported that a first-degree rela-
tive had MM (OR 
 3.7, 95% CI 1.2–12.0) or any lym-
phoproliferative cancer (OR 
 1.7, 95% CI 1.0–2.8),
especially a sibling (OR 
 2.3, 95% CI 1.1–4.5). The
risk associated with familial occurrence of hematologic
cancer was higher for blacks than for whites.154
However, to date the question of genetic predisposi-
tion to MM remains unanswered.155–159

POLYMORPHISM
Factors that regulate the metabolism of environmen-
tal and occupational carcinogens may be critical in
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modifying MM risks in different individuals. The
human xenobiotic metabolizing system is responsible
for completing the detoxification of procarcinogens.
The system comprises two classes of enzymes: phase 1
cytochrome P450 and phase 2 enzymes, including
glutathione S-transferases (GST M1 and GST T1),
paraoxonase 1 (PON1), and N-acetyltransferases
(NAT) 1 and 2. Interindividual variability in the xeno-
biotic enzyme system can predispose certain racial
groups to the carcinogenic effects of certain chemi-
cals. In a case–control study using peripheral blood or
bone marrow biopsy specimens from 90 Caucasian
individuals and a control group consisting of 205
healthy Caucasian volunteer bone marrow donors,
there was a significant increase in incidences of the
GST T1 null; PON1 BB and NAT2 slow acetylation
genotypes in MM cases compared with controls.
Multivariate analysis revealed that GST T1 null was
the most significant risk factor for MM. Interestingly
the GST T1 enzyme has been identified as essential for
benzene biodegradation. African Americans have an
increased frequency of GST T1 null genotypes; this
may explain the high incidence of MM. The study
presents the evidence that inherited polymorphisms
in genes are responsible for metabolizing carcinogens
that can affect the individual risk for developing
hematologic diseases.160

GENE ARRAY DATA
The recent development of gene expression profiling
has highlighted the sequential genetic change from
normal plasma cell to a malignant one. The transforma-
tion of MGUS to MM provides an opportunity to better
understand the genes involved and correlates these
molecular changes with various environmental events.
Recently, microarray analysis of plasma cells from 5
healthy donors, 7 patients with MGUS, and 24 MM
patients established 380 genes differentially expressed
between normal and MM, but a much smaller differ-
ence of only 74 genes that were differentially expressed
between MGUS and MM samples. Differentially
expressed genes included oncogenes/tumor-suppressor
genes (LAF4, RB1, and disabled homolog 2), cell-signal-
ing genes (RAS family members, B-cell signaling, and
NF-�B genes), DNA-binding and transcription-factor
genes (XBP1, zinc-finger proteins, forkhead box, and
ring-finger proteins), and developmental genes (WNT
and SHH pathways).161 In a twin experiment, gene

profiling of MM cells allows us to overcome the indi-
vidual genetic heterogeneity. A recent study compared
the gene expression profile of MM cells from a patient’s
bone marrow with his genetically identical healthy
twin. Two hundred and ninety-six genes were upregu-
lated and 103 genes were downregulated at least
twofold in MM cells versus the normal twin plasma cells
(PCs). Highly expressed genes in MM cells included
cell survival pathway genes such as mcl-1, dad-1, cas-
pase 8, and FADD-like apoptosis regulator (FLIP); onco-
genes/transcriptional factors such as Jun-D, Xbp-1,
calmodulin, Calnexin, and FGFR-3; stress response and
ubiquitin/proteasome pathway-related genes, and vari-
ous ribosomal genes reflecting increased metabolic and
translational activity. Several genes were downregulated
in MM cells versus healthy twin PCs including RAD51,
killer cell immunoglobulin-like receptor protein, and
apoptotic protease activating factor. This study provides
insights into the mechanisms involved in malignant
transformation in MM.162 These new developments of
the molecular mechanisms of MM will help us under-
stand what causes the disease and develop effective
preventive and treatment strategies.

SUMMARY

The increased incidence of MM in the last 50 years is
indicative of improved diagnosis of the disease and the
vigorous evaluation of the increasingly aging popula-
tion rather than an actual increase in incidence. MM
clinical presentations range from a benign disease
requiring no therapy to an aggressive malignancy
reflecting the complex processes involved in initiation
and propagation of the malignant clone. Genetic
abnormalities possibly represent initial events that are
acquired or inherited and remain dormant until envi-
ronmental factors promote the proliferation of the
malignant clone. Then the clone is sustained through
a network of cytokines and cellular elements in the
bone marrow microenvironment. The contributions of
race, sex, infection, various chemicals, and hereditary
factors to this process remain under investigation.
Despite extensive studies, the etiology of the disease
remains elusive. The studies of the genetic back-
ground, using gene array and related technologies,
have provided a new opportunity to correlate specific
genes with the progress of the disease.
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INTRODUCTION

Although traditional morphology has played a sec-
ondary role to the rapid developments in molecular
biology, cytogenetics, and new areas of therapy for
patients with multiple myeloma, its importance can-
not be underestimated. Furthermore, new cytogenetic
and molecular data, which relate morphologic appear-
ances to chromosomal translocations (i.e., the associa-
tion of CD20 expression, t(11;14) translocations, and
small mature plasma cell morphology),1 have the
potential to play considerable therapeutic roles in
decision making about appropriate treatment for
patients with myeloma.

MORPHOLOGY

NORMAL AND MALIGNANT PLASMA CELLS
Plasma cells are part of the normal cell population of
the bone marrow. They comprise approximately 1% of
the nucleated cells of normal marrow aspirates, and
are equally distributed throughout the red marrow.
Bone marrow findings of increased plasma cells, char-
acteristic of myeloma, must always be taken together
with other features before definite conclusions can be
drawn, as high plasma cell numbers are seen in some
reactive states, especially in HIV infection, autoim-
mune states, and liver disease. Aggregations of normal
plasma cells usually occur in a perivascular distribu-
tion, with fewer than four or six cells clumped
together. Normal plasma cells are of two major mor-
phologic types. The classical “Marschalko” plasma
cells are the predominant plasma cells in normal mar-
row. Such cells have abundant basophilic cytoplasm,
paranuclear hof, and are usually devoid of nucleoli.
The second appearance is of the lymphoplasmacytoid
plasma cells, which are usually IgM secreting and are

the predominant cells in Waldenstrom’s macroglobu-
linemia. These cells are smaller than “Marschalko”
plasma cells, with less eccentricity of the nucleus, and
are more dispersed in the bone marrow without
perivascular cuffing. Malignant plasma cells can be dif-
ferentiated by aggregation along endosteal surfaces,
large clumps, and the presence of nucleated plas-
mablasts or proplasmablasts. Binucleated plasma cells
are occasionally seen in normal reactive marrow, and
do not per se define malignancy. Electron microscopic
appearances of normal plasma cells reveal peripheral
chromatin condensation in an eccentric nucleus with
well-developed paranuclear Golgi apparatus and cyto-
plasmic endoplasmic reticulum. Normal plasma cells
have an even distribution of kappa and lambda stain-
ing, whereas malignant clones are light-chain restricted.
Morphologic abnormalities, such as crystal formation,
Russell bodies, and “flame” cells are not usually seen in
normal marrows, but are by no means pathognomonic
of malignancy, as they can occasionally be seen in
reactive states. 

THE MORPHOLOGIC DIAGNOSIS OF 
MULTIPLE MYELOMA
The morphologic diagnosis of multiple myeloma and its
distinction from reactive plasmacytosis relies on both
the quantity of plasma cells seen and the qualitative
plasma cell abnormalities, as previously mentioned. In
general terms, more than 30% of plasma cells in a mar-
row aspirate smears constitute a major diagnostic crite-
rion for multiple myeloma, although such a percentage
may occur in other conditions, such as rheumatic disor-
ders, inflammatory reactions of the bone marrow, and in
particular, HIV infection. The demonstration of light-
chain isotype restriction has become a major criterion
for distinguishing malignant from reactive cases.
Nuclear-cytoplasmic asynchrony is more evident in
malignant plasma cells. Recently, the international
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myeloma working group has suggested criteria for the
distinction of monoclonal gammopathy of unknown
significance (MGUS), smoldering myeloma, and symp-
tomatic myeloma. These criteria do not rely on strict
morphologic criteria, but stress the clonal or light-chain
isotype restriction of plasma cells.2

Despite attempts to define morphologic and or cyto-
chemical features that distinguish neoplastic plasma
cells from normal plasma cells, no morphologic criteria
appear to be pathognomonic. Spindle-shaped crystal
deposits and other cellular inclusions (see Figures 81.1
and 81.2) typical of myeloma can occasionally be seen
in normal plasma cells. The diffuse eosinophilic pink
staining at the cell periphery, the so-called “flame” cells
(see Figure 81.3) seen mostly in IgA myeloma, can
occur in other variants, as can Russell bodies which,
while initially thought to be organisms, are now
known to be immunoglobulin (Ig), have been seen in
normal plasma cells. Variations in cell size, in multiple
nucleolarity, and even cytochemical staining are not
pathognomonic (see Figure 81.4). Most plasma cells
stain positively for acid phosphatase, nonspecific
esterase, and periodic acid–Schiff, but these are not spe-
cific for myeloma. The presence of plasmablasts (see
Figure 81.5), nucleolated plasma cells often with less
eccentricity and less intense staining of cytoplasm, is
classical of myeloma. The number of plasmablasts has
also been shown to correlate with prognosis. The pres-
ence of a large number of plasmablasts per se is proba-
bly the most important morphologic feature that dis-
tinguishes myeloma from reactive plasmacytosis, and a
population of plasmablasts greater than 2% of plasma
cells have been shown by the Mayo Clinic to be an
adverse prognostic factor.3

In early myeloma, plasma cells distribute in an inter-
stitial pattern. At a later stage, they form dense aggre-
gates on endosteal surface, followed by nodules and
sheets in advanced disease. These patterns correlate with

survival, as do other major prognostic factors: plasma
cell labeling index and serum �2-microglobulin.4–6

The growth pattern of myeloma on trephine is also
predictive of the type of skeletal defects and correlates
strongly with magnetic resonance imaging findings.
Nodules of plasma cells are associated with osteolytic
lesions, whereas interstitial and “sarcomatous” types
are associated with osteoporosis.7

The percentage of plasma cells on bone marrow
aspirates is used as a diagnostic criterion for myeloma.
According to the World Health Organization classifi-
cation, major diagnostic criteria require 30% plasma-
cytosis, while minor criteria require 10–30% for the
diagnosis of myeloma. For MGUS, marrow plasmacy-
tosis is defined as �10%.

Monoclonality of myeloma can be demonstrated on
trephine by kappa or lambda light-chain restriction by
immunohistochemical stain. CD138/syndecan-1 is a
useful immunohistochemical marker of normal and
neoplastic plasma cells on bone marrow trephine.

IMMUNOPHENOTYPING OF PLASMA CELLS
Immunophenotyping is a valuable technique for dif-
ferentiating myeloma and normal plasma cells, and
the distinction is based on the presence of phenotypic
aberrations in myeloma plasma cells (MPCs) that are
absent in normal plasma cells. 

Normal plasma cells meet the following criteria on
phenotyping: high-intensity CD38 positive, CD138
positive, CD 56 negative , CD19 positive, CD20 nega-
tive, CD28 negative, CD33 negative, and CD117 nega-
tive. Plasma cells in patients with myeloma may
demonstrate other abnormalities; for example, posi-
tive CD20, CD40, and CD56, and negative CD19.8–11

Thus, although plasma cells are usually defined by
high-intensity florescent CD38 and are CD45 negative,
CD45� populations of plasma cells have also been
studied, and these correlate with plasma cell matrixity

Part IV ■ MULTIPLE MYELOMA AND RELATED DISORDERS848

Figure 81.1 Bone marrow aspirate of a patient with
myeloma. Needle-shaped, azurophilic crystalline inclusions in
cytoplasm of plasma cells representing Ig inclusion material

Figure 81.2 Bone marrow aspirate of a patient with
myeloma. Mott cells are plasma cells with multiple bluish
cytoplasmic inclusion bodies



and proliferative capacity. Immature plasma cells are
CD38��, CD45��, have high labeling indices, and
correlate with the clinical behavior of the disease.12

Mature malignant plasma cells are CD45 negative, have
lower labeling indices, a lower incidence of P-glycopro-
tein expression, and oncoprotein abnormalities.13

DEVELOPMENT OF PLASMA CELLS

CELLULAR DEVELOPMENT
Lymphoid cells are derived from a common lymphoid
progenitor which has the capacity to develop into a T,
B, or natural killer cell.1 The first recognizable B-cell
type is a pro-B cell, which develops under the influ-
ence of transcription factors essential for B-cell com-
mitment. The pro-B cell expresses the characteristic B-

cell surface marker CD19, but not cytoplasmic 	

immunoglobulin. It undergoes rearrangement of the
Ig heavy-chain (IgH) genes, the product of which
associates with that of the variable pre-beta and
lambda 5 genes, which encode proteins forming the
surrogate light chain. Subsequent rearrangement of
true light-chain genes enables expression of surface
IgM. The immature B cell thus expresses CD19, as well
as cell surface IgM associated with kappa or lambda
light chains, i.e., the B-cell receptor. A virgin B cell is
an IgM�, IgD� cell that circulates in the peripheral
blood in the G0 phase of cell cycle. It may be activated
to proliferate and produce plasma cells and memory B
cells. Such activation requires contact with T cells.

B cells with high-affinity receptors receive survival
signals from antigen stimulation on dendritic cells and
differentiate into memory B cells or plasmablasts,
which subsequently migrate to the bone marrow and
develop into plasma cells. These bone marrow plasma
cells have a long life span and produce the majority of
secreted Ig in the plasma. They are considered to be
the normal, nonmalignant counterpart of the MPC.

MOLECULAR ASPECTS OF PLASMA 
CELL DEVELOPMENT
IgH gene rearrangements and V gene 
usage in myeloma 
Maturation of normal B-cell precursors to mature
plasma cells involves rearrangement of the Ig genes
with subsequent somatic mutation of the variable (V)
region. The variable region of the Ig heavy chain is
derived from three distinct gene segments encoded by
the variable (V), diversity (D), and joining (J) region
sequences. For the light chain, the variable region is
composed of variable kappa or lambda gene segments
linked to the joining segments. V gene rearrangement
is dependent on the protein products of recombinase
activating genes. Within the variable regions of both
the Ig heavy- and light-chain genes, there are three
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Figure 81.3 Bone marrow aspirate of a patient with IgA
myeloma. “Flame” cells are typically associated with IgA
myeloma. They are plasma cells which stain eosinophilic
pink in the periphery of the cytoplasm due to the accumula-
tion of Ig

Figure 81.4 Binucleated plasma cell in a patient with
myeloma

Figure 81.5 Plasmablasts with prominent nucleoli in a
patient with plasma cell leukemia 



hypervariable or complementary determining regions
(CDR). These unique segments can be used as markers
to detect minimal residual disease in B-cell tumors.
CDR3 is the most variable portion of the Ig molecule,
and is the principal site for somatic mutation and anti-
body affinity maturation of the Ig molecule.14

After variable region recombination, the isotypes of
the heavy chains are determined by a process known
as isotype switching. Many of the chromosomal
translocations seen in multiple myeloma occur in
these switch regions. The process of VDJ rearrange-
ment and class switching allows a single B-cell clone to
produce antibodies of different heavy-chain classes to
the same antigenic epitope. The rearrangement of Ig
genes during B-cell development is sequential, occur-
ring at distinct stages of development. Heavy-chain
genes undergo rearrangement before the light-chain
genes. The product of successful heavy-chain VDJ join-
ing activates rearrangements of the kappa locus, which
precedes lambda rearrangement.

In myeloma, the malignant plasma cells have
already undergone somatic mutation within the ger-
minal center, and no ongoing mutation occurs with
progressive disease. Thus, the mutation mechanism is
no longer active in the malignant clone.15,16 Analysis
of the variable genes has indicated that the majority of
the malignant population is derived from a post-anti-
gen-selected plasma cell. However, less mature, minor
B-cell populations of identical variable gene sequences
may coexist in the circulation, both in the postswitch
and preswitch populations.17

ORIGIN OF THE MALIGNANT 
PLASMA CELL

Myeloma is characterized by proliferation of a mono-
clonal population of plasma cells. It is a tumor of a
postgerminal center, mature B cell that has undergone
antigen selection, and somatic hypermutation.15,16,18

However, the origin of the MPC remains controversial. 
Molecular studies have cast some insights into the

stage of differentiation and the clonal nature of
myeloma. Polymerase chain reaction and sequence
analysis of the IgVH genes have shown that clonal pro-
liferation occurs in a cell that has undergone somatic
hypermutation.15 Consequently, the unique IgH VDJ
rearrangement, somatic hypermutation in the CDR
regions (in particular, the hypervariable CDR3 region),
becomes the signature of the malignant clone. This
malignant population is intraclonally homogeneous
and stable in spite of disease progression.16,19

Phenotypic characterization of myeloma “stem cells”
has recently being proposed,20 suggesting they are
CD138� B cells that self-replicate and differentiate into
malignant CD138� plasma cells. These subsets are small
(�5%), highly clonogenic, and express CD20� and sur-
face IgM. They are inhibited by anti-CD20 monoclonal

antibody. It was suggested that the therapeutic effect of
CD20 antibodies will not be immediate and cannot be
measured by standard response criteria, because they
target the precursor and not the mature plasma cells
that produce the clinical effects.20

CYTOGENETIC ABNORMALITIES
IN MYELOMA

Chromosome studies in multiple myeloma have
become an important part of the management of
myeloma patients. Early investigations were based on
conventional karyotype analysis, with the detection of
recurrent abnormalities, such as monosomy 13 and
t(11;14). In recent years, developments in molecular
cytogenetics ranging from metaphase and interphase
fluorescent in situ hybridization (FISH) to multicolor
spectral karyotyping (M-FISH) and comparative
genomic hybridization (CGH) have greatly increased
the range and number of detectable cytogenetic abnor-
malities (Figure 81.6). These techniques have over-
come some limitations of conventional cytogenetics
(CC) in myeloma, including (1) low mitotic index of
myeloma cells; (2) multiple complex chromosomal
abnormalities of myeloma complicating the identifica-
tion of specific chromosomes; and (3) telomeric loca-
tions of translocational breakpoints and deletional
sites, especially in 14q23.

DELETION OF CHROMOSOME 13Q
Deletion of chromosome 13q is the most common
recurrent chromosomal abnormality in myeloma. It is
detected in 15–20% of myeloma by CC,21 50% of cases
by interphase FISH in newly diagnosed myeloma
patients,22 and 30–45% of cases of MGUS.23,24 The prog-
nostic significance of loss of 13q identified by FISH alone
has been the subject of considerable debate. Several
studies based on molecular cytogenetics have shown
that this abnormality is strongly associated with an
unfavorable prognosis.23,25–32 It correlates with advanced
stage, elevated �2-microglobulin, increased percentage
of plasma cells, increased proliferative rate, and reduced
overall survival. However, a multivariate analysis identi-
fied t(4;14), t(14;16), and the deletion of 17p13 as inde-
pendent predictors of survival, while loss of 13q was
found to be of only borderline significance.33

Chromosome 13 abnormalities are frequently asso-
ciated with other chromosomal aberrations. It was
observed that, while all patients carrying transloca-
tions involving the IgH locus, such as t(4;14) and
t(14;16), also had loss of chromosome 13, del(13q), the
reverse was not true.24,34 This suggests the possibility
that del(13q) occurred before the IgH translocation
events, perhaps as an early oncogenic change. A role
for monosomy 13 in the transformation of MGUS to
myeloma has also been proposed, supported by a
higher incidence of monosomy 13 in myeloma cases
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with preexisting MGUS (70%) compared with those
cases without such a history (31%).35 Moreover, in 18
asymptomatic, untreated patients with MGUS studied
serially with both CC and FISH over 6–72 months
(median 30 months), del(13q14) was identified in 5
patients over the course of the study, but in only 1 of
these patients was the del(13q) detected at diagnosis.
All five patients proceeded to develop multiple
myeloma (MM) 6–12 months after 13q deletion iden-
tification, whereas only 2/13 patients without evi-
dence of del(13q) transformed to MM.

The majority of chromosome 13 abnormalities
(92%) are complete monosomies,22 with the remain-
ing being partial deletions.

IGH SWITCH TRANSLOCATION
The most common structural chromosomal abnormal-
ity in myeloma is IgH switch translocation, involving
the IgH gene locus on chromosome 14q32. Using

interphase FISH, its incidence is 50% in MGUS,
60–75% in multiple myeloma, and more than 80% in
plasma cell leukemia.35–38 There is a large array of non-
immunoglobulin translocation partners, with the
most common ones being 11q13, 4p16.3, 16q23, and
6q23. Cloning of the breakpoints of these genes has
shown that they contain candidate oncogenes. As the
oncogenes are translocated to der(14), they may be
activated while under the control of IgH enhancers.

Chromosome 11q13
t(11;14) is observed in 15–20% of myeloma by
FISH.39,40 In particular, it is much more common in
IgM, IgE, and nonsecretory myeloma. The breakpoints
are widely scattered over a region 100–330 kb cen-
tromeric to cyclin D1, in contrast to mantle cell lym-
phoma, where the breakpoints are tightly clustered
within 110 kb upstream of cyclin D1.41 Cyclin D is
likely to be a candidate oncogene, as supported by its
being overexpressed in myeloma patients and cell
lines with t(11;14).

Early studies suggested that t(11;14) was associated
with a poor prognosis.24,25,40,42 However, subsequent
studies by interphase FISH have not confirmed the
prognostic relationship.40 A t(11;14) has been associ-
ated with a specific plasma cell morphology. Robillard
et al. described an association between CD20 positiv-
ity, small mature plasma cell morphology, and
t(11;14).1 Another study showed an association
between t(11;14) and a lymphoplasmacytoid mor-
phology.43 There also appeared to be a link between
this morphologic subtype of MM, the t(11;14), and
nonsecretory MM.43

Chromosome 4p
t(4;14)(p16;q32) is present in about 15% of myeloma
patients and 2–6% of patients with MGUS.44,45 It is
detectable only by molecular cytogenetics due to its
extreme telomeric position. Consequent to this translo-
cation, FGFR3 (fibroblast growth factor receptor 3) from
der(14) and MMSET from der(4) localized in the break-
point regions are overexpressed.46,47 FGFR3 is a member
of fibroblast growth factor receptor tyrosine kinases. Its
mutation is shown to cause constitutive activation of
the receptor in neonatal thanatropic dysplasia.48

Similarly, in myeloma with t(4;14), it is constitutively
activated.47

The second putative oncogene in t(4;14) is
MMSET/WHSC1. It is a candidate gene for a multiple
malformation syndrome known as Wolf–Hirschhorn
syndrome. Among myeloma patients with t(4;14),
approximately 32% lack FGFR3 expression, yet express
MMSET, supporting its role in oncogenesis.49,50

The t(4;14) has been shown to confer a poor prog-
nosis. Fonseca et al.33 reported that patients in whom
this translocation had been identified, using cIg-FISH,
had a significantly shorter survival (26 months vs 45
months). However, Rasmussen et al. did not find any
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Figure 81.6 Multiple myeloma karyotype: Top panel
shows G-banded karyotype with extra copies of chromo-
somes 5, 7, 9, 15, and 19, loss of the Y chromosome,
monosomy 13, and complex unbalanced rearrangements
involving chromosomes 16, 17, and 20. The complex
der(16) and cryptic t(8;21) were identified only on M-FISH
(shown in the bottom panel). The t(8;21) breakpoint on 8q
is at the site of the MYC gene



correlation between outcome and FGFR3 overexpres-
sion,51 and FGFR3 overexpression was identified in
only 74% of patients with t(4;14) by Keats et al.50 In
the latter study, t(4;14) predicted poor survival, irre-
spective of FGFR3 expression.

Chromosome 16p
t(14;16)(q32;23) occurs in about 5% of myeloma.52,53

Its breakpoint is dispersed in a region centromeric and
telomeric to the candidate oncogene c-maf, which is
shown to be overexpressed in myeloma cell lines with
this particular translocation.54

Chromosome 6p
The t(6;14)(p25;q32) is present in 18% of myeloma cell
lines and 5% of primary myeloma tumors.55 This
translocation places the IgH locus close to the MUM1
(multiple myeloma oncogene 1)/interferon regulatory
factor 4 (IRF4) gene, which is overexpressed in
myeloma cell lines. MUM1/IRF4 belongs to the family
of interferon regulatory factors (IRF) that regulate B-
cell proliferation and differentiation, and have in vitro
oncogenic activity.

Other chromosomal partners
Other recurrent chromosome partners in switch
translocation include chromosome 8q24, 1q, and
9p13, with their corresponding potential candidate
oncogene c-myc, IRA1 and 2, and Pax 5. Pax 5 acts as a
transcriptional activator and repressor, and is essential
in B-cell development.56

Switch translocations—implication for pathogenesis
Thirty to fifty percent of multiple myeloma is preceded
by MGUS. As indicated earlier, the incidence of the
chromosome 14q23 translocation increases from 47%
in MGUS, to 60% in intramedullary myeloma and
70–80% in plasma cell leukemia.35,38 It occurs in the
premalignant stage (MGUS) and is stable within the
myeloma population of each tumor. It is proposed to be
the primary translocation that initiates oncogenesis.57

Conversely, changes such as complex c-myc transloca-
tions that do not occur in MGUS and tend to be hetero-
geneous within tumors are probably secondary/late
events that contribute to disease progression.

NUMERICAL CHANGES
Numerical changes are common in myeloma, occur-
ring in 89–90% of cases using conventional and
molecular cytogenetics.26 They are divided into
“hypodipoid/pseudodiploid” and “hyperdiploid”
changes. “Hypodiploidy” is associated with a poor
prognosis, and the common ones are loss of chromo-
somes 8, 13, 14, and X, with the most prevalent one
being monosomy 13. The common “hyperdiploidy”
identified by both CC and FISH includes trisomies 1,
3, 5, 7, 9 , 11 ,15 ,19, and 21.21,58,59 Hyperdiploidy is
associated with a good prognosis.

C-myc REARRANGEMENT
C-myc rearrangement has been found in about 15% of
myeloma and primary plasma cell leukemia in a large
cohort of patients examined by interphase FISH,60 in
50% of advanced myeloma,61 and in 55–95% of
myeloma cell lines.60,61 Those that involve the Ig loci,
i.e., t(8;14) and t(8;22), account for only 25%, with the
remaining being highly complex and heterogeneous
rearrangements with nonreciprocal translocations,
multiple deletions, and duplications. C-myc rearrange-
ments correlate with elevated �2-microglobulin, which
is a poor prognostic indicator. Its incidence in MGUS
(3%) and smoldering myeloma (4%) is much lower
than in active disease.60 For these reasons, it is reason-
able to suggest that the c-myc rearrangement is a sec-
ondary/late oncogenic event.

OTHER MOLECULAR ABERRATIONS NOT 
AFFECTING THE Ig LOCI
These include chromosomes 11q and 8 rearrange-
ments; duplication of 1q21-31; reciprocal transloca-
tion of 1q with 15p, 16p, and 5q; p53, N-ras, and K-ras
mutation; complex translocations involving three or
more chromosomes, and whole arm translocations.

Aberrations of p53, the tumor suppressor gene on
chromosome 17p13, have been postulated to play a role
in myeloma pathogenesis, with p53 deletions found to
be a predictor of poor survival.62 The p53 tumor sup-
pressor gene is involved in the control of normal cellu-
lar proliferation, differentiation, and apoptosis, as well
as DNA replication and repair. Although previous CC
studies indicated a low frequency of p53 mutations and
deletions in myeloma, 3–9%,62 molecular cytogenetic
studies have demonstrated a much higher incidence.
Monoallelic deletions of chromosome 17p involving
p53 have been detected by FISH in approximately one-
third of newly diagnosed myeloma patients, and were
also associated with reduced survival.63 Many of these
abnormalities are small interstitial deletions that are
detectable only by FISH.63 The higher frequency of p53
mutations in plasma cell leukemia and relapsed disease,
as compared with myeloma at diagnosis, may indicate
their role as a late molecular aberration in myeloma
progression.64

N-ras and K-ras mutation are rare in MGUS, indo-
lent disease, and solitary plasmacytomas, but have
been reported to occur in 10–40% of patients with
active disease, and even higher in advance disease.
With the more sensitive allele-specific amplification
method, the frequencies are higher: 55% at diagnosis
and 81% at relapse.

PROGNOSTIC SIGNIFICANCE—AN OVERVIEW
Even early CC studies demonstrated the adverse
prognostic significance of abnormal karyotypes in
myeloma.65 Patients with abnormal karyotypes are
more likely to have features of aggressive disease:
lower hemoglobin, higher �2-microglobulin, higher
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labeling index, and higher percentage of plasma cells
in the marrow (P � .0001)66 and, in long-term fol-
low-up, patients with the best outcome are those
with no evidence of cytogenetic abnormalities at
either diagnosis or relapse.31

By CC, the most consistent chromosomal abnor-
mality associated with poor prognosis is del(13q),
including both complete and partial deletions.25,27

This finding has since been confirmed in most mol-
ecular cytogenetics series.23,29,31,33 Conventional
karyotyping has also demonstrated the poor prog-
nostic significance associated with chromosome 11q
translocations, including t(11;14) translocation and
reciprocal translocations with chromosomes 8, 9,
and 12.25,42 However, this was not confirmed by
molecular cytogenetics.40 The combination of aber-
rations of both chromosomes 11 and 13 results in a
dismal outcome.25

The hyperdiploid group, comprising 30–40%, is usu-
ally considered to carry a favorable prognosis, whereas
hypodiploidy is associated with a poor prognosis.

EPIGENETIC EVENTS
An epigenetic event is defined as a genetic modifica-
tion without alterations of DNA nucleotide sequences.
Hypermethylation is an epigenetic event that is fre-
quently associated with myeloma. It leads to the inac-
tivation of genes, including death-associated protein
kinase (DAPK), SOCS1, p15, and p16.

Hypermethylation of p15 and p16 was observed in
75 and 67% of one group of myeloma patients, respec-
tively.67 Hypermethylation of p15 and p16 was associ-
ated with blastic disease in myeloma, and may be
causally related to plasmacytoma development.67

Hypermethylation of p16 was also shown to correlate
with an increased proliferative rate of plasma cells,
shorter survival, and poor outcome, albeit not as an
independent prognostic factor.68 In MGUS, the fre-
quencies of p15 and p16 hypermethylation were simi-
lar to myeloma patients, suggesting an early genetic
change rather than a late transformation event.69

GENE EXPRESSION PROFILING
The unique gene expression profile of myeloma has
allowed the identification of multitudes of genes that
could be involved in the pathogenesis of myeloma,
and that might become potential therapeutic targets.
Myeloma can be distinguished accurately from normal
plasma cells based on gene expression profiling of 120
genes; however, it is indistinguishable from MGUS by
this approach. Myeloma can be subdivided molecu-
larly into four groups (MM1–MM4) by an unsuper-
vised hierarchical clustering, with the MM4 group
being the highly proliferative myeloma cell lines and
the MM1 group consisting of MGUS and normal
plasma cells. The main difference lies in the high
expression of genes involved in cell cycling and DNA
metabolism in the MM4 subgroup,70,71 and correlates

with a high incidence of karyotypic abnormalities,
increased �2-microglobulin, and increased creatinine,
all of which are features of high-risk disease.

MYELOMA MICROENVIRONMENT

Cytogenetics and molecular studies have indicated
that multiple genetic events are implicated in the
pathogenesis of myeloma. In particular, IgH switch
translocations are proposed to be the primary event in
MGUS, with additional events contributing to trans-
formation of the malignant clone to intramedullary
myeloma. During this phase, myeloma cells produce
factors that create a bone marrow microenvironment
that is essential for survival, growth, and differentia-
tion. Subsequently, secondary translocations or dys-
regulation of oncogenes lead to growth independent
of the bone marrow milieu and a clinical course that is
aggressive with frequent extramedullary manifesta-
tion.

INTERLEUKIN 6
Interleukin 6 (IL-6) is involved in the proliferation and
differentiation of plasmablastic cells72–74 into Ig-secret-
ing mature plasma cells.75–77 This process is also depen-
dent on the interaction between fibronectin, produced
by bone marrow stromal cells (BMCLs), and receptor
VLA-4 and VLA-5 on bone marrow Ig-secreting plasma
cells.77

In multiple myeloma, IL-6 is a major autocrine and
paracrine growth factor.78–82 This is based on in vitro
and in vivo studies, which have shown that anti-IL-6
antibody almost completely inhibits proliferation of
myeloma cells. Bone marrow stroma is the predomi-
nant source of IL-6 and its secretion is upregulated by
transforming growth factor �, IL-1�, and IL-10, which
is produced by BMCLs and myeloma cells.83 IL-6 corre-
lates with disease activity in plasma cell dyscrasia.84,85

Higher levels of serum IL-6 and soluble IL-6 receptors
are associated with disease progression and poor prog-
nosis.84–86 Soluble IL-6 receptor/IL-6 complex activates
gp130 and increases the IL-6 sensitivity of myeloma
cell lines.87

Activation of the gp130 IL-6 transducer is a key signal
for myeloma proliferation. It mediates the IL-6 as well
as other myeloma growth factors/cytokines including
leukocyte inhibitory factor, OSM, IL-11, and CNTF. 

Other cytokines interact with IL-6 and influence
myeloma growth. IL-1�, IL-2, IL-4, and IL-10 induce
partial differentiation of B cells to normal plasmablastic
cells. Interferon alpha has differing effects on myeloma,
depending on the surface receptors on myeloma cells. It
stimulates IL-6-dependent proliferation in some
myeloma cell lines, but prolongs the plateau phase in
patients responsive to therapy. Interferon gamma is a
potent inhibitor of myeloma proliferation via down-
regulation of IL-6 receptor complex.

Chapter 81 ■ Molecular Biology, Pathology, and Cytogenetics 853



TUMOR NECROSIS FACTOR ALPHA
The major effect of tumor necrosis factor alpha (TNF-�)
is stimulation of IL-6 production in BMSCs. It upregu-
lates the adhesion molecules on myeloma and BMSCs,
and hence triggers IL-6 secretion from BMSCs via acti-
vation of NF-�B.88,89 TNF-� induces modest prolifera-
tion of myeloma cells via mitogen-activated protein
kinase (MAPK)/ERK activation and not Stat3. It is possi-
bly through the inhibition of the TNF-� pathway that
proteosome inhibitors and thalidomide have their ther-
apeutic effects. It also protects myeloma cells against
drug-induced apoptosis.90

VASCULAR ENDOTHELIAL GROWTH FACTOR
Neovascularization is an important pathogenetic factor
of myeloma. Increased bone marrow angiogensis corre-
lates with disease progression.18,91–98 Vascular endothe-
lial growth factor (VEGF) plays an important role in
neovascularization of myeloma. It regulates endothe-
lial cell function, vessel budding, and tube formation.
In particular, it stimulates migration and proliferation
of myeloma cells in an autocrine and paracrine loop.99
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VEGF is produced by myeloma cells and BMCLs that
are adhered to myeloma cells. It also augments the
secretion of IL-6 by BMCLs.

INSULIN GROWTH FACTOR-I
Insulin growth factor is an autocrine growth factor and
migratory factor of myeloma cells. It activates predom-
inantly the phosphoinositol 3-kinase (PI-3K) signaling
pathway, with some contribution to the MAPK path-
way. It stimulates proliferation, inhibits apoptosis, and
enhances migration through endothelial cells and
BMCLs.100–102

MACROPHAGE INFLAMMATORY PROTEIN-1 ALPHA
Macrophage inflammatory protein-1 alpha (MIP-1�) is
a chemokine that belongs to the RANTES (regulated on
activation, normal T expressed and secreted) family of
chemokines. Its role in myeloma lytic lesions is well
described. More recently, it is shown that it has been
correlated with tumor burden and survival in myeloma
patients.103,104
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Multiple myeloma is, with rare exceptions, a systemic
disease. The neoplastic plasma cells cause various organ
dysfunctions through tumor cell invasion and, more
importantly, through the pathologic effects of the mon-
oclonal immunoglobulins (Ig) and/or free Ig light
chains. In addition, myeloma cells secrete, and stimulate
normal stromal cells in the bone marrow microenviron-
ment to secrete, a host of cytokines that mediate various
biologic effects. Thus, patients with multiple myeloma
may exhibit an array of clinical manifestations.

PRESENTING FEATURES

Despite increasing awareness of this disease entity and
advances in the diagnostic technology that have led to
early diagnosis, the major presenting features in most
patients remain remarkably consistent. Table 82.1 sum-
marizes the initial findings in groups of patients seen at
various periods of time in the last three to four
decades.1–3 The findings in a small group of young and
older patients are also included for comparison.4,5 The
most frequent presentations are symptoms arising from
myeloma involvement of bone and the bone marrow.

BONE PAIN
Bone pain is the most frequent presenting symptom.
It may precede the diagnosis for months. It most com-
monly begins in the back and lower chest, less often
in the ribs or extremities. Back pain is usually insidi-
ous, and is aggravated by weight bearing and move-
ment. Acute exacerbation of back pain often occurs
with compression fractures of the vertebrae. The chest
pain from rib lesions is generally mild, aggravated by
movement and position, but may be pleuritic and
associated with dyspnea, particularly when rib fracture
or pleural effusion develops. Bone pain may become
severe when pathologic fracture occurs spontaneously
or with trivial trauma. Physical examination may illicit
bone tenderness of the affected regions. Radicular pain

and paresthesia along the dermatome distribution
may precede the onset of motor weakness or loss of
sphincter control from spinal cord or nerve root com-
pression, and are important warning signs to look for
clinically.

SYSTEMIC SYMPTOMS AND SIGNS
Weakness, fatigue, anorexia, palpitation, and dyspnea
on exertion are common symptoms of anemia. The
onset is insidious. The symptoms are generally mild,
but worsen with the development of renal insufficiency.
Symptoms of renal failure may supervene, including
periorbital and dependent edema. In hypercalcemic
patients, nausea, vomiting, constipation, polyuria,
polydipsia, headache, and lethargy may develop.

FEVER AND INFECTION
Fever from myeloma occurs in �1% of patients.1,2 Its
presence demands workup for infection. Infection
occurs in about 10% of patients, but the incidence
almost doubles in those older than 75 years.5 Recurrent
pneumonia, sinusitis, and urinary tract infections may
precede the diagnosis. In untreated patients with infec-
tion, Gram-positive organisms predominate.

RENAL FAILURE
Renal insufficiency (serum creatinine �2 mg/dL) is
present in 20–30% of patients at diagnosis.1–7 This may
be an underestimation. In a study of more than 1300
newly diagnosed patients, the frequency of renal fail-
ure increased from 31 to 49%, when the creatinine
clearance was also measured.6 Renal failure affected
24% of patients with IgG, 31% with IgA, 100% with
IgD, and 52% with light-chain myeloma. Advanced
age, late disease stage, heavy light-chain proteinuria,
and hypercalcemia were identified as risk factors.6

Occasionally, severe acute renal failure is the first man-
ifestation of myeloma. This is often precipitated by
confounding events, such as dehydration, infection,
and hypercalcemia.8–10 Over the course of the disease,
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over 50% of patients will develop renal failure from
myeloma. Renal failure may also be due to hyperten-
sion, diabetes, or other comorbid conditions in older
patients. Detailed urinalysis is required to differentiate
various forms of myeloma renal diseases. Myeloma
cells may be detected in the urine sediment.11

LESS COMMON PRESENTATIONS
Bleeding manifestations and symptoms related to
polyneuropathy, hyperviscosity, and amyloidosis are
present occasionally at diagnosis.

CLINICAL MANIFESTATIONS
AND PATHOPHYSIOLOGY

Multiple myeloma may involve practically every organ
system. Myeloma cells, originating from postgerminal
center B lymphocytes (see Chapter 81), proliferate pri-
marily in the bone marrow microenvironment. Thus,
hematopoietic tissues and the skeletal system are uni-
formly affected at the earliest stage of disease.

BLOOD AND BONE MARROW CHANGES
Anemia is present in 60–80% of patients at presenta-
tion.1–5 It is usually mild to moderate in severity and is
normocytic, normochromic in morphology. The ane-
mia has the characteristics of anemia of chronic inflam-
mation (formerly anemia of chronic disease) with low
serum iron, decreased transferrin saturation, and ele-
vated ferritin. The reticulocyte count is low, reflecting a
hypoproliferative state. A bone marrow examination
commonly reveals erythroid hypoplasia and a varying

degree of myeloma cell infiltration. The pathogenetic
mechanisms of anemia in myeloma are beginning to
be elucidated. Inflammatory cytokines, including
interleukin-1 (IL-1), tumor necrosis factors (TNFs),
and IL-6, often elevated in myeloma patients, suppress
hematopoiesis.12 Within the bone marrow microenvi-
ronment, myeloma cells, expressing high levels of cell
surface Fas-L and TNF-related apoptosis-including lig-
and (TRAIL), induce apoptosis of the surrounding
immature erythroblasts by binding to the respective
death receptors on erythroblasts.13 The increased level
of IL-6 induces excessive hepatic production of hep-
cidin, which inhibits the intestinal iron absorption and
release of iron from reticuloendothelial cells, thus inter-
fering with the iron use.14 In addition, inappropriate
erythropoietin response, seen in 25% of patients (and
more often as the disease progresses), contributes to the
development of anemia, which frequently responds to
erythropoietin treatment.15,16 In addition to inflamma-
tory cytokines, hyperviscosity may be a cause of the
blunted erythropoietin response.12,17 Finally, in some
patients, the degree of anemia is accentuated because of
an expanded plasma volume,18 which in turn is likely a
consequence of an increased level of IL-6.19

Severe anemia can occur particularly in patients who
have renal failure. Macrocytic anemia with an elevated
mean corpuscular volume is seen in up to 20% of
patients.20 A few patients may have concomitant folate
or vitamin B12 deficiencies, but most have macrocytosis
of unknown cause.20 On the other hand, microcytic,
iron-deficiency anemia can develop from gastrointesti-
nal (GI) bleeding in patients who have amyloid involve-
ment of the GI tract. RBC rouleaux formation and high
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Clinical features 1960–71 (1)a 1985–98 (2) 1972–86 (3) 1987–90 (3) Age �40 (4) Age �75 (5)

Table 82.1 Changing presenting features in multiple myeloma

Symptoms
Bone pain 68% 58 60 37 66 62
Weakness, fatigue – 32 65 42 33 –
Infection 12 – 10 12 11 20
Hemorrhage 7 – 4 2 – –

Signs
Hepatomegaly 21 4 30 32 �5 –
Splenomegaly 5 1 3 2 �5 –
Lymphadenopathy 4 1 4 1 �5 –

Laboratory findings
Anemia (Hb �12 g/dL) 62 73 61 39 60 32 (�10 g/dL)
Leukopenia (�4000/	L) 16 20 5 7 18 28 (�2, 500/mL)
Thrombocytopenia 13 5 11 3 4 5
(�100,000/	L)
Hypercalcemia 30 28 20 18 30 17
Creatinine �2mg/dL 30 19 14 10 29 35

Previous MGUS – 20 – – – –

Incidental diagnosis – – 14 34 – –

aNumbers in parentheses in the first row indicate references.



erythrocyte sedimentation rate are characteristically
seen in patients with high monoclonal protein. Rarely,
Howell–Jolly bodies may be present in patients with
massive amyloid infiltration of the spleen.

Leukopenia and thrombocytopenia occur in 10–15%
of patients at diagnosis. In some, thrombocytosis
develops, presumably from the thrombopoietic effect
of IL-6.1,2,21 This occurs more often in patients with
osteosclerotic myeloma. Occasional plasma cells or
plasmacytoid lymphocytes can be seen in the periph-
eral blood smear. A marked increase in plasma cells,
20% of leukocytes or �2000/	L, is seen in rare cases of
primary plasma cell leukemia and more commonly in
the terminal phase of myeloma.22

The bone marrow shows myeloma cell infiltration
that varies from 10% to total replacement. Myeloma
cells are morphologically monomorphic with large,
round nuclei and an open chromatin pattern. This is in
contrast to reactive plasmacytosis, in which a heteroge-
neous population of plasma/plasmacytoid cells with
variously sized nuclei and condensed chromatin is
seen. In some cases, plasmablastic morphology may
predominate and predicts a poorer outcome.23 On the
bone marrow section, the pattern of myeloma cell infil-
tration may be diffuse, interstitial, or focal. These pat-
terns appear to be of prognostic significance.24 Some
degree of fibrosis, unaccompanied by characteristic fea-
tures of myeloid metaplasia, is found in up to 10% of
patients but has no apparent effect on the clinical
course of disease.24,25 With special staining, increased
microvascular density can be seen in patients with
advanced disease and is a poor prognostic factor.26

BLOOD CHEMISTRIES
Abnormalities in blood chemistries reflect various organ
dysfunctions and metabolic derangements and include
elevated blood urea nitrogen, serum creatinine, calcium,
and hepatic enzymes. Serum albumin level is often
depressed consequent to specific transcriptional down-
regulation of the albumin gene by IL-6 and other inflam-
matory cytokines.27,28 The severity of hypoalbuminemia,
correlated with the stage of disease, is an important prog-
nostic factor.29 C-reactive protein, a surrogate marker for
IL-6, and �2-microglobulin, a marker for myeloma tumor
load, are increased in some patients.30 Elevated levels of
serum lactic dehydrogenase, seen in 11% of untreated
patients and more frequently in patients with high
tumor mass, predict for chemoresistance and a shorter
survival.31 A large amount of paraprotein in the serum
causes reduced anion gap, “spurious” hyponatremia, and
rarely, “spurious” hypercalcemia due to the binding of
calcium by paraproteins.32

HEMOSTATIC DEFECTS
Prothrombin time and partial thromboplastin time are
generally normal. A prolonged thrombin time, however,
is the most frequent abnormal coagulation finding in
patients with myeloma.33 It is occasionally associated

with bleeding diathesis, manifested as epistaxis, ecchy-
mosis, hematoma, or postsurgical bleeding, but more
often it is asymptomatic. The underlying cause is the
interference of fibrin monomer polymerization by para-
proteins.34,35 A heparin-like anticoagulant, unrelated to
monoclonal protein, was also reported in some
patients.36 Rarely, specific inhibitors to coagulation fac-
tors, such as factor VIII, and reduced plasma concentra-
tion of fibrinogen, factors II, V, VII, VIII, X, and XI were
reported.33,37 Acquired factor X deficiency, due to absorp-
tion and rapid clearance of factor X by the amyloid fib-
rils, was seen in a few patients with amyloid light chain
(AL) amyloidosis.38 Bleeding time may be prolonged, and
platelet aggregation, adhesion, and platelet factor III
activity may be reduced, possibly from the coating of
paraprotein on platelet surface. This abnormality is clini-
cally significant in patients with paraprotein concentra-
tion in excess of 5 g/dL.39 Rarely, an acquired von
Willebrand syndrome may develop. Monoclonal pro-
teins either bind to von Willebrand factor itself, or inter-
fere with its binding to platelet glycoprotein, or inhibit
the binding of fibrinogen to platelets.40,41

MYELOMA BONE DISEASE AND HYPERCALCEMIA
Hypercalcemia occurs in 20–30% of patients at diag-
nosis, often in association with skeletal system
involvement. In a recent large series, radiographs at
diagnosis were abnormal in 79% of patients, with dis-
crete lytic lesions in 66% and diffuse osteoporosis in
22%. Osteosclerotic lesions occurred in about 0.5% of
patients and are associated with POEMS syndrome in
some patients.2,42

MYELOMA RENAL DISEASES
The renal failure in myeloma may take one of several
forms (Table 82.2) and is often multifactorial in an
individual patient. Specific myeloma-related processes
affect renal tubular and/or glomerular functions. Direct
invasion of renal parenchyma by myeloma cells occurs
rarely and mostly in the terminal phase of the disease.

TUBULAR DYSFUNCTION
Free light chains (Bence Jones protein) play a crucial
role in causing renal damage in myeloma patients. The
nephrotoxicity of certain light chains has previously
been demonstrated. Incubation of light chain with
renal cortical tissue slides inhibited organic ion trans-
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Table 82.2 Renal dysfunctions

Reversible Irreversible (mostly)

Volume depletion Myeloma cast nephropathy

Hypercalcemia Renal amyloidosis

Hyperuricemia Immunoglobulin deposition 
Renal tubular acidosis diseases
Hyperviscosity syndrome Myeloma cell infiltration
Pyelonephritis



port, gluconeogenesis, and ammonia formation,43

while microperfusion of nephrons with light chain
isolated from myeloma patients with renal failure, but
not those with normal renal function, led to obstruc-
tion of the distal tubules and cast formation.44

Furthermore, intraperitoneal injection of light chains
from myeloma patients with a variety of renal lesions
reproduced similar lesions in mice in 22 of 27 cases.
Light chains from patients without renal disease were
much less likely (4/13) to induce renal lesions.45 Thus,
the properties of any particular light chain dictate the
nature of renal damage in myeloma renal diseases.

Myeloma cast nephropathy
Myeloma cast nephropathy (MCN) is the most common
form of myeloma renal disease and frequently progresses
to chronic renal failure. It is often precipitated by dehy-
dration, hypercalcemia, and use of diuretics or nons-
teroidal anti-inflammatory drugs, all causing a reduction
in glomerular filtration. Renal failure is reversible in
about 50% of patients.8–10,46 The physical basis for light-
chain nephrotoxicity has not been elucidated. The ini-
tial finding that the isoelectric point of light chain was
the determinant for its nephrotoxicity has not been con-
firmed.45,47 Nevertheless, coprecipitation of light chain
and Tamm-Horsfall protein in distal tubules leads to
obstructing cast formation, tubular atrophy, disruption
of the basement membrane, interstitial inflammation
and fibrosis and eventually nephrosclerosis, all features
characteristic of “myeloma kidney”.46,48

Acquired Fanconi syndrome
Acquired Fanconi syndrome occurs rarely. It may pre-
cede overt myeloma for years.46,49 Patients may have
azotemia and various degrees of proteinuria, glyco-
suria, aminoaciduria, and phosphaturia. On renal
biopsy, the damaged proximal tubular cells show
atrophic changes and contain crystalline cytoplasmic
inclusions without overt lesions of cast nephropathy.
This syndrome is almost always associated with � light-
chain proteinuria. Recent analysis of light chains in
these patients showed a preferential involvement of
V�1 subgroup of limited germline origin. This light-
chain V domain contains unusual hydrophobic
sequences that are resistant to proteolysis by lysosomal
cathepsin B. The accumulation of indigestible nephro-
toxic light chains in proximal tubular cells provides a
plausible explanation for the functional impairment.50

Distal tubular dysfunction
Distal tubular dysfunction with impairment in urinary
acidification and concentration may occur as a part of
renal failure or rarely as an isolated defect.46,49

GLOMERULAR DYSFUNCTION
Monoclonal immunoglobulin deposition disease
Direct deposition of monoclonal light chain and/or,
more rarely, fragments of heavy chain may lead to

renal failure in myeloma patients.51–53 Renal biopsy
reveals nodular sclerosing glomerulopathy. Glomeruli
are enlarged with a diffuse and nodular expansion of
the mesangial matrix, with little thickening in
glomerular basement membrane (GBM). Variable
degrees of tubular basement membrane (TBM) thick-
ening, tubular atrophy, and interstitial fibrosis are also
present. Immunofluorescent staining shows linear
monoclonal light-chain deposit in GBM and TBM in
light-chain deposition disease (LCDD). In heavy-chain
deposition disease (HCDD) or mixed light/heavy-
chain disease (LHCDD), heavy-chain fragment and
complement deposits are also present. In about 80% of
LCDD, the light chain is of � isotype.54 Both � and � are
seen in HCDD, while CH1 constant domain appears to
be deleted in the deposits of heavy-chain fragment.55

Commonly, a mixed picture of LCDD and MCN is pre-
sent. Compared with MCN, monoclonal immunoglob-
ulin deposition disease (MIDD) is more likely to lead to
nephrotic syndrome, and may precede the diagnosis of
myeloma. Systemic light-chain deposition in other
organs may occur in some patients.51 The incidence of
LCDD appears low. However, in a series of 118
myeloma patients with renal failure who underwent
renal biopsy, LCDD was found in 19%.53

Renal amyloidosis (see also Chapter 90)
Amyloidosis occurs in 7–10% of patients with
myeloma.1 The most common renal manifestation is
nonspecific proteinuria, although microscopic hema-
turia may occur. About 25% of patients with AL amy-
loidosis have serum creatinine values �2 mg/dL. The
glomerular filtration rate may be reduced in 50% of
patients. About 15% of patients show clinical
nephrotic syndrome.56 Among 118 myeloma patients
with renal failure and a renal biopsy, renal amyloidosis
was found in 25%.53 The kidney size is usually normal
or slightly enlarged on imaging studies, but small, con-
tracted kidneys can be seen. Renal biopsy shows amy-
loid deposition in glomerular mesangium and GBM.
Amyloid material stains with Congo red and exhibits
apple-green birefringence on polarized light. Electron
micrographs reveal characteristic nonbranching fibrils
with a distinct diameter of 7.5–10 nm.57

NEUROLOGIC MANIFESTATIONS
Neurologic dysfunctions in patients with myeloma
may result directly from tumor invasion or indirectly
from the effects of myeloma proteins. In addition,
metabolic derangements, hypercalcemia, hyperviscos-
ity, and uremia affect neurologic functions (Table 82.3).

SPINAL CORD COMPRESSION AND RADICULOPATHY
Extension of vertebral body plasmacytoma and col-
lapse of bony structures lead to compression of the
spinal cord or dorsal roots by epidural tumors.
Occasionally, paravertebral tumor invades the spinal
canal through intervertebral foramina. The incidence
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of this complication is about 15%.58,59 The thoracic
spine is more commonly involved. IgA myeloma and
extensive cortical bone involvement appear to pose a
greater risk.59 Plain radiographs of the spine may
reveal vertebral collapse and/or vertebral or paraverte-
bral masses. Uncommon neurologic manifestations
may occur with cranial plasmacytoma, either as a part
of multiple myeloma or as a solitary lesion.

MENINGEAL INVOLVEMENT
Meningeal myelomatosis occurs rarely. Limited reports
have recently been reviewed.60 Patients may experi-
ence headache, mentation changes, multiple cranial
nerve palsies, and speech and gait disturbances.61 IgD
and IgA myelomas appear to be overrepresented in
these cases. Advanced stage with high tumor-labeling
index, and, in particular, plasma cell leukemia (19%)
are common causes of central nervous system (CNS)
disease. Specific laboratory findings include the pres-
ence of myeloma cells62 and paraprotein in the cere-
brospinal fluid (CSF).63

PERIPHERAL NEUROPATHIES
Peripheral polyneuropathy develops in 1–8% of
patients with myeloma.64,65 The true incidence may be
higher because of a high proportion of subclinical dis-
ease as suggested by electrodiagnostic studies.66 The
neuropathy may be sensory, motor, or sensorimotor,
and consists of a heterogeneous group of disorders
detailed below.

Osteosclerotic myeloma and POEMS syndrome
Osteosclerotic bone lesions are seen in about 3% of
patients with multiple myeloma.67,68 Patients with
osteosclerotic myeloma are on average about 10 years
younger than those with classic myeloma, with a
mean age at diagnosis of 55 years. Male gender pre-
dominates. The incidence of anemia, renal failure,
hypercalcemia, and bone pain is lower than in classic
myeloma. Monoclonal protein concentration is usu-
ally low. Osteosclerotic bone lesions are often limited
in number, and bone marrow plasmacytosis is mild or
absent. Peripheral polyneuropathy, however, occurs in
40–50% of patients and may precede other symptoms
of myeloma.65,68 Similarly, multiple myeloma that is

associated with polyneuropathies occurs at a younger
age with a male predominance. In about 50% of cases,
pure osteosclerotic or mixed sclerotic/lytic bone
lesions are seen, although pure lytic lesions occur in
about 25% of patients.42,69 In both groups, the mono-
clonal IgG or IgA are almost exclusively associated
with � light-chain isotype. Clearly, these two groups of
patients exhibit similar and overlapping features.
Other unusual clinical manifestations, variably
expressed in these patients, include organomegaly,
endocrinopathy, and skin lesions. This constellation of
clinical features is emphasized by the designation of
an acronym, POEMS (plasma cell dyscrasia with
polyneuropathy, organomegaly, endocrinopathy, M
protein, and skin changes) syndrome.70,71 For uniform
diagnosis, it was recently proposed that a diagnosis of
POEMS be made when a patient meets two major cri-
teria—polyneuropathy and monoclonal plasmaprolif-
erative disorder—and one of the minor criteria—scle-
rotic bone lesions, Castleman’s disease, organomegaly
(liver, spleen, lymph nodes), endocrinopathy (adrenal,
thyroid, pituitary, gonads, parathyroid, pancreas), skin
changes (hyperpigmentation, hypertrichosis, plethora,
hemangiomata, white nails), and papilledema.72 The
POEMS syndrome is associated with various plasma
cell dyscrasias. The incidence was 1.4% in 2714
patients with plasma cell dyscrasias, excluding
myeloma.73 Five to 20% of POEMS syndrome occurs in
patients with typical myeloma with significant bone
marrow plasmacytosis. Osteosclerotic or mixed scle-
rotic/lytic bone lesions occur in 90%. In about 45% of
patients, the bone lesion is solitary.74 The neuropathy
in POEMS syndrome, form extensive demyelination
with various degree of axonal degeneration, resembles
chronic inflammatory demyelinating polyneuropathy.
In the great majority, it is a chronic, distal sensorimo-
tor neuropathy with symmetrical numbness and
dysesthesia of legs, progressively extending proxi-
mally, accompanied by ascending weakness. Reflexes
are severely depressed. Cranial nerves are spared, and
autonomic involvement is very rare.75,76

Osteolytic myeloma
Peripheral polyneuropathy also occurs in typical
myeloma and resembles paraneoplastic neuropathy
associated with other neoplasia. It is mostly a mild sen-
sorimotor neuropathy from axonal degeneration, with
some degree of segmental demyelination.76 Distal
numbness, tingling, and weakness affect the legs more
than the arms. The autonomic system is not involved.

Amyloid neuropathy
Systemic amyloidosis complicates the course of
myeloma in 7–10% of patients. Amyloid neuropathy
occurs in about 15% of patients with systemic AL amy-
loidosis.56,77 In the nervous system, amyloid may be
deposited, often focally, in epineurial and endoneurial
connective tissues and vessel walls of peripheral
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Table 82.3 Neurologic complications

Metabolic encephalopathies: hypercalcemia, hyperviscosity
syndrome, uremia

Cord compression, radiculopathy
Meningeal plasmacytosis/CNS plasmacytoma
Cryoglobulinemia (vasculitis)
Peripheral polyneuropathies

POEMS syndrome/osteosclerotic myeloma
Amyloid neuropathy
Polyneuropathy associated with myeloma 
Polyneuropathy associated with cryoglobulinemia



nerves, dorsal ganglia, and autonomic ganglia.78 Sural
nerve biopsy reveals axonal degeneration with a lesser
degree of demyelination, affecting mostly unmyeli-
nated or lightly myelinated fibers.79 The absence of
blood–nerve barrier in dorsal root and sympathetic
ganglia may predispose these sites to amyloid deposi-
tion.80 Electrodiagnostic studies show decreased action
potential amplitude, reduced sensory responses, and
normal or mildly reduced conduction velocity.81 The
neuropathy is progressive, sensory dominant, with
prominent pain and temperature sense loss. The most
common initial presentation is burning or painful
paresthesia with mild weakness of lower extremities.
Symptoms of autonomic dysfunction include ortho-
static hypotension, impotence, and urinary retention.

Carpal tunnel syndrome
The deposition of amyloid in the flexor retinaculum
entraps the median nerve. Carpel tunnel syndrome is
the most common neurologic finding in systemic amy-
loidosis. Electrodiagnostic studies show diminished
sensory action potential, prolonged distal latency, and
denervation of abductor pollicis brevis. Hand and wrist
pain and numbness and paresthesia of the middle and
radial fingers are common. Thenar muscle atrophy may
occur in severe, chronic case.

Cryoglobulinemia
About 6% of myeloma proteins are cryoglobulins.82

Cryoglobulins, especially type II and III, have been
associated with neuropathy. Mononeuropathy or
mononeuropathy multiplex may occur as a conse-
quence of vasculitis. Polyneuropathy, possibly due to
ischemic demyelination, has also been reported.83,84

In eight cases of myeloma with cryoglobulinemia,
one patient was reported to have polyneuropathy,
which improved transiently with plasmapheresis and
chemotherapy.82

SYSTEMIC AMYLOIDOSIS (SEE ALSO CHAPTER 90)
AL amyloidosis complicates the course of myeloma in
7–10% of patients.1,85 It is more commonly associated
with myeloma of � light-chain type. Amyloidogenic
light chains preferentially involve certain V� and V�

germline genes. The specific V gene is often associated
with a propensity for a specific pattern of organ infil-
tration, suggesting an organ tropism of amyloidogenic
light chain.86,87 Amyloid protein may deposit in many
organs in the body.88 Serious organ dysfunctions
develop when the kidneys, peripheral nervous sys-
tem, and heart are involved. Cardiac amyloidosis
results in arrhythmia, conduction defect, and restric-
tive cardiomyopathy. Involvement of the GI tract may
produce mobility disorders and malabsorption.
Pulmonary amyloidosis precipitates respiratory failure.
Amyloid angiopathy causes spontaneous skin and
mucosal bleeding. Amyloid may also deposit in the
skin, endocrine organs, joints, and other tissues, occa-

sionally producing a pressure effect. Rarely, cortical
bone involvement by amyloid results in pathologic
fracture.

IMMUNE DYSFUNCTION
The susceptibility to bacterial infections in patients
with myeloma has long been recognized.89 Infection
may be the presenting feature in 10% of patients.
Patients at the initiation of treatment and at relapse
are at higher risk for infection.90–92 Other risk factors
are decreased polyclonal Ig and renal failure. Gram-
positive infections are common before chemotherapy,
while Gram-negative organisms predominate after
chemotherapy.92

Multiple defects in the immune system have been
identified. The deficiencies of the uninvolved poly-
clonal Ig correlate with higher infection risks and are
likely to be the major cause of infection.93 This sec-
ondary antibody deficiency (or functional hypogammaglob-
ulinemic state) is mainly due to defective antibody pro-
duction in the immune responses to antigenic
stimulation, particularly in the primary immune
responses,90,94 though the accelerated concentration-
dependent catabolism of IgG may also be a factor.95

The underlying mechanism has been extensively stud-
ied in patients and in a murine plasmacytoma model.
In human disease, lower numbers of peripheral blood
and bone marrow B lymphocytes and plasma cell pre-
cursors, repeatedly observed in myeloma patients,
indicate a suppression of B-cell proliferation and mat-
uration. This suppression appears reversible when
myeloma is effectively treated.96,97

HYPERVISCOSITY SYNDROME
Hyperviscosity syndrome occurs in fewer than 5% of
IgG and in 5–10% of IgA myeloma patients.98,99 The
type of monoclonal immunoglobulin and the plasma
concentration are the main determinants for the
development of hyperviscosity. In one study of IgG
myeloma, hyperviscosity occurred in 4.2% of 238
patients, and in 22% of 46 patients with serum IgG
level above 5.0 g/dL.98 The IgG3 subtype, with a ten-
dency for aggregation, and unusually asymmetrical
IgG molecules with a high axial ratio, pose higher
risks.100,101 Similarly, myeloma patients with polymeric
IgA are much more likely to develop hyperviscosity
syndrome than those with the monomeric form.99,102

Hyperviscosity has also been reported in unusual cases
of light-chain myeloma.103

The circulatory disturbances resulting from hyper-
viscosity lead to various clinical manifestations.
Headache, blurred vision, reduced visual acuity, and
drowsiness are common. Occasionally, patients may
present with dementia or psychosis.104 Progressive,
severe CNS dysfunction results in obtundation, vertigo,
seizure, gait ataxia, and coma. Dyspnea may precede
overt congestive heart failure. Bleeding occurs most
commonly as epistaxis, ecchymosis, and sometimes GI
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bleeding. Fundoscopic examination, revealing charac-
teristic retinal flame-shaped hemorrhages, engorged,
tortuous, segmented retinal veins (“box-caring”), and
papilledema, should be performed initially and repeat-
edly during the course of treatment.

EXTRAMEDULLARY PLASMACYTOMA
Primary extramedullary plasmacytoma occurs rarely
and involves most commonly the upper air passages
and paranasal sinuses (90%), though a variety of
organ involvement has been reported.105 The clinical
manifestations depend on the sites of involvement.
In the head and neck region, painless or painful mass
may be the first sign. Nasal obstruction, discharge,
epistaxis, hoarseness, or hemoptysis may occur. Less
commonly involved sites include lung, GI tract,
lymph nodes, and the thyroid gland. Only about 20%
of patients will have serum monoclonal proteins, and
the bone marrow is not involved. Diagnosis is made
by histologic or cytologic demonstration of myeloma
cells in the biopsied specimen. Establishment of
monoclonality, by specific antibody staining for cyto-
plasmic immunoglobulin to show light-chain restric-
tion or immunoglobulin gene rearrangement, is
sometimes necessary to differentiate this entity from
reactive plasmacytosis. A bone survey is necessary to
exclude bone involvement, and magnetic resonance
imaging (MRI) or 18F-fluorodeoxyglucose positron
emission tomography (18F-FDG PET) may be used to
detect other soft tissue involvement.106

More commonly, extramedullary plasmacytomas
develop at the terminal phase of myeloma. A wide
variety of organs have been shown to be invaded in
postmortem examination.85 With increasingly
effective chemotherapy, more patients develop
extramedullary plasmacytoma during the late phase of
their disease.

SOLITARY PLASMACYTOMA OF BONE
Solitary plasmacytoma of bone occurs in 3–5% of
myeloma patients. It is more common in men (male-
to-female ratio 2:1) and at a younger age (50 vs 65
years). It involves mainly the axial bones, particularly
vertebrae. Local bone pain and occasionally patho-
logic fracture may be the presenting feature. Anemia,
hypercalcemia, and renal impairment are absent. A
serum monoclonal immunoglobulin, usually of low
concentration, is detected in about 50% of patients.
The bone marrow is not involved, by definition. A
bone survey should be done to exclude more extensive
disease.

The diagnostic criteria for solitary plasmacytoma of
the bone and solitary extramedullary plasmacytoma
are not well defined. Because a fraction of these
patients, presumably those with truly localized dis-
ease, appear curable with radical radiotherapy,107 strin-
gent criteria that allow precise diagnosis of a poten-
tially curable disease are needed. Questions have been

raised as to the need for using sensitive molecular tech-
niques to assess marrow involvement and for
advanced imaging methods, such as MRI or PET, to
exclude disseminated diseases. Guidelines on the diag-
nosis and treatment have recently been proposed.107

UNCOMMON MYELOMA: IGD AND IGE MYELOMA
Patients with IgD myeloma have a higher rate of renal
failure, extramedullary lesions, amyloidosis, and
leukemic manifestation. Serum paraprotein is low,
often difficult to detect, and is associated with � light
chain in more than 80% of patients. Rare IgE myeloma
also shows a tendency for developing into plasma cell
leukemia.108

CLINICAL EVALUATION

The diagnosis of myeloma may not be obvious even in
a “typical” case, as the presenting symptoms are not
specific. Increasingly, patients are referred for evalua-
tion after seeking medical attention for unexplained
anemia, neuropathy, or renal failure. Incidental finding
of a monoclonal serum protein is also becoming more
frequent. A comprehensive evaluation of patients sus-
picious for a diagnosis of myeloma starts with thor-
ough history and physical examination. The clinical
findings help to direct further investigations for the
precise diagnosis and quantification of the extent of
disease.

LABORATORY INVESTIGATION
Laboratory investigations are directed at defining vari-
ous organ dysfunctions due to myeloma, and a num-
ber of studies, required for establishing a diagnosis and
staging, should be routinely included.109

HEMATOLOGIC EVALUATION
A complete blood count with differential is required.
Optional determinations for serum iron, transferrin
saturation, and ferritin are done for patients with
microcytic indices, while serum folate and vitamin B12
level are evaluated for those with macrocytic indices.

BIOCHEMICAL EVALUATION
Serum blood urea nitrogen, creatinine, electrolytes,
and serum calcium are required tests. Serum albumin,
lactate dehydrogenase, �2-microglobulin, and C-reactive
protein (CRP) are useful prognostic markers.

IMMUNOGLOBULIN MEASUREMENTS
Serum protein electrophoresis is required for detecting
monoclonal Ig. Cellulose acetate or agarose gel elec-
trophoresis is commonly used. The latter was shown to
be more sensitive.110 A monoclonal immunoglobulin
(M spike) is identified as a discrete, homogeneous band
on electrophoresis or as spikes in the �, �, or �2 region
of the densitometer tracing. Two M proteins may occur
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rarely (biclonal gammopathy). Immunofixation is then
used to determine the isotype of the paraprotein, using
specific antibodies to �, �, 	, �, and/or � heavy-chain
isotypes and to � and � light-chain isotypes. Typing for
IgD and IgE is not routinely done and should be
requested when IgD or IgE myeloma is suspected.

Urinary protein electrophoresis should be per-
formed on an 80–100 � concentrated random sample.
Immunofixation electrophoresis more sensitive for
detecting proteins in low concentration, should also
be performed. If monoclonal free light chain is identi-
fied, a 24-h urine collection should be sent for quanti-
fying daily excretion of light chain and other proteins,
especially albumin. The urine dipstick is not sensitive
to Bence Jones protein. Urinary light chains that occa-
sionally form multiple, equally spaced bands (“ladder
pattern”) are generally polyclonal.111

BONE MARROW EXAMINATION 
(SEE ALSO CHAPTER 81)
A bone marrow aspiration and core biopsy are
required for determining the extent and the histo-
logic pattern of myeloma cell infiltration. The per-
cent myeloma cells in the marrow should be enu-
merated. In selected cases, immunocytological
studies, most commonly using immunoperoxidase
staining, are performed for demonstrating light-
chain restriction in monoclonal plasma cells. Other
markers, such as Ki-67,112 can be assessed. Optional
flow cytometric study of the bone marrow is helpful
in detailed characterization of the malignant
myeloma cells. The nuclear ploidy, S-phase frac-
tion, the expression of B-cell differentiation anti-
gens, adhesion molecules, and occasionally the
myeloid markers are of some prognostic interest. If
available, a plasma cell labeling index, usually by bro-
modeoxyuridine labeling, should be obtained for its
prognostic importance.30 Cytogenetic and fluores-
cence in situ hybridization analyses for numeric and
structural abnormalities and for specific rearrange-
ment of chromosomes should be requested whenever
possible. The cytogenetic analysis of myeloma cells
has significant prognostic value and provides a basis
for a molecularly based classification of myeloma
(Chapters 80 and 81). Abnormalities in chromosome
13 are particularly ominous.113

IMAGING STUDIES
Plain X-ray
A skeletal survey is required and should include lateral
and anteroposterior views of the skull, cervical, tho-
racic, and lumbar spines, chest, pelvis, femurs, and
humeri. Radiographs of focal lesions are needed when
clinically indicated. Myeloma involves most fre-
quently the axial bones, the sites of red marrow. On 
X-ray, multiple, osteolytic lesions may be present, and
are characteristically “punched out.” Extensive erosion

of the cortex in weight-bearing bones needs to be iden-
tified and may require urgent preventive measures to
avoid pathologic fracture.

Radionuclide scans
Diphosphonate Conventional diphosphonate radionu-
clide bone scans, depending on the osteoblastic activity
of the lesion, have a sensitivity of only 40–60% and
thus are of limited use.114,115

Tc 99m MIBI
Scanning with Tc 99m 2-methoxyisobutylisonitrile, a
lipophilic, cationic agent accumulated in metaboli-
cally active tissues and extruded from the cells through
MDR-1 p-glycoprotein, has recently been shown to
have a higher sensitivity. Diffuse bone marrow uptake
or focal enhanced bone lesions may be detected. The
latter lesions are concordant with radiographic bone
lesions in about 70% of the cases. It was suggested that
the lesions detected by Tc 99m MIBI represented active
disease sites, and the intensity of radionuclide uptake
correlated with the disease activity, as reflected by high
levels of disease markers, such as �2-microglobulin and
CRP.116–118 Its clinical utility is still experimental.

18F-FDG PET
Whole-body 18F-FDG-PET also detects diffuse and/or
focal increased uptake of radionuclide in myeloma
patients. In a study of 66 patients, a positive scan was
obtained in all 16 untreated patients with active
myeloma, including four (25%) who had a negative
radiographic bone survey.106 Extramedullary plasmacy-
toma was detected and verified by histologic examina-
tion. Importantly, tests for MGUS were negative, and
new lesions were found in relapsed patients. A compar-
ative study with Tc 99m MIBI and FDG-PET suggests
the former reflects more the extent of disease, while the
latter is more sensitive to active proliferative lesions.119

The validity of FDG-PET has yet to be determined.

COMPUTED TOMOGRAPHY
Computed tomography (CT) detects bone destruc-
tion similar to plain radiographs, but with higher
sensitivity.

MAGNETIC RESONANCE IMAGING
MRI is useful in detecting myelomatous involvement
of the bone marrow. The patterns of infiltration can be
focal, diffuse, or mixed.120 In a study of 77 patients
examined with MRIs of the thoracic and lumbar
spines, three stages of bone disease could be graded:
stage I, no focal or diffuse infiltration; stage II, �10 foci
or mild diffuse infiltration; and stage III, �10 foci or
strong diffuse infiltration. This MRI staging correlates
strongly with survival and can be used as a bone lesion
scale in Durie–Salmon staging system.121 MRI is also
useful in following bone lesions after treatment, as
plain radiographs may not show significant changes,
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even in responsive disease.122 MRI is the current imag-
ing of choice in evaluating spinal cord compression.

Imaging studies, other than plain radiography, are
not routinely used. MRI and PET appear promising,
and further investigations may find them useful in
detecting focal or residual disease and in better quanti-
fying the extent of disease.123

DIFFERENTIAL DIAGNOSIS

The required investigations detailed above assure the
gathering of sufficient information for making the
diagnosis. In most patients with symptomatic, pro-
gressive myeloma, the diagnosis is readily made by the
presence of marked bone marrow plasmacytosis, mon-
oclonal protein in serum and/or urine, and osteolytic
bone lesions, all the major criteria for myeloma. Minor
criteria, including anemia, hypercalcemia, renal insuf-
ficiency, and suppression of nonparaproteins, help
establish the diagnosis in cases where bone disease is
not obvious.124 The myeloma-related disorders, how-
ever, are a heterogeneous group, including multiple

myeloma, smoldering myeloma, indolent myeloma,
MGUS, solitary plasmacytoma of the bone,
extramedullary plasmacytoma, and plasma cell
leukemia. In addition, systemic AL amyloidosis,
Waldenstrom’s macroglobulinemia, and heavy-chain
diseases also share the features of the neoplasia of
Ig-secreting cells (see Chapters 88 and 90). The dis-
tinction among some of these disorders is not precise,
and the diagnostic criteria used vary among experts. A
number of classification systems are often used,
including that by Durie–Salmon,125 by the Mayo
group,2,126 the Southwest Oncology Group (SWOG),127

and by the British Columbia Cancer Agency.128 A com-
parison of these classification systems in 157 patients
with plasma cell dyscrasias showed that 80% of the
cases could be classified by all systems, and in 64%, the
diagnosis was concordant. Not unexpectedly, the dis-
crepancies occurred primarily among the smoldering
myeloma, indolent myeloma, and multiple myeloma
stage I groups.124 Thus, currently, the selection of a
particular diagnosis and classification system makes
relatively little difference in treatment approach.

Recent efforts by international groups aim at simpli-
fying the classification for uniform application.123,129

Recognizing that myeloma-related disorders have a
wide spectrum of overlapping features, the proposed
classification emphasizes the importance of myeloma-
related organ or tissue impairment (end-organ damage)
in the clinical course of patients and in decision mak-
ing for systemic therapy. The proposed diagnostic crite-
ria, not greatly different from current classifications,
have greater clarity.123,129 Tables 82.4–82.6 list the crite-
ria for (symptomatic) multiple myeloma, MGUS, smol-
dering (indolent or asymptomatic) myeloma, nonse-
cretory myeloma, solitary plasmacytoma of the bone,
and extramedullary plasmacytoma. In addition, plasma
cell leukemia is defined by the presence of monoclonal
plasma cells of �2000/	L in the peripheral blood and
�20% plasma cells in WBC differential count.

The biological basis for various classifications of
myeloma-related disorders is unclear. Molecular stud-
ies have shown that similar genetic alterations occur in
all variants of myeloma,130 and in gene expression pro-
filing, MGUS is not distinguishable from early
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Table 82.4 Diagnostic criteria for (symptomatic) 
multiple myeloma

(1) Tumor criteria:
Monoclonal plasma cells in the bone marrow �10%
and/or
Biopsy-documented plasmacytoma
Monoclonal protein in serum and/or urine

(2) End organ damages, one or more of the following
Calcium elevation in the blood (serum calcium 
�10.5 mg/dl or upper limit of normal)
Renal insufficiency (serum creatinine �2 mg/dl)
Anemia (hemoglobin �10 g/dl or 2 g/dl � normal)
Bone disease: lytic lesions or osteoporosis
Others: symptomatic hyperviscosity, amyloidosis, 
recurrent bacterial infections (�2 episodes in 12 months)

For patients with a solitary bone lesion or osteoporosis without frac-
ture as the sole defining criteria, �30% bone marrow plasmacytosis
is required for the diagnosis of systemic myeloma. For monoclonal
protein, no specific level is required and it is absent in non-secretory
myeloma.

MGUS SM NSMM

Table 82.5 Diagnostic criteria for monoclonal gammopathy of undetermined significance (MGUS), smoldering or 
indolent or asymptomatic myeloma (SM), and non-secretory myeloma (NSMM)

(1) Monoclonal plasma cells in the bone marrow �10% �10% �10%

(2) M-spike:
serum IgG or �3.0 g/dl �3.0 g/dl absenta

serum IgA or �2.0 g/dl; �2.0 g/dl absenta

urine Bence Jones protein �1.0 g/24 h �1.0 g/24 h absenta

(3) End organ damage absent absent presnet

aby immunofixation.
Presence of all three criteria are required for diagnosis, except in SM where only one of (1) and (2) criteria is sufficient.



myeloma.131,132 Nevertheless, the classification pro-
vides a useful framework for clinical approach to
patients with these disorders.

CONCLUDING REMARKS

Past investigations in myeloma and its related diseases
have been fruitful in delineating the pathophysiologic
processes of these disorders, and in elucidating the

basic biology of the immune system. Continued
research in this area promises to refine our under-
standing of these disorders and, more importantly, will
identify molecular targets for the next generation of
effective therapeutics.
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Solitary plasmacytoma Solitary extramedullary 
of the bone plasmacytoma

Table 82.6 Solitary plasmacytoma of the bone, solitary extramedullary plasmacytoma

Biopsy-documented plasmacytoma Bone, single sitea Extraosseous, single sitea

Monoclonal plasma cells in the bone marrow �10% Normal bone marrow

M protein in serum and/or urine Absentb Absentb

End-organ damage Absent Absent

aX-ray and MRI and/or FDG-PET imaging (if performed) should be negative outside of the primary site. 
bLow concentration of M protein may be present in some patients (and may decrease after local treatment).
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INTRODUCTION

Most of the 15,000 people per year in the United States
who develop multiple myeloma (MM)1 require some
form of treatment at the time of diagnosis. Combination
regimens incorporating alkylating agents, corticos-
teroids, and/or anthracyclines have been used for
decades, with little overall progress during that time in
terms of survival or cure rate.2, 3 High-dose chemother-
apy with autologous stem cell support (HDC/ASCS),
shown in some studies to offer a modest survival bene-
fit, is nonetheless noncurative (summarized below, and
in greater detail in Chapter 90). Thalidomide plus dex-
amethasone (TD) has recently emerged as the most
widely used front-line regimens in the United States,
and other thalidomide-containing combinations, as
well as ones incorporating bortezomib (Velcade; PS-
341) or lenalidomide (Revlimid; CC-5013), are cur-
rently being studied. New regimens are often difficult
to compare to more established therapies for a variety
of reasons. The most important endpoint of therapy,
survival, is not known for many newer regimens.
Additionally, with the exception of Melpahlan-
Prednisone-Thalidomide (MPT), newer combinations
have not been compared in a randomized fashion to
standards like Melphalan-Prednisone (MP) or
Vincristine-Doxorubicin (Adriamycin)-Dexamethasone
(VAD) (described in detail below, Tables 83.1 and 83.2).
Increasingly, surrogate endpoints are being used to
assess new agents and combinations, with some debate
as to the best indicator of clinical efficacy. Though it is
widely held that complete response (CR) rate is the best
predictor of long-term survival,4, 5 some investigators
have shown other endpoints such as time to disease
progression may correlate more strongly.6 There is the
least amount of data to support the use of partial reduc-
tion in serum or urine M-protein concentration as a
surrogate efficacy endpoint, but it is often used in
Phase II studies where the goal is often to determine if
a regimen has enough “promise” to warrant larger-
scale Phase III trials. For further discussion regarding
response assessment, please refer to Chapter 91. 

When treatment for a patient with newly diagnosed
MM is being considered, the first question the clini-
cian must ask is, “Does the patient require any treat-
ment right now?” Definite indications for therapy
include bone pain or the presence of multiple lytic
skeletal lesions, cytopenias or renal dysfunction with-
out other identifiable causes, hypercalcemia, or a high
serum or urine M-protein level. Less common manifes-
tations, such as amyloidosis or paraprotein-related
hyperviscosity, also represent indications to initiate
systemic therapy. Recently published management
guidelines emphasize that asymptomatic newly diag-
nosed myeloma (formerly termed indolent or smolder-
ing myeloma) should not be treated with cytotoxic
therapy.7 It is clear that many of these patients can be
followed for an extended period of time without inter-
vention or complications.8 At least two randomized
studies have addressed this point. In the first, a group
of Swedish investigators randomized 50 patients with
asymptomatic MM to either immediate or deferred
therapy with MP.9 There were no differences in
response rate, response duration, or survival, despite
the fact that therapy was started on average a year later
in the deferred-therapy arm. Riccardi et al. also found
no differences in response rate or overall survival (OS)
amongst 145 patients enrolled on a prospective study
with a similar design.10 In contrast to the Swedish
experience, patients treated at the time of disease pro-
gression had a shorter duration of response.
Thalidomide, 200–800 mg/day, has been investigated
as treatment of asymptomatic MM in a group of 29
patients at the Mayo Clinic.11 Although the majority
of patients exhibited reduction in M-protein levels,
37% of patients progressed to symptomatic myeloma
by 2 years, and 28% experienced grade 3-4 drug toxic-
ity. It is thus premature to recommend the use of
thalidomide in this setting outside of a clinical trial
designed to assess whether it retards the time to pro-
gression to overt disease compared to observation
alone. Initiation of bisphosphonates in patients with
asymptomatic MM in an effort to prevent the develop-
ment of symptomatic skeletal disease is also being
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explored,12 but there is insufficient data to support
routine use at present,13 particularly in light of the
recently recognized association between long-term bis-
phosphonate use and the uncommon but potentially
serious problem of osteonecrosis of the jaw (ONJ).14, 15

CONVENTIONAL REGIMENS FOR INITIAL 
THERAPY OF MULTIPLE MYELOMA

MELPHALAN AND OTHER ALKYLATING AGENTS
Melphalan, usually in combination with prednisone
(the “MP” regimen, Table 83.1), has been used to treat
MM since the 1960s. A small randomized study com-
paring different schedules of melphalan, with or with-
out prednisone, showed a distinct advantage in favor
of intermittent (“pulse”) melphalan with prednisone
as compared to either pulse or daily melphalan
alone,16 though not all subsequent studies have con-

firmed superiority of this schedule.17, 18 In the MP reg-
imen, the initial dose of oral melphalan is 8–9 mg/m2

daily along with prednisone 100 mg/day (or 60
mg/m2/day) for four consecutive days, approximately
every 4 weeks. While the oral administration of mel-
phalan is convenient, absorption can sometimes be
unpredictable,19 and therefore the dose may need to be
titrated upward in subsequent cycles, until modest
myelosuppression (i.e., absolute neutrophil count
�1000/MM3 weeks after the start of the cycle) is seen.
Also, in patients with renal insufficiency, pronounced
cytopenias can develop with full melphalan dosing,
and a starting dose of 4–6 mg/m2/day for 4 days is rec-
ommended, with careful monitoring of hematologic
toxicity. Objective responses, usually occurring within
the first two to three cycles of MP, can be expected in
50–60% of patients and last on average 1.5–2 years.20

Because of the low toxicity and ease of administration
of oral MP, it is often selected as the initial therapy in
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Regimen Drugs Doses Frequency

Table 83.1 Combination chemotherapy regimens for multiple myeloma

MP Melphalan 8–9 mg/m2 PO, days 1–4 q 28 days
Prednisone 60 mg/m2 (or 100 mg) PO,

days 1–4

M2 (VBMCP)31 Vincristine 0.03 mg/kg IVP, day 1 q 28 days
Carmustine (BCNU) 1 mg/kg IVPB, day 1
Melphalan 0.1 mg/kg PO, days 1–7
Cyclophosphamide 1 mg/kg IVPB, day 1
Prednisone 1 mg/kg PO, days 1–7

VMCP/VBAP34 Vincristine 1 mg IVP, day 1 q 28 days
Melphalan 5–6 mg/m2 PO, days 1–4
Cyclophosphamide 100–125 mg/m2 PO, days 1–4
Prednisone 60 mg/m2 PO, days 1–4
(alternating with)
Vincristine 1 mg IVP, day 1
Carmustine (BCNU) 30 mg/m2 IVPB, day 1
Doxorubicin 30 mg/m2 IVP, day 1
Prednisone 60 mg/m2 PO, days 1–4

ABCM77 Doxorubicin 30 mg/m2 IVP, day 1 q 5–6 weeks
Carmustine (BCNU) 30 mg/m2 IVPB, day 1 
Cyclophosphamide 100 mg/m2 PO, days 22–25
Melphalan 6 mg/m2 PO, days 22–25

EDAP44 Etoposide 100 mg/m2/day, CIV, days 1–4 q 28 days
Dexamethasone 40 mg/day IV / PO, days 1–4
Cytarabine (Ara-C) 1 g/m2 IVPB, day 5
Cisplatin 25 mg/m2/day, CIV, days 1–4

DCEP111,162 Dexamethasone 40 mg/day, IV / PO, days 1–4 q 28 days
Cyclophosphamide 400 mg/m2/day, CIV, days 1–4
Etoposide 40 mg/m2/day, CIV, days 1–4
Cisplatin 10 mg/m2/day, CIV, days 1–4

MOCCA163 Methylprednisolone 0.8 mg/kg PO, days 1–7 q 35 days
Vincristine 0.03 mg/kg IVP, day 1
Lomustine (CCNU) 40 mg PO, day 1
Cyclophosphamide 10 mg/kg IVPB, day 1
Melphalan 0.25 mg/kg PO, days 1–4



elderly patients and other patients not going on to
HDC/ASCS (see discussion below).

Oral cyclophosphamide (Cytoxan), with or without
steroids, has been shown to be equally effective as oral
melphalan.21, 22 Intravenous (IV) cyclophosphamide,
600–1200 mg/m2 every 3–6 weeks, is effective therapy
and is also a viable alternative to oral melphalan.23, 24

More intensive IV cyclophosphamide dosing, such as
600 mg/m2/day for four consecutive days, is feasible25

but not typically considered because of the effective-
ness of less-toxic lower doses. Very high-dose IV
cyclophosphamide (i.e., 4–7 g/m2 followed by G-CSF or
GM-CSF) is often used after induction to mobilize stem
cells for collection prior to HDC/ASCS.26–28 It is likely
that high-dose cyclophosphamide priming provides
additional antimyeloma effect beyond that achieved
by prior induction therapy,29 though there is no evi-
dence that this results in any benefit over priming with
growth factors alone in terms of transplant outcome.30

Many alkylator-based combination chemotherapy
regimens have been evaluated and compared to MP. A
meta-analysis showed no difference in response dura-
tion or OS in more than 6600 patients participating in
27 randomized trials,20 but two particular regimens
warrant comment. The M2 regimen (see Table 83.1)
generated interest in the United States after an Eastern
Cooperative Oncology Group (ECOG) randomized
trial demonstrated modest superiority over MP.31

Objective responses occurred in more than 70% of
patients receiving M2, but 5-year OS was an unimpres-
sive 26%. In contrast, a European study comparing
VAD and M2 did not demonstrate superior response
rate or OS for the 46 patients treated with M2.32

Interest in this regimen may be revived somewhat by
the recent report of the US Intergroup study compar-
ing VAD followed by two cycles of M2 versus VAD fol-
lowed by HDC/ASCS in more than 800 patients, dis-
cussed in detail below, in which patients treated with

Chapter 83 ■ Initial Treatment Approach to Multiple Myeloma 875

Regimen Drugs Doses Frequency

Table 83.2 Dosage schedules for VAD and related regimens

VAD37 Vincristine 0.4 mg/day, CIV, days 1–4 q 28–35 d
Doxorubicin 9 mg/m2/day, CIV, days 1–4
Dexamethasone 40 mg/d, days 1–4, 9–12, 17–20 (odd cycles)

days 1–4, 14–18 (even cycles)
(alternatively, DEX on days
1–4 and 14–18 every cycle, using a 
q 28 day schedule)

Bolus VAD164 Vincristine 0.4 mg/day, CIV, days 1–4 q 28–35 d
Doxorubicin 9 mg/m2/day, CIV, days 1–4
Dexamethasone 40 mg/day, days 1–4, 9–12, 17–20 (odd cycles)

days 1–4, 14–18 (even cycles)

DVd49 Liposomal Doxorubicin (Doxil) 40 mg/m2, IVPB, day 1 q 28 days
Vincristine 2 mg IVP, day 1
Dexamethasone 40 mg/day, PO/IV, days 1–4

VAMP42 Vincristine 0.4 mg/day, CIV, days 1–4 q 28 days
Doxorubicin 9 mg/m2/day, CIV, days 1–4
Methylprednisolone 1 g, IV/PO, days 1–5

(C-VAMP) (add Cyclophosphamide) (500 mg/m2 IVPB, days 1, 8, 15)

MOD41 Mitoxantrone 9 mg/m2/day, CIV, days 1–4 q 35 days
Vincristine 0.4 mg/day, CIV, days 1–4
Dexamethasone 40 mg/day, days 1–4, 9–12, 17–20

VND43 Vincristine 0.4 mg/day, CIV, days 1–4 q 28 days
Mitoxantrone 3 mg/m2/day, CIV, days 1–4
Dexamethasone 40 mg/day, days 1–4

VECD50 Vincristine 1.5 mg IVP, day 1 q 28 days
Epirubicin 20 mg/m2 IVP, days 2, 3
Cyclophosphamide 200 mg/m2 IVPB, days 1–3
Dexamethasone 20 mg/m2 PO/IV, days 1–5

VID54 Vincristine 1.6 mg/m2 IVP (max: 2 mg), day 1 q 28 days
Idarubicin (oral) 10 mg/m2 PO, days 1–4
Dexamethasone 40 mg/d PO/IV, days 1–4, 9–12, 17–20

Z-Dex53 Idarubicin (oral) 10 mg/m2 PO, days 1–4 q 28 days
Dexamethasone 40 mg/d PO/IV, d 1–4



M2, had equivalent overall outcomes to those getting
HDC/ASCS.33 VMCP alternating with VBAP (VMCP/
VBAP, Table 83.1) was used in the positive IFM 90
HDC/ASCS study.34 All patients received VMCP/VBAP
induction, and then patients randomized to conven-
tional therapy received additional cycles of the same
regimen. In a SWOG study comparing VMCP/VBAP to
MP, the alternating regimen demonstrated a superior
response rate (53% vs 32%) and median OS (43
months vs 23 months).35 Another randomized study
comparing these regimens, however, did not demon-
strate either a response rate or survival advantage for
VMCP/VBAP.36

VAD AND RELATED REGIMENS 
With no overall improvement in outcome seen with
the alkylator-based combination regimens developed
in the 1970s and 1980s, regimens utilizing anthracy-
clines administered by continuous infusion were
developed, with the rationale that continuous drug
exposure would more effectively target slowly cycling
plasma cells. One such regimen is VAD: vincristine 0.4
mg/day and doxorubicin (Adriamycin) 9 mg/m2/day
as a continuous infusion, with pulses of dexametha-
sone (orally or IV intravenously) 40 mg/day on days
1–4, 9–11, 17–20 in repeating 28- to 35-day cycles.37

Approximately two-thirds of previously untreated
patients will respond to VAD, usually within two to
three cycles.38–40 Unfortunately, despite the continu-
ous infusion of chemotherapy in VAD and other regi-
mens41–43 (see Table 83.2), the majority of these
responses are partial,38–40, 42, 44 as seen with earlier
bolus regimens. Also, long-term survival of nontrans-
planted myeloma patients treated with VAD is not sig-
nificantly better than that seen with MP.3, 20 VAD is a
reasonable option in patients with renal insufficiency
because, in contrast to melphalan, neither vincristine
nor doxorubicin requires dosage adjustment for
impaired creatinine clearance. The widespread popu-
larity of VAD since its advent in the 1980s until the
last few years is accounted for by another factor as
well: the dramatic increase in the use of HDC/ASCS.
Several groups have reported a clear negative impact
on stem cell mobilization and subsequent engraft-
ment (particularly platelets) from prior melphalan
therapy.45–47 Accordingly, VAD (two to four cycles) was
often the initial regimen used in patients for whom
HDC/ASCS was planned. More recently, TD has sup-
planted VAD as the most widely used regimen in such
patients.

Central line placement and use of an ambulatory
pump for regimens like VAD are inconvenient and are
associated with infections and thrombotic complica-
tions. This, and the recognition that infusional regi-
mens have not changed the overall course of MM com-
pared to MP, has led to interest in more convenient
bolus or oral variations on VAD (see Table 83.2).
Randomized studies have shown that both “bolus

VAD,” with the standard doses of each drug given as an
IV injection on days 1–4, and also the DVd regimen
have similar efficacy to traditional VAD.48, 49 DVd con-
sists of pegylated doxorubicin (Doxil™) 40 mg/m2

IVPB on day 1, Vincristine 2 mg IVP on day 1, and dex-
amethasone 40 mg/day on days 1–4. In a Phase II
study, DVd induced major responses in 88% of newly
diagnosed patients and was well tolerated overall.49 It
is noteworthy that grade 3-4 palmar-plantar ery-
throdysesthesia, a Doxil-related toxicity not seen with
traditional VAD, occurred in approximately 20% of
patients. The VECD protocol, using bolus injections of
vincristine 1.5 mg day 1 and epirubicin 20 mg/m2 days
2 and 3 with 1-hour infusions of cyclophosphamide
200 mg/m2 days 1–3 and oral dexamethasone
20 mg/m2 days 1–5, is yet another regimen with com-
parable efficacy to VAD.50 Bolus VAD or VECD are less
expensive than either standard infusional VAD51 or
DVd. In a preliminary cost analysis, DVd was shown to
be less costly than VAD if the latter was administered
on an inpatient basis.52 Given the significantly higher
drug costs associated with DVd,52 this might not hold
true at centers where both regimens are given in the
outpatient setting.

Oral VAD variants have also been developed, and
these are likely to have similar efficacy to traditional
VAD.53, 54 The lack of availability of oral anthracyclines
in the United States at present makes these less rele-
vant for standard practice, however.

HIGH-DOSE DEXAMETHASONE MONOTHERAPY
Dexamethasone, 20 mg/m2/day on days 1–4, 9–12,
and 17–20, induces responses in previously untreated
patients with MM 40–50% of the time,55, 56 suggesting
that dexamethasone accounts for most of the benefit
derived from VAD and TD (described below).
Dexamethasone monotherapy may be preferred for
frail patients, since the toxicity is generally less than
that seen with VAD or TD. Still, primary pulse dexam-
ethasone treatment is somewhat more toxic than
MP,57 and patients should be monitored closely for
specific side effects, including hyperglycemia, gas-
trointestinal bleeding, mood disorder, insomnia,
weight gain, increased susceptibility to infections, and
rarely pancreatitis.58

THALIDOMIDE AND DEXAMETHASONE
Thalidomide has activity against relapsed and refrac-
tory myeloma as a single agent59–65 and in combina-
tion with pulse dexamethasone,66, 67 with responses
noted in 25–55% of patients in various trials. In two
large Phase II studies of TD in previously untreated
patients, response rates of 64% and 72% were
reported.68, 69 Investigators from the Mayo Clinic
treated 50 patients with 200 mg of thalidomide daily
with dexamethasone 40 mg/day on days 1–4, 9–12,
and 17–20.68 In the other study, 40 patients at M.D.
Anderson Cancer Center (MDACC) were started on
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thalidomide 100–200 mg daily with dose increase to
400 mg/day allowed (median maximum dose achieved
was 200 mg/day), and dexamethasone 20 mg/m2 on
the same schedule as in the Mayo trial.69 As would be
predicted from trials involving patients with relapsed/
refractory MM,65, 66 thalidomide therapy caused neu-
ropathy, sedation, and constipation. Thrombotic com-
plications occurred in 12% and 15% of patients treated
in these two induction trials. In the MDACC study, a
25% thrombosis rate was observed in the first 24
patients treated, despite prophylaxis with 1 mg of
coumadin daily. The next 16 patients received thera-
peutic doses of coumadin or low-molecular-weight
heparin and no thrombotic events occurred.69 Based
on the results of these Phase II trials, a randomized
study comparing TD to dexamethasone alone was
undertaken by ECOG. In this study, after four cycles of
randomized therapy, patients with at least stable dis-
ease were given the option of proceeding to HDC/
ASCS. Although a statistically higher response rate was
observed in the patients treated with TD (63% vs 41%),
they also experienced more toxicity (including throm-
botic complications), without any difference in sur-
vival.70 TD induction has no negative effect on stem
cell collection and quality of subsequent engraftment
in patients treated with going on to HDC/ASCS.68, 70, 71

Conclusions regarding the long-term outcome for
patients treated with TD without subsequent HDC/
ASCS on this ECOG study are limited because almost
all patients went on to high-dose therapy. The overall
duration of response and survival for the 21 patients
continuing TD beyond four cycles were 18 and 21
months, respectively,72 similar to the rates noted in the
initial report of a large randomized trial of dexametha-
sone 
 thalidomide without HDC/ASCS (TTP: 17
months, OS: 25 months).73 These results are very simi-
lar to what one can expect from traditional cytotoxic
regimens such as VAD. This, plus the fact that this con-
venient oral regimen can be used safely prior to
HDC/ASCS or in the setting of renal insufficiency,74

has made TD the most widely used induction regimen
in the United States.

HIGH-DOSE CHEMOTHERAPY AND
AUTOLOGOUS STEM CELL SUPPORT

The role of HDC/ASCS is somewhat controversial at
present. Many clinicians consider HDC/ASCS to be the
“standard of care” for suitable candidates early in the
course of their treatment, typically after two to four
cycles of induction therapy. The data available from
published studies has recently been summarized in
overviews and management guidelines,7, 55, 75 and will
be reviewed here briefly (also, refer to Chapter 90).

A randomized trial from the Intergroupe Francophone
du Myélome (IFM) comparing HDC/ASCS to nonmye-
loablative therapy (VMCP/VBAP) demonstrated a supe-

rior outcome for those patients treated with intensive
therapy.34 In this trial involving 200 patients aged 65
years or less, the myeloablative preparative regimen
consisted of melphalan 140 mg/m2 plus 8 Gy total body
irradiation. The response rate, 5-year event-free survival
(EFS) and 5-year OS were all higher in the transplant
arm of the trial (81% vs 55%, 28% vs 10%, and 52% vs
12%, respectively). The median OS for the HDC/ASCS
arm was just over 1 year longer (57 months vs 44
months). A similar 1-year OS advantage (54 months vs
42 months) was also demonstrated in the more recent
Medical Research Council (MRC) VII trial,76 which
involved 401 patients randomized to either HDC/ASCS
or a conventional chemotherapy (“ABCM,”77 Table
83.1). The fact that the transplanted patients in the
MRC study did not do any better than those in the IFM
trial is disappointing, since the patients in the MRC
study received stem cells instead of bone marrow, and
generally received a transplant preparative regimen
(melphalan 200 mg/m2 (MEL 200)) proven to be supe-
rior to that used in the IFM study.78

Two nonrandomized studies comparing the out-
come of HDC/ASCS to historical controls also sug-
gest survival benefit from transplant. The Arkansas
group compared outcome for 123 patients treated
with the “Total Therapy I (TTI)” tandem transplant
regimen with that of matched historical controls
treated on prior Southwest Oncology Group (SWOG)
with conventional chemotherapy.79 Median EFS and
OS were 49 and 62 months in the TTI group versus
22 and 48 months in the conventionally treated
group. The Nordic Myeloma Study Group compared
the results of therapy in 274 patients treated with
HDC/ASCS and 274 matched historical controls who
would have met current criteria for HDC/ASCS.80

The intensive therapy group had a 3-year OS of
approximately 70% versus 55% in the nontransplant
group. Log-rank comparison of the survival curves
showed a difference that was highly statistically sig-
nificant. Based on the preceding data, several
experts in the field of MM have concluded that
HDC/ASCS offers some benefit over standard regi-
mens and it should be considered standard therapy
for suitable patients.7, 55

In contrast to the results of the above-mentioned
studies, a preliminary report from the PETHEMA inves-
tigators of a randomized trial comparing continued
conventional chemotherapy to HDC/ASCS (MEL 200)
in more than 200 patients who responded to initial
conventional chemotherapy showed a similar median
OS of approximately 5.5 years for both groups.81 It is
possible that the exclusion of patients who did not
respond to initial chemotherapy influenced the out-
come of this study, making the results difficult to com-
pare with those of the IFM and MRC studies. The
Dutch–Belgian Hemato-Oncology Cooperative Study
Group (HOVON) also conducted a randomized study
in which patients received either HDC/ASCS or
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“intermediate dose melphalan” (140 mg/m2). EFS and
OS were the same for each arm (21 vs 22 months, and
50 vs 47 months, respectively).82

More recently, the preliminary results of a US
Intergroup randomized study were reported, and as in
the PETHEMA trial, no survival benefit was observed.83

Following VAD induction and high-dose cyclophos-
phamide with stem cell collection, patients received
either HDC/ASCS (MEL 140 � 12 Gy TBI) or two cycles
of the M2 regimen. Eight hundred and four patients
started VAD, but only 510 were randomized after
induction. For nearly all of the almost 300 patients
who did not proceed with randomization, the reason
was failure to respond to induction therapy. Thirty-
nine patients on this trial with matched sibling donors
underwent allogeneic stem cell transplant before this
arm of the study was closed due to a high (but not sur-
prising) treatment-related mortality of 39% in the first
year. In the other two arms, there was no difference in
the response rate, 7-year progression free survival (17%
for HDC/ASCS vs 16% for chemotherapy), or 7-year OS
(37% vs 42%). Interestingly, despite the early mortality
seen in the small group of patients who underwent
allogeneic transplantation, there was a 7-year OS of
approximately 40% (very similar to that for the other
groups), with an apparent survival curve plateau sug-
gesting possible cures in some cases.33 Reasons offered
by the investigators for the lack of benefit with
HDC/ASCS include unexpectedly good outcome in the
conventional therapy arm compared to prior experi-
ence and the fact that over half of the patients pro-
gressing after M2 went on to be treated with
HDC/ASCS.33 A previously published French random-
ized study demonstrated equivalent survival for
patients randomized to treatment with HDC/ASCS as
rescue therapy upon progression, versus immediately
following conventional therapy,84 lending some cre-
dence to the latter assertion. It is possible that
improved supportive measures and postprogression
use of newer antimyeloma agents such as thalidomide
or bortzeomib could have contributed to the longer-
than-expected survival seen in this study, as well.
Regardless of the reason(s), the equivalent results with
nonmyeloablative therapy and HDC/ASCS in this
large, well-conducted study will likely complicate deci-
sion making for patients and clinicians.

It has become evident that the subset of MM
patients with deletion of all or part of chromosome 13
(�13), detected by either standard cytogenetic tech-
niques or by fluorescence in situ hybridization (FISH),
have inferior outcome compared to patients lacking
�13.85–87 Even with tandem melphalan-based autolo-
gous transplants, the 5-year OS for patients with �13 is
only 16%,85 slightly inferior to the 22% observed for
similar patients treated in another trial with the non-
myeloablative VBMCP regimen.88 With poor outcome
despite HDC/ASCS consistently demonstrated, other
treatment options ought to be explored. At our center,

we have offered patients under age 60 with �13
HDC/ASCS followed by a nonmyeloablative (“mini”)
allogeneic transplant. The rationale for this is to try
and gain “graft-versus-myeloma” benefit89, 90 without
the excessive early mortality seen with standard allo-
geneic transplantation.91, 92 There is published anecdo-
tal evidence that patients with �13 can enjoy extended
benefit after such treatment.93, 94 Variations on this
approach have been described in several published
reports.94–96 Large studies more formally evaluating the
strategy of HDC/ASCS “conditioning” followed by
nonmyeloablative allogeneic stem cell transplant are
currently underway.

All of the randomized trials of HDC/ASCS exclude
patients with markedly impaired renal function, as
well as patients older than 65–70 years. The avail-
able data suggests HDC/ASCS is possible in these
groups, 97–102 though the potential for increased
treatment-related toxicity should be recognized. For
example, a preparative regimen of melphalan 140
mg/m2 may be optimal for patients with impaired
renal function.103 It may also be desirable to use less
intensive IV melphalan (i.e., 60–140 mg/m2) in older
patients with MM to reduce toxicity.97 Such regi-
mens in older patients may be able to achieve results
comparable to those seen with more intensive trans-
plant regimens.104

New issues related to HDC continue to emerge.
Tandem autologous transplant has been shown in one
randomized trial to yield superior outcome to single
transplant,5 but there is evidence to suggest that the
subset of patients actually benefiting from a second
transplant are those not attaining a CR or nCR with
the first one and who are able to undergo the second
procedure within 6–12 months.5, 105 Given the mixed
data on single HDC/ASCS, the role of tandem trans-
plant in any patient group remains ambiguous. As allo-
geneic stem cell transplant techniques become increas-
ingly refined, the potential role of this modality will
need to be explored further. Finally, the rapid expan-
sion of novel antimyeloma agents in recent years has
led to vigorous debate as to how these agents should
be incorporated into both transplant and nontrans-
plant treatment paradigms.

NEWER REGIMENS AND NOVEL AGENTS

MELPHALAN-PREDNISONE-THALIDOMIDE
The results of two large randomized studies comparing
MP to MPT, undertaken after an Italian Phase II of MP
plus low-dose thalidomide (MPT) in patients with pre-
viously untreated MM demonstrated a remarkable
93% overall response rate (45% CR/nCR),106 have
recently reported. Palumbo et al. randomized 255
patients between the ages of 60 and 85 with
newly diagnosed MM to either MP or MPT. All
patients received six 4-week cycles of MP, and patients
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randomized to the MPT arm also received thalidomide
100 mg daily until either disease progression or unac-
ceptable toxicity.107 Patients receiving MPT had a supe-
rior overall response rate (76% vs 48%), CR/nCR rate
(28% vs 7%), and 2-year EFS rate (54% vs 27%; p 


0.0006). Three-year OS was also higher—80% for MPT
versus 64% for MP—although this difference did not
reach statistical significance. The increased efficacy of
MPT came at the price of increased toxicity, particu-
larly infectious and thrombotic complications. The
incidence of grade 3-4 nonhematologic adverse events
was 48% in the MPT arm, compared to 25% in the MP
arm (p 
 0.0002). Prior to the introduction of prophy-
lactic enoxaparin, 20% of patients receiving MPT
developed deep vein thromboses (DVTs). After enoxa-
parin 40 mg subcutaneously once daily was added, the
incidence of DVTs dropped to 3%, resulting in an over-
all incidence of 12% on this trial. The IFM compared MP
(12 cycles), MPT (thalidomide � 400 mg/day through
the end of MP), and a high-dose melphalan-based regi-
men (VAD � 2, then cyclophosphamide 3 g/m2 to mobi-
lize stem cells, then MEL(100) with ASCS � 2) in 476
patients between the ages of 65–75 with previously
untreated MM.108 The median progression-free survival
for MPT was 29 months (compared to 17 months for MP
(p � 0.0001) and 19 months for MEL(100) (p 
 0.0001)).
Median OS, which was 30 months for MP and 39
months for MEL(100), was not reached in the MPT arm
after 56 months median follow-up (p 
 0.0008 for MPT
vs MP, p 
 0.014 for MPT vs MEL(100)).

COMBINATION CHEMOTHERAPY WITH
CONCURRENT THALIDOMIDE
The addition of daily thalidomide (50 mg/day initially,
escalated to a maximum of 400 mg/day) to the DVd
regimen (described above) appears to result in greatly
enhanced antimyeloma activity in both the relapsed/
refractory and up-front settings.109 After a median of

six cycles of therapy, 46% of newly diagnosed patients
had either a CR or nCR, a rate comparable to that seen
with HDC/ASCS.34 It remains to be seen whether the
time to disease progression will be as long as that typi-
cally expected from HDC/ASCS.  The regimen is clearly
more toxic than DVd alone, requiring prophylactic
antibiotics because of high rates of infection, particu-
larly pneumonia, and also daily aspirin because of a
high rate of DVTs.109 The latter complication is not
wholly unexpected, given the higher rate of throm-
botic complications seen with TD.68, 69 Investigators at
the University of Arkansas have published their exten-
sive experience using combination chemotherapy
with thalidomide in both the up-front and relapsed
setting (Table 83.3).110–112 As in the other trials dis-
cussed, an increased rate of DVT was observed with
these combinations, particularly during concomitant
anthracycline and thalidomide administration.111, 112

Based on the results of the two randomized studies
discussed above, some clinicians have adopted MPT as
the preferred regimen for newly diagnosed MM
patients who are not going on to get HDC/ASCS and
who are judged likely to be able to tolerate the added
toxicity of the regimen compared to MP. Incorporation
of thalidomide into other combination chemotherapy
induction regimens will ultimately only be justified if
there is proven, meaningful clinical benefit that out-
weighs increases in toxicity.

BORTEZOMIB (VELCADE)
Bortezomib is the first proteasome inhibitor approved
by the FDA for treatment of relapsed–refractory MM.
In Phase II trials involving heavily pretreated patients,
including several with markedly impaired renal func-
tion, Bortezomib 1.3 mg/m2 as an IV push twice
weekly for 2 weeks followed by a week break demon-
strated a 35% overall response rate, including 10%
CR/nCR.113 Two Phase II studies in newly diagnosed
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Regimen Drugs Doses Frequency

Table 83.3 Combination regimens containing thalidomide

40 mg/day PO/IV, days 1–4, 9–12, 17–20
200–600 mg/day PO (start 100–200)

40 mg/day PO/IV, days 1–4
400 mg/day PO
10 mg/m2/day, CIV, days 1–4
10 mg/m2/day, CIV, days 1–4
400 mg/m2/day, CIV, days 1–4
40 mg/m2/day, CIV, days 1–4

40 mg/m2, IVPB, day 1
2 mg IVP, day 1
40 mg/day, PO/IV, days 1–4
200–400 mg/day PO (start 50–100)

4 mg/m2 PO, days 1–7
40 mg/m2 PO, days 1–7
100 mg/day PO

Dexamethasone
Thalidomide

Dexamethasone
Thalidomide
Cisplatin
Doxorubicin
Cyclophosphamide
Etoposide

Liposomal Doxorubicin (Doxil)
Vincristine
Dexamethasone
Thalidomide

Melphalan
Prednisone
Thalidomide

TD68,69

TD-PACE110

DVd-T109

MP-T106

q 28–35 days

q 28 days

q 28 days

q 28–35 d



myeloma suggest that the response rate may be much
higher when the drug is used in combination with
dexamethasone earlier in the disease course. Jagannath
et al. treated 32 patients with newly diagnosed MM
with standard dose bortezomib and added pulse dex-
amethasone for patients who did not achieve at least a
partial response after two cycles or a CR after four
cycles.114 The response rate to bortezomib alone was
40% after two cycles, partial responses in almost all
cases. Dexamethasone was added for 22 patients, lead-
ing to improved responses in 15 cases. The overall
response rate for the study was ultimately 88%, with
25% attaining CR/nCR. An IFM study involving 52
newly diagnosed patients treated with bortezomib plus
dexamethasone showed similarly impressive results:
66% overall response rate and 21% CR rate.115 In this
study, subsequent stem cell collection was successful
in 44 out of 44 patients in whom this was attempted,
demonstrating that bortezomib can be used as initial
therapy for patients planning to undergo HDC/ASCS.
Peripheral sensory neuropathy occurred in just under a
third of the patients enrolled on each of these two
studies, and 14% of the enrollees in the French study
had grade 2-3 neuropathy.114, 115 Bortezomib dose
reduction results in improvement of treatment-related
neuropathy in half or more of cases.114 Other investi-
gators have explored adding bortezomib to cytotoxic
chemotherapeutic combination regimens. The PAD
regimen, which combines bortezomib (1.3 mg/m2 days
1,4,8,11), infusional adriamycin (9 mg/m2/day CIV),
and dexamethasone (40 mg/d days 1-4 every cycle,
and days 8-11, 15-18 cycle 1 only), has been shown in
a large Phase II study to be both feasible and excep-
tionally active, with an overall response rate of 95%
(CR rate 24%).116 Based on the very high overall and
complete response rates seen with the PAD regimen,
some clinicians (including the author) are already
using the PAD regimen rather than VAD for the initial
treatment of MM patients presenting with renal fail-
ure. Similarly impressive response rates were noted in
a Phase I-II study of MP plus bortezomib in previously
untreated MM patients.117 For further discussion
regarding bortezomib as treatment for relapsed–refrac-
tory MM, please refer to Chapter 92. If larger studies
validate the promising results seen thus far, it is proba-
ble that in the future bortezomib will become widely
used early in the course of disease management.

LENALIDOMIDE (CC-5013; REVLIMID) 
Lenalidomide is a member of a class of thalidomide
analogues called immunmodulatory drugs, or IMiDs.
In vitro, lenalidomide modulates cytokine production
and T-lymphocyte stimulation at least 100 times more
potently than thalidomide.118, 119 Phase I trials in
relapsed–refractory patients using doses ranging from
5 mg/day to 50 mg/day have shown response rates of
40–71%, even in patients previously treated with
thalidomide.120, 121 The toxicity profile of lenalidomide

is very different than that of thalidomide, with throm-
bocytopenia and neutropenia predominating, and
essentially no sedation, constipation, or neuropathy.
The response rate among 34 patients with newly diag-
nosed MM treated with lenalidomide 25 mg daily for
21 out of every 28 days with pulse dexamethasone
(40 mg/day on days 1–4, 9–12, 17–20) was 91% (CR
6%).122 ECOG has completed accrual to a large random-
ized study of lenalidomide with two different doses of
dexamethasone, and the Southwest Oncology Group is
currently conducting a 500-person randomized, dou-
ble-blinded study comparing dexamethasone to dexam-
ethasone plus lenalidomide (LD). The results of these
two studies will establish whether LD could be an
appropriate front-line regimen for patients with MM.

DURATION OF THERAPY

The risk of some chemotherapy-associated complications
is related to cumulative lifetime dose of a given agent.
Relevant examples include cardiomyopathy and anthra-
cyclines,123 neuropathy and vinca alkyloids or thalido-
mide,124 and stem cell injury from melphalan.45–47 Thus,
the benefit of ongoing treatment must be continuously
weighed against the risk of developing potentially irre-
versible toxicities. In patients not undergoing
HDC/ASCS, initial therapy is typically continued for at
least two to four cycles beyond maximal response, unless
concern over toxicity mandates stopping sooner.
Indefinite “maintenance” with ongoing chemotherapy
is not beneficial in the case of MP125 and is not feasible
with VAD. There is insufficient data to make a recom-
mendation at this time on the optimal duration of TD
therapy (NCCN Guidelines v.1 2006; www.nccn.org/pro-
fessionals/physician_gls/PDF/myeloma.pdf), but most
clinicians continue therapy until there is evidence of
either disease progression or unacceptable toxicity. There
is data to support benefit from ongoing corticosteroids as
a form of maintenance. A SWOG trial showed that 50 mg
of prednisone every other day after achievement of max-
imal response to chemotherapy extends median dura-
tion of both remission and survival by 9 months,126 a
modest benefit which must be weighed against the
potential adverse effects of chronic steroid use in cer-
tain patients (e.g., diabetics). The preliminary findings
of a trial comparing dexamethasone maintenance
(40 mg/day for four consecutive days every month) to
observation following induction therapy confirm a
9-month improvement in time to disease progression,
but no survival advantage was found.127 Maintenance
therapy with Interferon-� (IFN) has been explored in a
multitude of trials, the results of which are summarized
in two published meta-analyses.128, 129 IFN maintenance
prolongs both response duration and OS by only 4–6
months in a minority of patients with significant toxicity
and cost, making it difficult for most clinicians to recom-
mend with enthusiasm.
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SUPPORTIVE CARE

Adjunctive measures addressing three complications
of MM—skeletal disease, anemia, and thrombosis—
deserve mention. For a more general discussion of pal-
liative care issues in hematologic malignancies, please
refer to Chapter 115.

MANAGEMENT OF SKELETAL DISEASE
Bone disease in the form of lytic lesions, pathological
fractures, or osteoporosis are present at diagnosis over
three-quarters of the time,130 ultimately leading to sig-
nificant morbidity in many patients with MM. While
external beam radiation therapy is remarkably effective
palliation for pain relief from existing lesions, it is the
localized therapy without the potential to reduce the
risk of skeletal complications outside of the radiation
port.

Bone resorption in MM results occurs due to stimu-
lation of osteoclasts, which in turn results predomi-
nantly from receptor activator of NF-�B (RANK) signal-
ing by RANK-ligand.131, 132 Bisphosphonates are
synthetic pyrophosphate analogues that inhibit osteo-
clast function directly though disruption of intracellu-
lar biochemical pathways133, 134 or induction of apopto-
sis,135 or indirectly by stimulating production of the
inhibitory RANK decoy molecule, osteoprotegerin.136

The two bisphosphonates currently approved for use in
treating MM-related bone disease are pamidronate
(Aredia) and zoledronic acid (Zometa). Pamidronate,
90 mg intravenously over 4 hours every 4 weeks, has
been shown in randomized trials to significantly
reduce the rate of skeletal complications associated
with MM compared to placebo, 28% versus 44% at 12
months, as well as delaying the median time to first
skeletal complication from 12 months to 21 months.137

This effect persisted with treatment extended out to
almost 2 years.138 It should be noted that this dose of
pamidronate can be given safely over 60–90 minutes.
Zoledronic acid is a newer bisphosphonate with 1000
times the potency of pamidronate and an even shorter
infusional time of 15 minutes. In a randomized trial
with extended follow-up, comparing zoledronic acid 4
mg every 3–4 weeks to pamidronate 90 mg, comparable
efficacy in preventing skeletal complications was
observed.139, 140 As a result of these trials, the American
Society of Clinical Oncology has released clinical
guidelines recommending the routine use of either
pamidronate or zoledronic acid for MM patients with
lytic bone lesions or myeloma-related osteopenia.13

There is no consensus on the optimal duration of bis-
phosphonate therapy, but the widespread practice of
indefinite monthly administration of these agents has
recently come under scrutiny with the recognition of
ONJ as an uncommon toxicity associated with pro-
longed bisphosphonate use.14 Patients with ONJ
develop exposed areas of chronic, nonhealing necrotic

bone in their mouths, in many cases after tooth extrac-
tion. While much work remains to be done in terms of
fully characterizing this problem, some groups have
developed treatment guidelines which reflect the cur-
rently available information on ONJ and bisphospho-
nates.15 Newer approaches to treating myeloma-related
bone disease include percutaneous kyphoplasty or verte-
broplasty of vertebral compression fractures related to
lytic lesions141, 142 or osteoporosis143; utilization of
radioactive Strontium-89144; and recombinant osteopro-
tegerin or the soluble RANK-ligand receptor, RANK-Fc,
to block the osteoclast-activating effects of endogenous
RANK-ligand in the marrow microenvironment.145, 146

MANAGEMENT OF ANEMIA
Several studies have been performed to assess the effi-
cacy of recombinant erythropoietin (rHuEPO; Epogen,
Procrit) administered subcutaneously to patients with
MM with a hemoglobin value of less than 10
g/dL.147–150 Although there were methodological flaws
making interpretation of the results of individual trials
problematic, taken together they suggest that half or
more of such patients may benefit in terms of increase
in hemoglobin concentration147–150 and reduction in
transfusion requirements.147, 150 Based on these results,
the American Society of Clinical Oncology and the
American Society of Hematology guidelines recom-
mend consideration of rHuEPO use for myeloma
patients with anemia that does not improve after initi-
ation of therapy with chemotherapy or glucocorti-
coids.151 Concurrent use of rHuEPO with either
thalidomide or lenalidomide may be associated with
an increased risk of DVTs, and therefore caution is rec-
ommended when considering its use in this setting.152

The starting dose of rHuEPO should be 150 units/kg
thrice weekly for a minimum of 4 weeks, with consid-
eration of an increase to 300 units/kg/dose for an addi-
tional 4–8 weeks if there has been less than a 1–2 g/dL
increase in hemoglobin. Forty-thousand units subcuta-
neously once weekly, with an increase to 60,000 units
as needed, is an accepted and widely used alternative.
A randomized study comparing an alternative erythro-
poietic agent, weekly darbepoetin alfa (Aranesp; dose:
2.25 	g/kg/wk), to placebo was published after the
release of these guidelines, and the results demonstrate
comparable efficacy.153 Studies evaluating administra-
tion of higher doses of darbepoetin every 2 to 3 weeks
in patients with other cancers receiving chemotherapy
suggest that less-frequent dosing is feasible,154, 155 but
at present, there is insufficient data in patients with
myeloma or other hematologic malignancies.

THROMBOSIS
Patients with MM have a high baseline incidence of
thrombotic complications—perhaps as high as 10%.156

Treatment with either thalidomide or lenalidomide in
combination with either glucocorticoids69, 70, 157, 158 or
chemotherapy111, 112, 159 appears to increase this risk.

Chapter 83 ■ Initial Treatment Approach to Multiple Myeloma 881



All MM patients receiving these IMiD-containing com-
binations should receive some form of thrombopro-
phylaxis. There is evidence to support the use of full-
dose warfarin,69 prophylactic dose enoxaparin,107 and
aspirin (ASA) 81–325 mg daily.122, 159, 158 These preven-
tative agents have not been compared head-to-head.
The favorable cost- and toxicity-profile of ASA has
made this the most attractive option for patients and
clinicians, though some experts have advocated full-
dose warfarin or enoxaparin as preferred options.160

SUMMARY

As our understanding of MM expands, treatment par-
adigms are changing. It is becoming increasingly
apparent that tumor-specific biologic features, such
as the presence of chromosome 13 abnormalities, or
patient-specific clinical factors, such as renal failure

or advanced age, result in biologically or functionally
distinct disease states, likely requiring “tailoring” of
treatment. Although cure remains an elusive goal, it
appears that for some subsets of patients, emerging
therapies may finally be starting to have an impact
on survival. For example, the addition of thalidomide
to MP clearly improves survival in older patients who
are not candidates for HDC/ASCS. Once optimal
strategies for combining thalidomide and other new
agents such as bortezomib and lenalidomide with tra-
ditional cytotoxic drugs are established, better qual-
ity (i.e., more complete) responses may be able to be
obtained without having to use HDC/ASCS. The ben-
efits of HDC/ASCS have recently been questioned
with the negative results of a large randomized US
intergroup trial, but high-dose therapy will likely
remain a part of MM therapy for the foreseeable
future, particularly as allogeneic transplant tech-
niques evolve.
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Variants of multiple myeloma consist of solitary plas-
macytoma of bone, extramedullary plasmacytoma,
multiple solitary plasmacytomas, plasma cell leukemia,
smoldering multiple myeloma, nonsecretory myeloma,
immunoglobulin (Ig) D myeloma, and POEMS syn-
drome (osteosclerotic myeloma).

SOLITARY PLASMACYTOMA OF BONE

Solitary plasmacytoma of bone is characterized by the
presence of a tumor consisting of monoclonal plasma
cells, identical to those in myeloma, and no other fea-
tures of multiple myeloma.1

CLINICAL FEATURES
Solitary plasmacytoma of bone is uncommon and occurs
in 3–5% of patients with plasma cell neoplasms. It occurs
more commonly in men than in women. The median
age at diagnosis is approximately 55 years, which is a
decade younger than that for multiple myeloma.

The most common symptom initially is pain at the
site of the skeletal lesion. Severe back pain or cord
compression may be the presenting feature. Pathologic
fractures or a soft tissue extension of a solitary plasma-
cytoma, such as in a rib, may result in a palpable mass.

The axial skeleton is more commonly involved than
is the appendicular skeleton.2 Thoracic vertebrae are
more often involved than are lumbar, sacral, or cervi-
cal vertebrae. Involvement of the distal axial skeleton
below the knees or elbows is extremely rare. The rec-
ommended laboratory tests for identifying this entity
are listed in Table 84.1.

DIAGNOSIS
The diagnosis is based on histologic evidence of a
tumor consisting of monoclonal plasma cells and the
absence of multiple myeloma on the basis of bone
marrow, radiographic, and appropriate studies of blood
and urine. Complete skeletal radiographs must show
no other lesions of multiple myeloma (Table 84.2). If
magnetic resonance imaging of the spine and pelvis

reveals skeletal lesions, the condition should be classi-
fied as smoldering multiple myeloma. Approximately
one–fourth to one–third of patients with an apparently
solitary plasmacytoma will have abnormalities on mag-
netic resonance imaging.5–7 These patients are at
greater risk for progression to multiple myeloma.
Immunofixation of serum and concentrated urine ide-
ally should have no monoclonal (M) protein, but
approximately half of the patients do have a small
amount of M protein in the serum or urine. This often
disappears after tumoricidal radiation. Most patients
with solitary plasmacytoma of bone have normal,
uninvolved immunoglobulin levels.1 There is no ane-
mia, hypercalcemia, or renal insufficiency that is
related to the plasmacytoma. Although the bone mar-
row aspirate and biopsy must contain no evidence of
multiple myeloma, a few plasma cells may be seen.

TREATMENT
Tumoricidal radiation is the treatment of choice. The
patient should receive 4000–5000 cGy over approxi-
mately 4 weeks. Even if the plasmacytoma has been
excised for diagnostic purposes, radiotherapy should
also be given. The local response rate exceeds
80–90%.8 In one series, all solitary plasmacytomas less
than 5 cm in size were controlled by radiotherapy.9

There is no convincing evidence that adjuvant or
prophylactic chemotherapy will prevent the develop-
ment of multiple myeloma.10–12 However, in an
uncontrolled study, adjuvant chemotherapy delayed
the time to progression to 59 months, compared with
29 months for patients treated with only radiation, but
did not affect the rate of conversion.8 In another
report of 53 patients with solitary plasmacytomas ran-
domized to receive either radiotherapy plus melphalan
and prednisone for 3 years or radiotherapy alone, dis-
ease–free survival and overall survival improved in the
chemotherapy group. After a median follow-up of 8.9
years, 22 of 25 patients were alive and free of disease in
the chemotherapy group, compared with 13 of 28
patients in the radiotherapy-only group (P � .01).13
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However, on the basis of all available data, adjuvant
therapy should not be given to patients with solitary
plasmacytoma of bone.1 The use of systemic chemother-
apy may obscure recognition of patients cured by radio-
therapy. In addition, early exposure to systemic treat-
ment may increase the number of resistant subclones
and restrict later therapeutic approaches. In one report,
secondary leukemia developed in four of seven patients
with solitary plasmacytoma of bone who had received
adjuvant melphalan-based chemotherapy after comple-
tion of radiotherapy.14

NATURAL HISTORY
Overt multiple myeloma develops in at least 50% of
patients with solitary plasmacytoma of bone.2,8,9,15 In our
report of 46 patients, 77% of those who progressed did so
within 4 years.2 Dimopoulos et al.16 found that two–thirds
of patients who progressed did so within 3 years. 

The patterns of failure in our series included devel-
opment of multiple myeloma in 54%, failure local
recurrence in 11%, and development of new solitary
bone lesions without evidence of myeloma in 2%. Four
of the five local failures in our series occurred in the
spine, and all the patients had received less than 45 Gy
to the initial lesion.

The overall survival rate in a series of 46 patients was
74% at 5 years and 45% at 10 years. The 5- and 10-year
disease-free survival rates were 43% and 25%, respec-
tively. In a series of 12 patients with solitary plasmacy-
toma of the vertebral column, multiple myeloma devel-
oped in 50%.17 Fifty-eight percent patients were alive at
5 years and 25% at 10 years. An additional 72 patients
with solitary plasmacytoma of the spine were identified
in the English literature. The mean disease-free duration
of survival for the 84 patients was 76 months. The aver-
age overall duration of survival was 92 months. The 5-
year disease-free survival rate was 60%, and the 10-year
disease-free survival rate was 16%.17

In one series, conversion to myeloma occurred in 9
of 11 patients (82%) who had lesions 5 cm or larger,
whereas only 5 to 18 patients (28%) who remained sta-
ble had lesions that were 5 cm or larger (7).

PROGNOSTIC FACTORS
Relapse rates are higher in older patients9 and in patients
presenting with axial lesions.18 The persistence of an M
protein after radiation therapy is a predictor of subse-
quent development of multiple myeloma in several stud-
ies.8,16 In one series, persistence of the M protein for more
than 1 year after radiation therapy was the only indepen-
dent adverse prognostic factor for myeloma-free survival
and cause-specific survival with multivariate analysis
when included variables were resolution vs persistence of
the M protein after radiation therapy, presence or
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Table 84.1 Laboratory tests recommended for solitary
plasmacytoma

History and physical examination
Hemoglobin, leukocytes with differential and platelets
Serum calcium and creatinine
Serum protein electrophoresis and immunofixation,

quantitative serum immunoglobulins
Electrophoresis of aliquot from 24-h urine specimen

followed by immunofixation
�2-Microglobulin, C-reactive protein, and lactate

dehydrogenase
Skeletal survey including humeri and femurs
Bone marrow aspirate and biopsy
Peripheral blood plasma cell count and labeling index,

if available
Magnetic resonance imaging or computed tomography

From Ref. 3, with permission from Elsevier.

Category Criteria

Table 84.2 Classification of plasma cell disorders

Solitary plasmacytoma (bone or extramedullary) Absent or small monoclonal protein in serum or urine
Single area of destruction
Bone marrow not consistent with myeloma
Normal skeletal survey

Multiple solitary plasmacytomas Absent or small monoclonal protein in serum or urine
More than one localized area of destruction 
Normal bone marrow

Monoclonal gammopathy of undetermined Monoclonal protein �3 g/dL 
significance (MGUS) Bone marrow plasma cells � 10%

No end-organ damagea

Smoldering (asymptomatic) multiple myeloma (SMM) Monoclonal protein �3 g/dL or bone marrow 
plasma cells � 10%
No end-organ damagea

Symptomatic multiple myeloma (MM) Monoclonal protein in serum or urine
Clonal bone marrow plasma cells or plasmacytoma
Presence of end-organ damagea

aEnd-organ damage: anemia, lytic bone lesions, renal failure, or hypercalcemia thought to be related to plasma cell proliferative disorder.
From Ref. 4, with permission from Mayo Foundation.



absence of an M protein at diagnosis, presence or absence
of an associated soft tissue mass on computed tomogra-
phy or magnetic resonance imaging, size of serum M pro-
tein at diagnosis, age, spinal vs nonspinal location,
Karnofsky performance score, total radiation dose, and
tumor size. In patients with an M protein persisting for
more than 1 year, multiple myeloma developed within
2.2 years of therapy.5 Of the 60 patients in that series,
75% had an M protein at diagnosis. The 10-year
myeloma-free survival rate was 91% in patients whose M
protein disappeared, and 29% in those whose M protein
did not disappear at 1 year after radiation therapy.

In contrast, we found no difference in the 5-year dis-
ease-free survival rate among patients with or without
an M protein at diagnosis.2 The failure rate was 75% in
patients with a persistent M protein after radiation and
71% in those in whom the M protein disappeared. The
median time to failure was 40 months for the patients
with a persistent M protein and 36 months for those in
whom the M protein disappeared with therapy. 

We studied angiogenesis in 25 patients with solitary
plasmacytoma of bone. High-grade angiogenesis was
present in 64% of the plasmacytomas, whereas angio-
genesis was low in the bone marrow of all 25 patients.
The median vascular density was 26 (range 20–50) in
the high-grade group (n 
 16) and 11 (range 2–16) in
the low-grade group (n 
 9). Progression to myeloma
occurred in 9 of the 16 patients in the high-grade
angiogenesis group and in only 1 of the 9 patients with
low-grade angiogenesis. The progression-free survival
rate was significantly shorter in those with high-grade
angiogenesis. There was no correlation between
median vascular density and age, M-protein level, uri-
nary light chain, �2-microglobulin level, or tumor
location. In a multivariate Cox, analysis, persistence of
M protein, angiogenesis grade, and spinal vs nonspinal
tumor location were independently prognostic for
progression. Patients who had both a persistent M-pro-
tein spike and high-grade angiogenesis (six patients)
were five times more likely to have progression than
did the rest of the group (P 
 .01).19

FOLLOW-UP
After radiation therapy, patients should have a complete
blood count, serum calcium and creatinine determina-
tions, and serum and urine immunofixation every 4–6
months for 1 year and annually thereafter. A metastatic
bone survey or magnetic resonance imaging should be
performed every year or sooner if an M protein develops,
if a persistent M protein increases in size, or if any fea-
tures suggestive of multiple myeloma occur. 

EXTRAMEDULLARY PLASMACYTOMA

Extramedullary plasmacytoma is a plasma cell tumor
that arises outside the bone marrow. Extramedullary
plasmacytoma accounts for up to 3% of plasma cell
malignancies.15 The median age of patients is about 60

years, and the majority of patients are male.15

Approximately 80% of tumors involve the upper respi-
ratory tract, including the sinuses and nasal cavity, lar-
ynx, and nasopharynx. Epistaxis, rhinorrhea, and
nasal obstruction are the most frequent symptoms.

In a review of 714 cases of extramedullary plasma-
cytoma, 82% involved the upper respiratory tract.
Seventy-four percent of plasmacytomas involving the
upper aerodigestive tract occurred in male patients.
Extramedullary plasmacytomas in the 155 cases not
involving the upper aerodigestive region were in the
gastrointestinal tract (40%), urogenital region (25%),
skin (17%), lung (10%), breast (4%,) conjunctiva (2%),
and retroperitoneum (1%).20

In a review of the literature, Anghel et al.21 described
17 patients with a primary solitary testicular plasmacy-
toma at diagnosis. The median age was 53.5 years. Nine
patients died of progressive disease, six were alive with-
out evidence of disease, and two were alive with disease.
Twenty-five patients with plasmacytoma localized to
the lymph nodes were reported.22 Cervical nodes were
involved in 56%, abdominal in 16%, and mediastinal
in 12%. Bone marrow examinations and metastatic
bone surveys showed no evidence of multiple myeloma.
Ten patients had localized disease, and none had devel-
opment of multiple myeloma.

Pulmonary involvement may occur. Koss et al.23

reported two patients with extramedullary plasmacy-
toma involving the mediastinal lymph nodes and three
with parenchymal involvement. When the authors
considered their 5 cases in combination with 14 others
from the literature, the overall 2-year survival rate was
66%, and the 5-year survival rate was 40%.23

DIAGNOSIS
Extramedullary plasmacytoma is diagnosed on the basis
of finding a monoclonal plasma cell tumor in an
extramedullary site, in the absence of multiple myeloma
in the bone marrow and on radiographic tests,  without
protein spikes using appropriate studies of blood and
urine (Table 84.2). Poorly differentiated neoplasms and
lymphoma may be difficult to differentiate from plas-
macytomas. In this situation, immunohistochemistry
and flow cytometry are helpful in making the diagnosis.
There is a higher incidence of IgA M-protein subtype in
extramedullary plasmacytoma. 

TREATMENT
The treatment of choice for extramedullary plasmacy-
toma is tumoricidal radiation at a dosage of 4000 cGy
over 4 weeks. 

COURSE
Tsang et al.9 reported local recurrence in 7% of patients
receiving tumoricidal radiation. All local failures were
in patients with bulky tumors 5 cm or more in diame-
ter. Progression to multiple myeloma occurs in
10–15% of patients, which is much less common than
in patients with solitary plasmacytoma of bone.9,20,24,25
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In one review, the overall 5-year survival rate with pul-
monary plasmacytoma was 40%,23 whereas it was
60–82% in three separate series of patients with plas-
macytoma mainly in the head and neck region.24–26 A
detailed literature search found that there were more
than 400 publications between 1905 and 1997.20 The
median overall duration of survival was more than 25
years for patients who received a combination of radi-
ation and surgery. Median duration of survival for
patients receiving surgical intervention only was 13
years, whereas it was 12 years for those receiving radi-
ation therapy alone. Overall, 61% had no recurrence
or development of multiple myeloma; 22% had recur-
rence of extramedullary plasmacytoma; and 16% had
conversion to multiple myeloma. 

Extramedullary plasmacytoma may be classified as
low-, intermediate-, or high-grade, depending on histo-
logic grading. In one study, local control after radiation
therapy was achieved in 15 of 18 patients (83%) with
low-grade disease and in only 1 of 6 patients (17%)
with intermediate- to high-grade tumors.24

MULTIPLE SOLITARY PLASMACYTOMAS

The condition termed multiple solitary plasmacytomas is
characterized by the simultaneous or sequential occur-
rence of discrete lesions in either bone or soft tissue
(extramedullary). In contrast to multiple myeloma, the
bone marrow is normal and radiography and magnetic
resonance imaging show no evidence of diffuse skeletal
involvement (Table 84.2). There is no end-organ dam-
age other than the localized bone lesions. Multiple
plasmacytomas may be treated with tumoricidal radia-
tion, when recurrent, if there is no evidence of multiple
myeloma. Large numbers of solitary plasmacytomas or
recurrent lesions at short intervals are an indication for
systemic therapy similar to that for multiple myeloma,
such as autologous stem cell transplantation. 

PLASMA CELL LEUKEMIA

Plasma cell leukemia (PCL) is a rare form of plasma cell
dyscrasia characterized by the presence of at least 2.0 �
109/L and more than 20% plasma cells in the periph-
eral blood differential leukocyte count. PCL may be
classified as primary, when it presents in the leukemic
phase, or secondary, when there is leukemic transfor-
mation of a previously recognized multiple myeloma.
Approximately 60% of patients with PCL have the pri-
mary type.27,28 Secondary PCL occurs in about 1% of
patients with multiple myeloma. 

PATHOPHYSIOLOGY
The reason that some patients present with PCL and
others have evolvement to it is unclear. Primary PCL is a
distinct entity because its presenting features, response

to chemotherapy, and survival are different from those
in multiple myeloma. In patients with primary PCL who
respond to chemotherapy, PCL almost always reappears
at relapse, whereas only 1% of patients with multiple
myeloma evolve to a secondary PCL.30

Primary PCL cells have a higher expression of CD20
antigen than do cells from multiple myeloma.28

Plasma cells from both primary and secondary PCL
usually lack CD56 antigen, which is important in
anchoring plasma cells to the bone marrow stroma.31

One study showed that the expression of CD28
appears to differentiate primary from secondary PCL.31

In one report, more than 80% of patients with PCL
were diploid or hypodiploid compared with 40% of
patients with multiple myeloma, and 60% of patients
with multiple myeloma were hyperdiploid (33). In
another series, 17 of 20 (85%) patients were nonhyper-
diploid, 2 were equivocal, and 1 was hyperdiploid.29

Cytogenetic studies show a complex karyotype with
multiple structural and numeric abnormalities in most
cases. Fluorescence in situ hybridization showed
monosomy of chromosome 13 in 12 of 13 patients.28

In contrast, cytogenetic findings associated with a
favorable outcome such as trisomy of chromosomes 6,
9, and 17 are absent in primary PCL.28 In a report of 20
patients with PCL (13 primary and 7 secondary), 15
had IgH translocations. Two-thirds of the transloca-
tions were t(11;14)(q13;q32), which is an unfavorable
prognostic feature. Fourteen patients (70%) had dele-
tion of chromosome 13, whereas 10 had t(17;p13.1)
(p53 locus), which are both unfavorable prognostic
features.

Mutations of N- and K-ras oncogenes have been
reported in up to 58% of patients with PCL.32,33

Amplification of the c-myc oncogene at the DNA level
with concomitant overexpression has been reported.34

In two series, 4 of 12 (33%) and 3 of 10 (30%) patients
with PCL had p53 mutations.33,35 Hypomethylation of
p16 has been reported in PCL.36

Interleukin 6 (IL–6) is the major plasma cell growth
factor in vitro and in vivo in patients with multiple
myeloma.37 In a series of 13 patients with PCL, all had
significant spontaneous cell growth after 5 days in cul-
ture and all had significant growth when stimulated
with exogenous IL–6.38 The role of IL–6 is supported by
blockage of plasma cell proliferation when treated
with anti–IL–6 monoclonal antibody.39

CLINICAL FEATURES
PCL is uncommon. Most reports consist of single cases
or small series, with the exception of three reviews
reporting at least 25 cases each. The main clinical and
laboratory features, the response to therapy, and the
duration of survival of patients with primary PCL in
the three reviews are summarized in Table 84.3. Noel
and Kyle27 included patients with PCL diagnosed
between 1960 and 1985, while another two series28,40

included patients with a more recent diagnosis of PCL.
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The median age ranged between 53 and 57 years, which
is a decade younger than that in a large recent myeloma
cohort.42 Patients with primary PCL are younger and
have a higher incidence of hepatosplenomegaly and
lymphadenopathy, a higher platelet count, fewer lytic
lesions, a lower serum M-protein level, and longer sur-
vival than do patients with secondary PCL.27,28 It is
obvious from these series that primary PCL has a more
aggressive clinical presentation than does multiple
myeloma with a higher frequency of extramedullary
involvement, anemia, thrombocytopenia, hypercal-
cemia, and renal impairment. The presence of lytic
bone lesions is lower than that observed in multiple
myeloma.

THERAPY AND SURVIVAL
In general, therapeutic options are similar to treatment
of multiple myeloma, except that more intensive ther-
apy is needed, and outcomes are significantly inferior. 

The outcome of 68 patients from the literature with
well-documented primary PCL treated before 1986 has
been described.27 Fifty-two of the patients received a
single alkylating agent, mainly melphalan with or with-
out prednisone, as initial therapy. A complete or partial
response was documented in 28 patients (54%). The
median duration of survival was slightly more than 1
year in patients who responded to therapy, but less than
1 month for nonresponding patients. The other 16
patients were treated with combination chemotherapy,
which resulted in a response rate of 75% and a median
duration of survival for all 16 patients of 9.5 months. In
the Mayo Clinic series of 25 patients with primary PCL,
7 of 15 patients responded to melphalan with or with-
out prednisone. Despite the response rate of 47%, the
median time to progression or death in these 15

patients was 8.7 months. The median duration of sur-
vival for all 25 patients with PCL was 6.8 months, and
only 4 patients survived for more than 2 years.

The overall response rate in the series by
Dimopoulos et al.40 was 37%. They noted that failure
to achieve 50% clearing of peripheral blood plasma
cells within 10 days after initiation of treatment was a
predictor of no response. The median duration of sur-
vival was 12 months. A short survival was caused
mainly by the large number of patients dying of dis-
ease complications during the first 2 months of treat-
ment. In that series, patients treated with vincristine,
doxorubicin (adriamycin), and dexamethasone (VAD)
or with cyclophosphamide and etoposide had a
response rate of 59% and a median duration of sur-
vival of 20 months. These improved results are proba-
bly due to a decrease in early mortality as a result of a
rapid reduction of tumor mass, and due to improved
supportive therapy. Garcia-Sanz et al.28 reported an
overall response rate of 38%. The response rate and
survival were lower in patients treated with melphalan
and prednisone than in those given alternating
courses of vincristine, cyclophosphamide, melphalan,
and prednisone (VCMP) or vincristine, 1,3-bis(2-
chlorethyl)-1-nitrosourea (BCNU), doxorubicin (adri-
amycin), and prednisone (VBAP).

Treatment with a single alkylating agent plus
prednisone is not adequate for patients with primary
PCL. Combination chemotherapy with VAD,
cyclophosphamide, and etoposide or alternating
VCMP and VBAP yields better responses. High-dose
therapy followed by autologous stem cell transplan-
tation should be offered to responding patients if age
and clinical condition do not preclude transplanta-
tion.43 Thalidomide also may be a useful agent.44
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Table 84.3 Primary plasma cell leukemia: clinical and laboratory features in three series including at least 
25 patients each

Feature Noel and Kyle27 Dimopoulos et al.40 Garcia-Sanz et al.28

No. of patients 25 27 26
Median age, years 53 57 55
Sex (M/F) 15/10 NR 12/14
Extramedullary involvement (%) �50 37 23
Lytic bone lesions (%) 44 NR 48
Hemoglobin �10 g/dL (%) �50 82 54
Platelet count �100 � 109/L (%) �50 67 48
Calcium �11 mg/dL (%) �50 44 48
Creatinine �2 mg/dL (%) NR 37 44
Monoclonal protein type (%)

IgG 12.5 (2/16) 52 54
IgA 25 (4/16)a 15 4
IgD 6 (1/16) 0 8
Light-chain 44 (7/16) 28 31
Nonsecretory 12.5 (2/16) 7 4

Response to treatment (%) 47 37 38
Median survival (months) 6.8 12 8

IgA, immunoglobulin A; IgD, immunoglobulin D; IgG, immunoglobulin G; NR, not reported.
aOne case was biclonal (IgA�, IgE�).
From Ref. 41, with permission from Elsevier.



Secondary PCL usually is a terminal event in patients
with relapsed or refractory myeloma. Unfortunately,
the median duration of survival in these patients is
about 1 month.27 Thalidomide may be of some benefit
in this situation.45

SMOLDERING (ASYMPTOMATIC)
MULTIPLE MYELOMA

The point of transition from monoclonal gammopathy
of undetermined significance (MGUS) to smoldering
multiple myeloma is not sharply defined biologically.
By definition, MGUS consists of an M-protein value less
than 3 g/dL, bone marrow plasma cell value less than
10%, and absence of anemia, renal insufficiency,
hypercalcemia, or skeletal lesions attributable to the
neoplastic plasma cell proliferation (Table 84.2).
However, if the M-protein value is 3 g/dL or more or the
bone marrow contains 10% or more plasma cells, the
term smoldering (asymptomatic) multiple myeloma is used
(Table 84.2).4 Frequently, a reduction of uninvolved
immunoglobulins in the serum and a small amount of
M protein in the urine are found. These findings are
consistent with multiple myeloma, but anemia, renal
insufficiency, and skeletal lesions are not present. That
is, there is no evidence of end-organ damage. In addi-
tion, the plasma cell labeling index is low. 

Smoldering multiple myeloma occurs in approxi-
mately 15% of all cases of newly diagnosed multiple
myeloma.1 The prevalence estimates of smoldering
multiple myeloma are variable because many reports
include asymptomatic patients with lytic lesions on
skeletal survey. Some exclude skeletal lesions but
include patients who have lytic lesions on magnetic res-
onance imaging. A true prevalence derived from strict
criteria for smoldering multiple myeloma is not avail-
able. Most patients with smoldering multiple myeloma
eventually have progression to symptomatic myeloma,
and the risk of progression is higher than with MGUS.1

Some patients may remain stable for many years.46 The
median time for progression to symptomatic disease is
1–3 years. One study found only a 20% risk of progres-
sion at 6 years, but patients were considered to have
smoldering multiple myeloma only if they had no dis-
ease progression after 1 year of follow-up.47

PREDICTORS OF PROGRESSION
Assessment of predictors of progression in smoldering
multiple myeloma is hampered by varying diagnostic
criteria used to define the condition. Several studies
include patients with asymptomatic lytic lesions as
well. Future studies of smoldering multiple myeloma
will need to use more uniformly accepted criteria so
that results can be compared. 

Patients with an increase in the number of circulat-
ing peripheral blood monoclonal plasma cells are at
higher risk for progression to myeloma. An increased

plasma cell labeling index of the bone marrow indi-
cates that symptomatic multiple myeloma is present
or will develop in the near future. 

The three most important prognostic factors for pro-
gression in one series included a serum monoclonal
protein concentration more than 3.0 g/dL, IgA subtype,
and urinary M-protein excretion of more than 50
mg/day. Patients with more than two of these features
had a median time to progression of 17 months; those
with two factors had a median time to progression of
40 months; and patients who had none of these fea-
tures had a median time to progression of 95 months.48

Other studies have found that abnormalities on
magnetic resonance imaging can predict disease pro-
gression in patients with smoldering multiple
myeloma.1 Whether patients who have abnormalities
on magnetic resonance imaging should be considered
as having smoldering multiple myeloma is debatable.
Nevertheless, these patients can be considered to have
low-grade multiple myeloma and can be observed
without therapy, similar to those with smoldering
multiple myeloma.

MANAGEMENT
The current standard of care in smoldering multiple
myeloma is close follow-up every few months without
any chemotherapy. This recommendation results from
trials that found no significant improvement in overall
survival in patients who received immediate treatment
with melphalan plus prednisone for stage I or asympto-
matic myeloma, compared with those who received
treatment at progression. Hjorth and colleagues49

assigned 50 patients with asymptomatic stage I myeloma
to observation versus melphalan plus prednisone
chemotherapy. No differences were found in overall sur-
vival between the two groups. In another series of 44
patients with asymptomatic myeloma, survival times
were similar with immediate or deferred therapy.50

Investigational approaches may be considered for
selected patients in appropriate trials. Thalidomide
is being studied as a single agent, and a partial
response rate of approximately 35% has been noted.
However, a phase III randomized study comparing
no therapy with thalidomide or other agents such as
bisphosphonates, IL-1� inhibitors, clarithromycin,
or dehydroepiandrosterone is required before making
any recommendations concerning therapy of smolder-
ing multiple myeloma.

POEMS SYNDROME (OSTEOSCLEROTIC
MYELOMA)

POEMS (polyneuropathy, organomegaly, endocrinopa-
thy, M protein, and skin changes) syndrome, or
osteosclerotic myeloma, is characterized by chronic
sensorimotor peripheral neuropathy with predominat-
ing motor disability.51 Additional features include scle-
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rotic bone lesions, Castleman’s disease, papilledema,
edema, ascites, pleural effusion, erythrocytosis, and
thrombocytosis.

CLINICAL FEATURES
Peripheral neuropathy was present in all of our 99
patients and usually dominates the clinical picture.52

Symptoms usually begin in the feet and consist of tin-
gling or paresthesias. Motor involvement follows the
sensory symptoms. Both begin distally and are sym-
metric and progress proximally. More than half of the
patients have severe weakness and may have difficulty
in climbing stairs, rising from a chair, or gripping
objects firmly. In contrast to the neuropathy associ-
ated with primary amyloidosis (AL), autonomic symp-
toms are not a feature. Bone pain and pathologic frac-
tures are major findings in symptomatic myeloma, but
occur rarely in POEMS syndrome. 

Physical examination reveals a symmetric, sensori-
motor neuropathy involving the extremities. Muscle
weakness is usually more marked than sensory loss.
Touch, pressure, vibratory, and joint position senses are
often involved, whereas loss of temperature discrimina-
tion and nociception occur less frequently. Papilledema
was present in almost one-third of our patients.
However, other cranial nerves are not affected. 

Hepatomegaly, splenomegaly, and lymphadenopa-
thy were present in about one-fourth of patients.
Hyperpigmentation was present in almost one-half of
patients, but it was easily overlooked. Hypertrichosis,
manifested by coarse black hair, appeared on the
extremities in one-fourth of our patients, and telang-
iectasia and hemangiomas were present in 10%.
Peripheral edema was found in one-fourth of our
patients, but ascites and pleural effusion were uncom-
mon. Clubbing of the fingers has been noted but was
infrequent in our series.

LABORATORY FEATURES
Almost 20% of our patients had polycythemia. Anemia
was not a feature of the syndrome. Thrombocytosis was
noted in more than half of our patients. Hypercalcemia
and renal insufficiency were rare. 

All of our patients had evidence of a monoclonal
plasma cell proliferative process. Eighty-five percent
had an M protein in the serum, but the level was mod-
est and the median value was 1.1 g/dL. This is similar
to the 75% reported by Nakanishi et al.53 in a review of
102 patients with the syndrome. Forty patients had an
M protein in the urine, but the amount was small and
the median value was 100 mg/24 h.

All of our patients had a monoclonal �-prolifera-
tive process. IgA� was found in 44 patients, and IgG�

was found in 40. Only one patient had an IgM� pro-
tein. A clonal � plasma cell proliferative process was
shown by immunohistochemical staining in all 12
patients who did not have an M protein in their
serum or urine.

The bone marrow was most often nondiagnostic.
Only 14% of patients had a bone marrow plasmacyto-
sis of more than 10%, which is similar to the findings
of Soubrier et al.54 Only four of our patients had more
than 20% plasma cells, but none of them had lytic
bone lesions or anemia.

Endocrine abnormalities were found in two-thirds of
our patients at presentation. Hypogonadism was the
most common abnormality, and 71% of males had erec-
tile dysfunction. Twenty-four of 28 patients who had
serum testosterone levels measured had a reduction.
Gynecomastia was found in 17 men. Prolactin levels
were not increased. Hypothyroidism was found in 14%
of patients. An additional 12% had a mild increase in
the thyroid-stimulating hormone level but had normal
thyroxin levels. Abnormalities of the adrenal-pituitary
axis were present in 16%. In five additional patients,
adrenal insufficiency developed during follow-up.

SCLEROTIC BONE LESIONS
Conventional radiographs showed osteosclerotic
lesions in 95% of our patients. Lytic lesions without
evidence of sclerosis are rare. Approximately half of
our patients had mixed sclerotic and lytic lesions.
Forty-seven percent of our patients had only sclerotic
lesions. A single solitary lesion was found in 45%, and
the remainder had multiple lesions. The pelvis, spine,
ribs, and proximal extremities are most often
involved. In rare instances, multiple myeloma is asso-
ciated with diffuse osteosclerotic bone lesions, and
affected patients must be differentiated from those
with POEMS syndrome.

PATHOPHYSIOLOGY
The cause of POEMS syndrome is unknown. Patients fre-
quently have higher levels of IL–1�, tumor necrosis fac-
tor �, and IL–6 than do patients with multiple
myeloma.55 Levels of vascular endothelial growth factor
are also frequently increased.56 Antibodies to human her-
pesvirus 8 were reported in seven of nine patients with
POEMS syndrome and Castleman’s disease. Six of seven
patients had human herpesvirus 8 DNA sequences.57

Electromyography shows slowing of nerve conduc-
tion and severe attenuation of compound muscle
action potentials.58 Distal fibrillation potentials are
found on needle electromyography. Both axonal
degeneration and demyelination are found in sural
nerve biopsy specimens. Ono et al.59 reported a loss of
demyelinated fibers and an increased frequency of
axonal degeneration in teased fibers. Cerebrospinal
fluid protein levels are increased in almost all patients.
More than half of our patients had a cerebrospinal
fluid protein value more than 100 mg/dL.60

Castleman’s disease (giant cell lymph node hyper-
plasia, angiofollicular lymph node hyperplasia) has
also been associated with POEMS syndrome.61 In our
experience, about 15% of patients with POEMS syn-
drome also have Castleman’s disease.
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Renal involvement may be a feature of POEMS syn-
drome. Nakamoto et al.62 reviewed 52 cases of POEMS
syndrome with renal abnormalities. Approximately
half of the patients had creatinine levels more than 1.5
mg/dL, and 10% required dialysis.

Pulmonary hypertension also has been noted in
POEMS syndrome.63 Pulmonary hypertension devel-
oped in 5 of 20 patients with POEMS syndrome, and
increased levels of IL–1�, IL–6, tumor necrosis factor �,
and vascular endothelial growth factor were found in
all cases.64 Five of our patients had pulmonary hyper-
tension and restrictive lung disease; respiratory failure
developed in four of them. Respiratory disease was
responsible for death in 17% of our patients.

Hyperpigmentation, hypertrichosis, and heman-
giomas were the major dermatologic findings in our
series.52 Four patients have been described with POEMS
syndrome and a violaceous skin patch overlying a soli-
tary plasmacytoma of bone, along with enlarged
regional lymph nodes. One patient had POEMS syn-
drome, whereas in another, POEMS syndrome devel-
oped after excision of the plasmacytoma. The authors
suggested the term AESOP syndrome for adenopathy
and extensive skin patch overlying a plasmacytoma.65

Forty-one thrombotic events occurred in 18 of our
patients. These consisted of stroke, myocardial infarc-
tion, or Budd-Chiari syndrome. Four patients with
POEMS syndrome have been reported with acute arte-
rial thrombotic events.66

DIAGNOSIS AND COURSE
POEMS syndrome must be considered in the differen-
tial diagnosis of a patient presenting with a sensorimo-
tor peripheral neuropathy. A metastatic bone survey
must be done in search for osteosclerotic lesions. These
lesions can be subtle and easily confused with fibrous
dysplasia or a vertebral hemangioma. The M-protein
level in the serum and urine is low and may be easily
overlooked. The diagnosis depends on the demonstra-
tion of increased numbers of monoclonal plasma cells
and a biopsy specimen from the osteosclerotic lesion. 

The natural history is one of progressive peripheral
neuropathy over a period of years until the patient is
bedridden. Death usually occurs from inanition or ter-
minal pneumonia. The median overall duration of sur-
vival in our 99 patients was 13.7 years.

THERAPY
Radiation in a dose of 40–50 cGy is indicated for
patients with single or multiple osteosclerotic lesions in
a limited area. More than half of the patients show sub-
stantial improvement of neuropathy. Of our 13 patients
who did not respond to radiation, 9 received less than
4000 cGy. The improvement may be slow and may not
be apparent for 6 months or longer. Some patients con-
tinue to improve for 2–3 years after radiation therapy. 

Systemic therapy is necessary if the patient has
widespread osteosclerotic lesions. Melphalan and

prednisone were given to 48 of our patients, and
improvement was noted in 44%. Combination
chemotherapy induced responses in 27% of 15 treated
patients. Prednisone or dexamethasone as a single
agent was given to 41 of our patients, and there was an
apparent improvement in only 15%. Plasma exchange,
intravenous immunoglobulin, cyclosporine, and aza-
thioprine were ineffective. 

Autologous stem cell transplantation after high-dose
melphalan should be seriously considered for patients
younger than 70 years with widespread osteosclerotic
lesions. The stem cells should be collected before the
patient is exposed to alkylating agents because they
will damage the hematopoietic stem cells. The mortal-
ity associated with the procedure is only 1–2%.67–70

NONSECRETORY MYELOMA

Patients with nonsecretory myeloma have no M pro-
tein in either the serum or urine with immunofixa-
tion. This finding occurs in 1–5% of all patients with
multiple myeloma.42,71–74 In 1027 patients with newly
diagnosed myeloma, we found no M protein in the
serum and urine with immunofixation in 29 (2.8%).42

Immunoperoxidase and immunofluorescence stud-
ies on plasma cells should be performed in all patients
with nonsecretory myeloma. A cytoplasmic M protein
is identified in about 85% of patients; no M protein
can be found in the remaining, and these patients are
considered to have “nonproducer” nonsecretory
myeloma.75–78

Ultrastructural study of plasma cells shows the typi-
cal features observed in plasma cells of patients who
have an M protein in the serum and urine.79,80 In con-
trast, in some cases of nonproducer or truly nonsecre-
tory myeloma, ultrastructural studies show highly
undifferentiated plasma cells.77,81 The lack of M pro-
tein in the serum and urine of patients with nonsecre-
tory myeloma may be from (1) the inability of plasma
cells to excrete the immunoglobulin, (2) the low syn-
thetic capacity of immunoglobulin production, (3)
increased intracellular degradation, or (4) rapid extra-
cellular degradation of abnormal immunoglobulins.
Interestingly, the light chain is of � type in about 75%
of patients with nonsecretory myeloma.

CLINICAL FEATURES
The main presenting features in four series of nonsecre-
tory myeloma with at least seven patients are shown in
Table 84.4. In the largest series, consisting of 29
patients, the median age was a decade younger than
that of a usual patient with myeloma. In that series,
almost 70% of patients had low tumor mass. No
patient had a hemoglobin level less than 11 g/dL or
renal failure, and only two patients had hypercalcemia.
In the other series, the presenting features of nonsecre-
tory myeloma were similar to those in patients with M
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protein, except for the absence of renal insufficiency.
Most patients had stage III disease, and the majority
had a marked reduction of normal polyclonal
immunoglobulins. Almost all patients had lytic lesions.

In the series of 29 patients, the condition remained
nonsecretory throughout in 22 patients (76%). During
follow-up, M protein developed in the serum in five
patients (two with monoclonal heavy chain and three
with monoclonal light chain). In two others, a mono-
clonal light chain developed in the urine. The unin-
volved immunoglobulins were reduced in 92%. None
of the patients with nonsecretory myeloma had a
serum creatinine value more than 2 mg/dL. In con-
trast, the serum creatinine value was increased in 35%
of the patients with light-chain myeloma. Median
duration of survival was 38 months for patients with
nonsecretory myeloma, 34 months for those with
light-chain myeloma, and 33 months for the entire
cohort of 1027 patients.42

RESPONSE TO THERAPY AND SURVIVAL
Therapy is similar to that for multiple myeloma. The
lack of a measurable M protein makes evaluation of
response to therapy difficult. Evaluation of response is
based on improvement in the symptoms of bone pain,
correction of anemia and hypercalcemia if initially
present, reduction of extramedullary plasmacytomas,
no increase in lytic bone lesions, and decrease in the
proportion of bone marrow plasma cells. The advent
of free light-chain assays is useful for monitoring the
progress of patients with nonsecretory myeloma.
Drayson et al.94 reported abnormal free light chains in
68% of patients with nonsecretory myeloma. Dreicer
and Alexanian73 reported that 80% of patients
responded to initial chemotherapy.

In several series, survival of patients with nonsecre-
tory myeloma was similar to that of patients with a
measurable M protein.71,72,79,80 Dreicer and Alexanian73

reported a median duration of survival of 39 months,
whereas Bourantas82 noted 45 months. The median of
38 months in our study was not statistically different
from that in patients with a measurable M protein.42

IMMUNOGLOBULIN D MYELOMA

IgD myeloma accounts for about 2% of all cases of mul-
tiple myeloma.83,84 Although the presence of an IgD M
protein is almost always indicative of a malignant
plasma cell disorder such as multiple myeloma or pri-
mary amyloidosis, two well-documented cases of MGUS
of the IgD type have been reported.85,86 Thus, the pres-
ence of a serum IgD M protein is not always associated
with a malignant plasma cell proliferative process.

CLINICAL FEATURES
The data on IgD myeloma come from reports on a few
cases and small series, two large reviews of the reported
cases in the literature,87,88 and single-institution expe-
rience in 53 cases.89,90

The main clinical and laboratory features reported
in four series of IgD myeloma including at least 20
patients are summarized in Table 84.5.87,88,89,90,91 The
median age at presentation was 55–60 years, which is
slightly younger than that in a general myeloma
population. The initial presenting symptoms were
not different from those reported in usual myeloma
cases. In two series, a moderate lymph node enlarge-
ment, a rare finding in multiple myeloma, was pre-
sent in about 10% of patients.88,90 Although one
series had a low incidence of extramedullary plasma-
cytoma,91 the reported incidence of extraosseous
spread in IgD myeloma ranges from 19 to 63%.84,88,90

In one of the studies, 7 of 53 patients (13%) 
had extradural plasmacytomas at diagnosis.90

Amyloidosis was reported in 44% of patients at
autopsy.87 In a single-institution series, however, the
frequency of associated amyloidosis was 19%.90 IgD
myeloma has been associated with a higher fre-
quency of PCL.87,88,92 The incidence of renal failure is
higher in IgD myeloma.87,88,90,91

The serum protein electrophoretic pattern differs in
that only 60% of patients with IgD myeloma have an
M-protein spike. Furthermore, the amount of the M
protein rarely exceeds 2 g/dL.90 Almost all patients
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Table 84.4 Nonsecretory myeloma: presenting features in four series including at least seven patients

Dreicer and 
Feature Azar et al.71 Alexanian73 Cavo et al.72 Bourantas82

No. of patients 7 29 7 9
Median age (years) 62 54 55 53
Sex (M/F) 4/3 16/13 2/5 4/5
Hemoglobin �11 g/dL, no. of patients 6 0 5 6
Calcium �11.5 mg/dL, no. of patients NR 2 0 4
Creatinine �2 mg/dL, no. of patients NR 0 0 1
High tumor mass (stage III disease), NR 2a 6 8
no. of patients
Lytic bone lesions, no. of patients 6 29 5 9

NR, not reported.
aStage not including skeletal involvement.
From Ref. 41, with permission from Elsevier.



with IgD myeloma have light-chain proteinuria, and
more than half have more than 1 g/24 h.90 In most
series of IgD myeloma, increased � light chain has
been reported,87,88,91,93 but in a large single-institution
series the frequency of � light chain was 60%.90 IgD
myeloma should always be excluded in patients with a
discrete M-protein spike on serum protein elec-
trophoresis and only a monoclonal � or � light chain
on immunofixation.

In summary, patients with IgD myeloma often pre-
sent with a small band or no spike on serum protein
electrophoresis and light-chain proteinuria. Almost
one-fifth have associated amyloidosis. Because these
features are also typical of light-chain myeloma, IgD
can be considered a variant. The presence of IgD M
protein and the predominance of the � light chain are
the major distinctive findings. 

THERAPY AND SURVIVAL
Treatment and response to therapy in patients with IgD
myeloma is similar to that in patients with myeloma of
other immunologic types.87,90,95 In several series, the
median duration of survival of patients with IgD
myeloma ranged from 12 to 17 months.84,87,88,91 Fahey
et al.95 reported a median duration of 2 years in 15
patients. In the Mayo Clinic series of 53 patients, the
median duration of survival was 21 months, but for the
26 patients in whom the diagnosis was made after 1980
the median survival was 31 months.90 Three patients in
that series survived for more than 10 years, and one of
them was considered to have been cured.96
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INTRODUCTION

Multiple myeloma is a clonal neoplasm of terminally
differentiated B cells which accounts for about 1% of
new cancers.1 Despite an increased understanding of
the biology of the malignant plasma cell, myeloma
remains incurable with current chemotherapy.
Although multiple myeloma is highly sensitive to
chemotherapy, combination chemotherapy regi-
mens have not achieved better outcomes than
achieved by melphalan and prednisone therapy.2

Large comparative studies have demonstrated supe-
rior response rates, overall survival, and event-free
survival using high-dose therapy and autologous
Stem cell transplant (SCT) compared with conven-
tional therapy.3 Despite the improved outcome after
autologous transplantation, long-term disease-free
survival remains disappointingly low at 15–20%,
with disease relapse being the primary reason for
treatment failure.4 Myeloablative allogeneic stem
cell transplantation achieves long-term disease-free
survival in 15–20% patients with myeloma. The
curative potential of allografting is based upon two
principles. First, high-dose myeloablative therapy
may eradicate disease, and hematopoiesis is restored
using a tumor-free stem cell allograft. Second, donor
cells mediate an immunologic antitumor effect that
eradicates minimal residual disease (MRD) posttrans-
plant. This immunologic effect has been termed the
“graft-versus-leukemia (GvL) effect” or, in multiple
myeloma, the graft-versus-myeloma (GvM) effect.
For allogeneic SCT to achieve its full potential in the
treatment of patients with myeloma, efforts are now
being directed toward both reducing the attendant
toxicity of allogeneic SCT and enhancing the GvM
effect after transplant. Identification of the media-
tors and targets of the GvM effect may allow for
more directed immunotherapy for myeloma in the
future.

STANDARD THERAPY AND AUTOLOGOUS
STEM CELL TRANSPLANT IN
MULTIPLE MYELOMA

Alkylating agents administered with corticosteroids
have been the mainstay of therapy for patients with
multiple myeloma over the last three decades. Most
commonly, melphalan is combined with prednisone,
and patients are treated every 6 weeks. Many
attempts have been made to increase the intensity of
standard therapy, but combination chemotherapy
regimens have not led to an improvement in survival.
Specifically, a meta-analysis of 6633 patients treated in
comparative trials of melphalan and prednisone versus
combination chemotherapy showed these treatments
to be equivalent.5 Currently, the response rate to con-
ventional chemotherapy is 40–60%, with a median
survival of 3 years from diagnosis. Unfortunately, 
this disease remains incurable with conventional
chemotherapy.

The demonstration that high-dose melphalan can
induce higher remission rates in patients who are oth-
erwise refractory to conventional-dose melphalan has
provided the framework for multiple trials of autolo-
gous stem cell transplantation in this disease.3,6–8 A
randomized trial of 200 newly diagnosed patients in
France demonstrated an improved response rate (81%
vs 57%) and 5-year probability of event-free survival
(28% vs 10%) for patients undergoing high-dose ther-
apy and autologous SCT, compared with standard-dose
chemotherapy.3 A second randomized trial of 401 pre-
viously untreated patients demonstrated both an
improved overall survival and progression-free sur-
vival for patients receiving intensive therapy, includ-
ing an autologous transplant, compared with standard
therapy.9 Other randomized studies have not demon-
strated an improved overall survival or event-free sur-
vival, but have demonstrated a prolonged time to
treatment failure and improved quality of life.10
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Although response rates are high following autologous
transplantation, long-term follow up demonstrates
that few patients are cured using this approach.

Efforts continue to improve the results of autolo-
gous transplantation for patients with myeloma. A
recent randomized trial demonstrated that sequential
autologous transplantation resulted in a superior over-
all survival compared with a single autologous trans-
plantation.11 While results of autologous transplant in
myeloma appear encouraging, relapse of disease is the
principal reason for the failure of this approach.
Reinfusion of tumor cells at the time of transplant may
contribute to disease relapse in some patients, as has
been demonstrated in other types of autologous trans-
plantation.12 In an effort to reduce relapse rates, atten-
tion has focused on allogeneic transplant as a method
to provide a tumor-free stem cell source for patients. In
addition, the recognition of the existence of a potent
GvM effect has renewed interest in allogeneic trans-
plantation for myeloma.

MONITORING OF PATIENTS AFTER
TRANSPLANTATION

Criteria for defining a complete response (CR) in patients
with myeloma undergoing transplantation have evolved
over time and may account in some cases for the differ-
ing CR rates observed in clinical trials. Early trials from
the European Stem cell Transplant Registry (EBMTR)
defined CR as the disappearance of immunoglobulin in
serum and light chains in the urine using conventional
electrophoresis or immunofixation, as well as the
absence of myeloma cells in the marrow.13,14 Using a
more strict definition, investigators at Dana-Farber
Cancer Institute (DFCI) and Fred Hutchinson Cancer
Research Center (FHCRC) have required the absence of
detectable monoclonal protein by immunofixation to
define a CR. In an effort to establish uniform criteria for
response, transplant registries have proposed criteria
based upon immunofixation for defining CR, PR, relapse,
and progressive disease in patients with multiple
myeloma treated with high-dose therapy.15

Polymerase chain reaction (PCR) based techniques
have also been used to evaluate MRD in patients with
myeloma after high-dose therapy. PCR for MRD in
multiple myeloma involves the amplification of the
VH family of primers to identify the patient-specific
immunoglobulin complementarity-determining region
(CDRIII) sequences. Patient-specific primers can then
be used to follow patients over time. Using the VH fam-
ily primers alone, one myeloma cell in 103–104 normal
cells can be detected. Increased sensitivity can be
obtained using patient specific primers, to the degree
that one myeloma cell in a background of 105–106

normal cells can be identified. Investigators are now
using PCR to assess patients after transplantation and
have reported in one study that molecular CR, defined

as PCR negativity, occurs more frequently after allo-
grafting (7 of 14 patients) than after autografting (2 of
15 patients).16 Quantitative PCR using “Real-Time”
technology can now also be used to follow patients
with myeloma and provide a better estimate of the
burden of disease.17

CLINICAL TRIAL RESULTS OF
MYELOABLATIVE ALLOGENEIC
TRANSPLANTATION

Results from several large trials of myeloablative allo-
geneic SCT in patients with myeloma are available
both from cooperative groups and several single insti-
tutions (Table 85.1). The EBMTR has reported the
results of 162 patients receiving allogeneic Stem cell
transplant for multiple myeloma at over 40 centers in
Europe and South Africa.13,18,23 The median age was 43
years, and 52% of the patients had evidence of
chemotherapy-sensitive disease at the time of trans-
plant. Although the ablative regimens differed between
centers, the majority (72%) of patients received high-
dose chemotherapy, most commonly cyclophos-
phamide and melphalan, combined with total body
irradiation (TBI). Graft-versus-host disease (GvHD) pro-
phylaxis also varied by center. Cyclosporine was com-
bined either with methotrexate (48%) or with other
agents (20%). T-cell depletion, either alone or in com-
bination with other agents, was used in 33% of
patients. The overall treatment-related mortality
(TRM) was 25%, with most patients succumbing to
complications of infection, interstitial pneumonitis, or
GvHD. The overall CR rate was 44%, and the overall
actuarial survival rates at 4 years and 9 years after were
32 and 18%, respectively. Relapse-free survival was
34% at 6 years for those patients who attained a CR
after transplant.

Similar results have been reported from several
large single institutions. In the FHCRC experience,
80 patients underwent myeloablative allogeneic
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Complete
Treatment- remission rate
Related following stem
mortality cell transplant

N (%) (%) References

Table 85.1 Results of allogeneic transplantation in 
multiple myeloma

EBMTR 162 25 44 13,18

Royal 33 54 36 19
Marsden

Seattle 80 56 36 20

Dana-Farber 61 10 23 21

Vancouver 19 16 58 22



transplantation for multiple myeloma.20 Sixty
patients received marrow from HLA-identical sib-
ling donors, and 20 patients from mismatched or
unrelated donors. The majority of patients had
chemotherapy-refractory disease. Ablative therapy
consisted of busulfan and cyclophosphamide in 57
patients, and cyclophosphamide and TBI in 23
patients. The majority of patients (56%) received
cyclosporine with methotrexate as GvHD prophy-
laxis and the remaining received cyclosporine and
prednisone (37%). The TRM was 56%, with infection,
veno-occlusive disease, and complications of GvHD
being the most common causes of treatment failure.
Despite the increased TRM, the CR rate was 36% in
this highly refractory group of patients. Overall and
progression-free survival was 20 and 16%, respec-
tively, at 5 years after transplant.

Sixty-one patients with multiple myeloma have
undergone allogeneic SCT at DFCI.21,24 The majority of
patients had advanced Durie–Salmon stage II–III dis-
ease at diagnosis, and all patients had chemotherapy-
sensitive disease at the time of transplant. The abla-
tive regimen included cyclophosphamide and TBI in
80% of patients, and busulfan and cyclophos-
phamide in the remaining 20% of patients in whom
prior radiation therapy precluded the use of TBI. All
patients received marrow allografts from HLA-
matched sibling donors which were T-cell depleted
using anti-CD6 monoclonal antibody and comple-
ment lysis as the only form of GvHD prophylaxis.
The overall TRM was low (10%), primarily due to the
fact that only 17% of patients developed grade II or
greater GvHD. The CR rate was 22%, and 60% of
patients achieved PR. The median and progression-
free survival was 22 months and 12 months, respec-
tively.

Recently, Martinelli et al. reported the results of 68
patients receiving allogeneic transplantation. The
majority (56) received bone marrow, while the remain-
ing 16 patients received peripheral blood stem cells
(PBSCs). Conditioning regimens included cyclophos-
phamide and TBI in 48 patients, and busulfan and
cyclophosphamide in 20 patients. GvHD prophylaxis
consisted of cyclosporine with or without methotrex-
ate in 31 patients and T-cell depletion in 37 patients.
Thirty-eight patients achieved a CR at a median of 36
months. 25 Twelve patients achieving a CR were evalu-
ated by PCR and 9 (75%) were PCR negative. Only 1 of
4 patients who were PCR positive relapsed during the
follow-up period.26

Overall, the results of allogeneic SCT in patients
with multiple myeloma demonstrate CR rates ranging
from 22 to 50%. In many trials the treatment-related
toxicity was high (25–56%), primarily related to com-
plications of GvHD, infection, and disease relapse. To
improve outcome, efforts have focused on methods to
reduce both complications of GvHD and disease
relapse.

TREATMENT-RELATED TOXICITY AND
GVHD FOLLOWING MYELOABLATIVE
ALLOGENEIC TRANSPLANTATION

While allogeneic transplantation following myeloabla-
tive therapy is associated with potent antitumor activ-
ity in patients with myeloma, most clinical trials have
reported significant TRM, limiting the effectiveness of
this approach. Acute and chronic GvHD contribute to
the high TRM. The incidence of grade II–IV acute GvHD
in patients receiving cyclosporine and methotrexate
ranges as high as 78% in some studies, with an inci-
dence of grade III–IV GvHD of 14–19%. In the EBMTR
registry, patients with grades III and IV GvHD had an
extremely poor survival.14,23

Using selective T-cell depletion with anti-CD6
monoclonal antibody and complement lysis, investi-
gators at DFCI have reduced the incidence of signifi-
cant GvHD after transplant in patients with multiple
myeloma. When T-cell depletion is used as the only
means of GvHD prophylaxis, the incidence of severe
grade III or IV acute GvHD is less than 7%, with no
deaths attributable to GvHD.21 No evidence of
GvHD was identified in 47% of patients, while 36%
and 12% patients had grades I and II GvHD, respec-
tively. Chronic GvHD was noted in only 20% of
patients. Using an in vivo T-cell depletion approach,
Kroger et al. reported a similar low incidence of severe
GvHD and an overall 6-year progression-free survival
of 31%.27 Unfortunately, this reduction in toxicity
related to GvHD has not been associated with an
increased overall survival rate. As an example, a
recent study using a partial T-cell depletion approach
after myeloablative transplantation was associated
with a low complete response rate (6%) after trans-
planation.28 The EBMTR has reported that patients
receiving T-cell depletion had a similar survival in
comparison to patients receiving other methods of
GvHD prophylaxis.14,23

MYELOABLATIVE CONDITIONING
REGIMENS

A variety of conditioning regimens have been explored
using allogeneic transplantation for multiple myeloma.
Cyclophosphamide, in combination with TBI or busul-
fan, has been used most commonly. No particular regi-
men has been identified to be superior in terms of CR
rates, toxicity, or long-term outcome. As an example,
EBMTR studies using a variety of conditioning regi-
mens did not demonstrate any difference in response
rates between regimens with or without TBI.13,14 Data
from FHCRC support this finding: modified TBI added
to busulfan and cyclophosphamide did not result in
improvement of either relapse or survival of patients
transplanted in the setting of advanced disease.20
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Melphalan has also been included in the condition-
ing regimen for allogeneic transplantation. A small
study of 14 patients treated with melphalan in addi-
tion to busulfan and cyclophosphamide demonstrated
a low TRM.22 In another study, 10 of 13 patients receiv-
ing melphalan 110–120 mg/m2 in combination with
TBI achieved a CR, and 9 patients remained disease
free at 7–70 months after transplantation.29 The over-
all disease-free survival with short follow-up in this
study approached 70%.

PROGNOSTIC FACTORS AND OUTCOME
AFTER MYELOABLATIVE ALLOGENEIC
TRANSPLANTATION

Prognostic factors influencing outcome have been
analyzed in patients with multiple myeloma receiving
allogeneic SCT. The EBMTR analysis demonstrated
improved survival associated with female gender (41%
at 4 years), stage I disease at diagnosis (52% at 4 years),
treatment with one regimen prior to ablative therapy
(42% at 4 years), and achieving CR prior to SCT (64%
at 3 years).13,14,23 IgA subtype and a low serum �2-
microglobulin also conferred a favorable prognosis.
Ability to achieve a CR following transplantation was
the most favorable prognostic factor associated with
prolonged survival.

In 80 patients receiving transplantation at FHCRC,
time from diagnosis to transplant was found to be a
significant prognostic factor.20 Patients undergoing
transplant more than 1–3 years after diagnosis had a
2.5 times greater 100-day mortality, compared with
patients transplanted in the first year after diagnosis.
Patients receiving transplantation beyond the first
year after diagnosis or those with Durie–Salmon stage
III disease had a 1.8 and 2.0 times greater risk of dying
from any cause, respectively. Adverse factors predict-
ing relapse or disease progression included female
patients receiving marrow grafts from male donors, as
well as extensive chemotherapy (greater than eight
cycles) prior to transplant. Only Durie–Salmon stage at
the time of transplant influenced relapse or progres-
sion-free survival, with stage III patients at increased
risk, compared with stage I or stage II patients.

Analyzing the outcome of 62 patients undergoing
allogeneic transplantation at DFCI, advanced disease was
the factor associated with inferior progression-free sur-
vival and overall survival. Other factors, such as age less
than 40, donor/patient sex, Ig isotype, or time from diag-
nosis to transplant, were not found to be significant.24

These analyses demonstrate that advanced-stage
disease is associated with inferior outcomes after trans-
plant. Data from FHCRC suggest that transplant is
more successful if performed early after diagnosis and
prior to extensive therapy. Unfortunately, the TRM
associated with myeloablative allogeneic transplanta-
tion at present is high in patients with myeloma, and

use of this modality in patients earlier in their disease
course must, therefore, be considered carefully.

SYNGENEIC TRANSPLANTATION

The FHCRC and the EBMTR have reported long-term
follow-up of patients receiving syngeneic transplants.
Five of the nine evaluable patients treated at the FHCRC
achieved a CR after transplant, three a PR, and one
patient had no response. Of the five patients who
achieved a CR, three relapsed and one died of myelodys-
plastic syndromes; one patient remains in remission
with a small monoclonal spike at 15 years after trans-
plant. Two patients died of treatment-related complica-
tions early after transplant.30

The EBMTR has reported on 24 patients who
received syngeneic transplant.31 Sixty-eight percent
entered a CR. Three of 17 patients relapsed, and 2 died
of transplant-related complications. The overall survival
and progression-free survival are 73 months and 72
months, respectively. These data were compared with
EBMTR results for autologous and allogeneic trans-
plants. The relapse rate was lower after syngeneic than
autologous transplant, but similar to that observed after
allogeneic transplant. These results suggest that the
higher relapse rate seen after autologous transplant
compared to syngeneic transplant is related either to
reinfusion of malignant cells in the autograft or to the
presence of a GvM effect in the setting of syngeneic
transplantation.

MYELOABLATIVE PERIPHERAL BLOOD
STEM CELL TRANSPLANTATION

Use of allogeneic PBSCs has increased over the last sev-
eral years. PBSC transplantation results in more rapid
engraftment and requires shorter hospital stays than
does SCT.32 Relatively few myeloablative allogeneic
PBSC transplants have been performed to date in
patients with multiple myeloma. In one small study, 10
patients received granulocyte colony-stimulating factor
mobilized PBSCs (median of 9.7 � 108 mononuclear
cells/kg and 14.3 � 106 CD34� cells/kg) from HLA-iden-
tical siblings.33 Engraftment was rapid, with a median
time to both neutrophil and platelet engraftment of
only 13 days. Four patients developed grade II or greater
GvHD; two patients died, one of multiorgan toxicity.
While follow-up is limited, the CR rate was 71%.

COMPARISON OF MYELOABLATIVE
ALLOGENEIC AND AUTOLOGOUS STEM
CELL TRANSPLANTATION

The results of myeloablative allogeneic and autologous
transplant for patients with multiple myeloma have
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been compared.23,24,34–36 The EBMTR performed a ret-
rospective case-matched analysis comparing 189
patients treated with allogeneic transplantation with
an equal number of patients undergoing autologous
transplant.23 The groups were comparable, except that
the median age of patients receiving autologous trans-
plants was 49 years, significantly greater than the
median age of 43 years in patients undergoing allo-
geneic transplant. The CR rate was similar for both
groups; however, the TRM was significantly higher for
allogeneic transplant recipients (41% vs 13%). This dif-
ference in TRM resulted in a significantly improved
median survival for patients treated with autologous
transplant (34 months) versus allogeneic transplant
(18 months). After 4 years of follow-up, the survival
curves for the allogeneic and autologous patient
cohorts come together, and thereafter the long-term
survival rates in both groups were comparable.

Sixty-two patients receiving a myeloablative allo-
geneic transplantation were compared with 162
patients receiving autologous transplantation at DFCI.24

The groups were comparable, with the exception that
patients receiving autologous transplantation had a
higher median age, 50 years versus 45 years; received

transplantation earlier after diagnosis; and had received
fewer regimens prior to transplantation. Patients receiv-
ing autologous transplantation had a superior overall
and progression-free survival at 2 years after transplan-
tation, 74 and 48% respectively, compared with
patients receiving allogeneic transplantation, 58 and
28%, respectively. By 4 years after transplantation, over-
all survival and progression-free survival were similar—
41 and 23% for autologous recipients and 39 and 18%
for allogeneic transplant recipients, respectively (Figure
85.1). The 4-year cumulative TRM was significantly
higher for the allogeneic transplant patients, 24% ver-
sus 13% for autologous transplant patients. Relapse of
disease was the most common cause of treatment fail-
ure for both transplant procedures, but was higher for
patients receiving autologous transplantation, 56%,
compared with 46% for those receiving allogeneic
transplantation (Figure 85.2). Therefore, despite the
lower incidence of relapse following allogeneic trans-
plantation, the high TRM following allogeneic trans-
plantation results in an inferior overall survival when
compared with autologous transplantation. The lower
relapse rate is in part related to the potent GvM effect
mediated by the allogeneic immune system. Efforts are
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Figure 85.1 Progression-free survival: com-
parison of patients receiving either autologous
or myeloablative allogeneic transplantation
for multiple myeloma

Figure 85.2 Comparison of risk of relapse
after myeloablative allogeneic transplanta-
tion and autologous transplantation



currently focused on reducing the treatment-related
toxicity of transplantation using nonmyeloablative
conditioning regimens while preserving the GvM effect.

GRAFT-VERSUS-MYELOMA EFFECT
AND DONOR LYMPHOCYTE INFUSION

Similar to chronic myelogenous leukemia, there are
several lines of indirect evidence supporting the exis-
tence of an alloimmune antimyeloma response, or
GvM effect. This evidence includes the observation
that molecular remissions are more common after allo-
geneic transplantation than after autologous trans-
plantation in patients with myeloma.16 In addition,
the relapse rates are lower after allogeneic transplant
compared with autologous transplantation. Some
patients with persistent evidence of disease after allo-
geneic transplantation gradually achieve complete
remission without further therapy. Finally, it has been
shown that vaccination of the allogeneic donor
against the patient’s idiotypic protein can facilitate
transfer of donor immunity to myeloma at the time of
transplantation.37

Studies of donor lymphocyte infusion (DLI) provide
direct evidence of the existence of a GvM effect38–41

(Table 85.2). The overall response rate to DLI in
patients with myeloma approaches 45%, with com-
plete responses noted in about 25% of patients.
Durable complete responses are noted in half of the
patients who obtain a complete remission, with fol-
low-up over 7 years in some patients. Interestingly,
extramedullary recurrence has been noted in some
patients.45

DLI in patients with myeloma is associated with a
high incidence of GvHD. In one study of 13 patients
treated with DLI, 66% developed evidence of acute
GvHD and 56% chronic GvHD.38 Quantitative PCR
has been used to follow patients after DLI and demon-
strates the close correlation between the onset of
GvHD and GvM.46 Strategies explored to reduce GvHD
following DLI include the infusion of lower numbers
of donor cells, infusion of selective donor cell popula-
tions such as CD4� cells,40,47 or use of T cells trans-
duced with thymidine kinase, which allows for sys-
temic treatment of the recipient with ganciclovir in

the event that severe GvHD develops.48–50 Lokhorst
and colleagues reported responses in some patients
with doses as low as 1 � 107 CD3� cells/kg.51

There is a strong association between GvHD and a
GvM effect, and whether GvHD and GvM are distinct
remains unclear. A review of DLI studies in patients
with multiple myeloma reported that 18 of 22 patients
who developed GvHD responded to the infusion,
while only 2 of 7 patients who did not develop GvHD
responded.41 A second study of 54 patients demon-
strated an overall response rate of 52%, with 73% of
patients who developed evidence of chronic GvHD
responding to DLI.52 Responses to DLI have occurred
in the absence of clinical GvHD, and several patients
remain in durable remission without evidence of
GvHD, suggesting that GvM may indeed be separable
from GvHD in some patients. In an attempt to prevent
relapse and to induce a GvM effect in the minimal dis-
ease setting, prophylactic DLI after myeloablative
transplantation has been explored.

INDUCTION OF GVM AFTER
MYELOABLATIVE TRANSPLANT

Improvement in outcome of myeloablative allogeneic
transplantation requires reducing TRM and maximiz-
ing the GvM effect. One strategy involves combining a
myeloablative T-cell-depleted transplantation with
DLI in hopes of reducing the TRM associated with the
transplant procedure while augmenting the GvM
effect. Twenty-four patients at DFCI were enrolled in a
trial combining a T-cell-depleted myeloablative trans-
plant with prophylactic DLI, 6 months after transplan-
tation.53 Twenty-one patients received cyclophos-
phamide and TBI ablative therapy; busulfan and
cylophosphamide were used in those three patients in
whom prior radiation precluded TBI. The bone mar-
row was purged of T cells with anti-CD6 monoclonal
antibody as the sole means of GvHD prophylaxis.
Despite the use of T-cell depletion, just over half of the
24 patients were eligible to receive DLI. Reasons for
not receiving DLI included rapid relapse, transplant-
related complications such as interstitial pneumonitis,
and GvHD. Nine of the 11 patients who were eligible
to receive DLI at 6 months demonstrated a response,
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Studies N Prior chemotherapy CR (%) PR (%) Overall RR (%)

Table 85.2 Results of Patients with Multiple Myeloma treated with DLI

Salama et al.42 25 3 7 (33) 2 (8) 9 (36)

Lokhorst et al.38 27 13 6 (22) 8 (29) 14 (52)

DFCI40,53 21 0 9 (43) 6 (29) 15/21 (71)

Huff et al.43 16 0 6 (38) 2 (13) 8/15 (50)

Peggs et al.44 19 0 1 (5) 8 (42) 9/19 (47)



with 6 complete responses and 3 partial responses. Six
patients developed acute GvHD after DLI, and four
patients progressed to chronic GvHD. This approach
demonstrates that a significant GvM effect can be
induced by the administration of DLI after transplant;
however, its effect on overall outcome will require fur-
ther follow-up. Ultimately, identifying the T cells
mediating GvM and their target antigens will allow
DLI with antigen-specific T cells to both enhance effi-
cacy and avoid toxicity.

NONMYELOABLATIVE STEM CELL
TRANSPLANTATION FOR MYELOMA

Nonmyeloablative stem cell transplantation (NST) has
been explored as an alternative to myeloablative trans-
plantation for patients with myeloma. A variety of
conditioning regimens and GvHD prophylactic regi-
mens have been employed54–58 (Table 85.3). Several of
these studies have combined an autologous transplant
procedure with a nonmyeloablative transplantation in
order to achieve better disease control and greater host
immune suppression prior to proceeding to nonmye-
loablative transplantation. Overall, these studies
report TRM at 100 days ranging from 0 to 19% and
event-free survival rates at 2 years ranging from 19 to
55%. While initial results are encouraging, data are not
yet available on the durability of these responses. Early
attempts to reduce GvHD complications after non-
myeloablative transplantation using a T-cell depletion
followed by DLI approach have not been encourag-
ing.59

Prognostic features associated with an improved out-
come after nonmyeloablative transplantation include
chemotherapy-sensitive disease, good performance sta-
tus, complete remission after transplantation, and evi-
dence of chronic GvHD.60 Patients with deletions of
13q were at increased risk of relapse after NST, com-
pared with patients without this abnormality.61 These

results demonstrate that induction of the GvM effect
may lead to significant remissions in patients with
myeloma. Identifying the targets of the GvM reac-
tion may help make this therapy more efficacious
and specific.

TARGETS OF GVM EFFECT

Several potential targets of the GvM effect have been
proposed (Table 85.4). Previous studies have focused
on targeting the immunoglobulin idiotype (Id) as a
tumor antigen in myeloma, an approach that has also
been used in B-cell non-Hodgkin’s lymphoma.66,67

Investigators have generated specific anti-Id T-cell
responses in patients with myeloma after high-dose
chemotherapy or autologous transplantation.
Demonstrating that this approach can be adoptively
transferred, immunization of the donor against the
patient’s Id protein has resulted in the development of
Id-specific T-cell responses in recipients after allo-
geneic transplantation.37 Studies are attempting to use
this strategy in nonmyeloablative transplantation as
well.
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Prior Conditioning Treatment-related Event-free 
References N Donor auto regimen for NST mortality survival

Table 85.3 Results of nonmyeloablative allogeneic transplantation in multiple myeloma

Arkansas54 31 MRD 25 Melphalan based 10% at 100 days 1 year 55% 
URD 6 2 year 31% 

MD Anderson55 22 MRD 13 Fludarabine 19% at 100 days 2 year 19%
URD 9 Melphalan 40% at 1 year

Hamburg56 21 URD 21 Fludarbine  10% at 100 days 2 year 53%
Melphalan ATG 26% at 1 year

Hamburg57 17 MRD 7  Yes Fludarbine 11% at 100 days 1 year 71%
MMRD 2 Melphalan ATG 
URD 8

Seattle58 54 MRD 54 Yes TBI 0% at 100 days 2 year 55%

MRD, matched related donor; MMRD, mismatched related donor; URD: unrelated donor; TBI, total body irridiation; ATG, antithymocyte
globulin

Table 85.4 Potential target antigens of the graft-
versus-myeloma effect

Targets identified by T cells
Idiotype 37
MUC-1 62

MAGE family 63
hTERT 64

Targets identified by SEREX
BCMA 65

ROCK-1
KIAA0053
HOMER 3B

Potential targets References



Other candidates targeted by T cells include MUC-1
and members of the MAGE family of genes. MUC-1 is
an immunogenic epithelial mucin present in several
solid tumors and has also been identified on malig-
nant plasma cells.62,68 MUC-1-specific cytotoxic T-cell
lymphocytes have been isolated in the bone marrow of
patients with myeloma.62,69 Vaccination trials in
myeloma are underway, targeting the MUC-1 anti-
gen.70,71 Genes of the MAGE family are expressed in
myeloma and anti-MAGE CTL clones are identified
and were able to kill myeloma cell lines in vitro.63

Distinct populations of T cells may mediate GvHD
and GvM. Specifically, clonal populations of T cells
emerged in three of four patients after CD4� DLI.72

The clones that were detected early after DLI correlated
with GvM effect, while those clones appearing later
were associated with the onset of GvHD. Interestingly,
clones associated with GvM were often detectable
prior to DLI and expanded up to 10-fold after DLI. In
contrast, clones associated with GvHD were unde-
tectable prior to DLI. These findings suggest that DLI
may mediate GvM via an indirect effect on preexisting
T-cell populations, while GvHD post-DLI is mediated
by new T-cell populations that develop after DLI.

While much attention has focused on T cells, evi-
dence is emerging that B cells and humoral immunity
may also play an important role in the GvM effect.
Animal studies have emphasized the importance of
interactions between humoral responses and T-cell
responses, both CD4� and CD8�.73,74 Using SEREX, a
technique in which the patient’s serum is used to screen
recombinant cDNA expression libraries, a large number
of serologically defined tumor-associated antigens have
been identified.75–78 Ten gene products have been iden-
tified in myeloma patients responding to CD4� DLI
using this tool.65 Two of the genes identified were also
weakly recognized in a patient with chronic GvHD, per-
haps suggesting a link between GvM and chronic
GvHD. Two antigens identified, BCMA and ROCK-1, are
highly expressed in primary myeloma cells as well as in
myeloma cell lines, and further characterization of
these myeloma antigens is being pursued to determine
if they may serve as rational therapeutic targets.

FUTURE DIRECTIONS

ADOPTIVE IMMUNOTHERAPY
Data demonstrate that DLI mediates a significant GvM
effect, and this offers the potential to effectively and
selectively treat MRD after transplantation.38,40

Defining the role and timing of DLI after nonmyeloab-
lative transplantation is currently underway. Efforts to
identify the mediators of GvM and their target anti-
gens are in progress, and hopefully it will be possible
to expand antigen-specific DLI ex vivo to treat patients
while at the same time reducing the complications
related to GvHD.

Strategies are also available for increasing the anti-
gen-presenting capacity of myeloma cells and their
ability to stimulate donor T cells targeting myeloma.
CD40 activation of myeloma cells upregulates Class I
and Class II HLA and costimulatory molecules,79 and
CD40-activated myeloma cells trigger a brisk allo-
geneic, as well as autologous, T-cell response.80,81 In
preclinical studies, histocompatible donor cells can be
expanded ex vivo using CD40-activated patient
myeloma cells as stimuli.

Another strategy for ex vivo expansion of T cells for
adoptive immunotherapy is directed toward a novel,
widely expressed tumor antigen derived from the
telomerase catalytic subunit (hTERT).64 hTERT is a
ribonucleoprotein expressed in high levels in more
than 85% of human cancers, including multiple
myeloma, but is expressed in few normal tissues. In
preliminary studies using donor cells, this expansion
strategy has been used to generate MHC Class I
restricted CTL that are specific for an hTERT peptide
and kill hTERT-bearing myeloma cells. These studies
will establish the conditions for testing the efficacy
and safety of allogeneic, as well as autologous, hTERT
CTL immunotherapy, and may provide the framework
for a subsequent clinical treatment protocol in
myeloma.

VACCINATION
Vaccination is another promising area for inducing
antimyeloma immunity. T-cell recognition of myeloma
is suggested by the restricted usage of V� and V� seg-
ments in the peripheral blood82; the presence of acti-
vated Id-reactive CD8� cells83 as well as CD4� cells84;
the growth of T-cell clones by stimulation with IL-2
and F(ab’)2 fragments derived from autologous Id85; as
well as the production of cytokines such as interferon
�(IFN-�), interleukin 2 (IL-2), and IL-4 after stimula-
tion with autologous Id.86,87 The Id-reactive popula-
tion includes T cells that are not MHC restricted and
that recognize conformational epitopes on Ig, as well
as CD4� and CD8� cells, which recognize Id-derived
peptides in association with MHC Class I and Class II
molecules.88 The Id-reactive T-cell expansion has been
correlated with tumor load,83,87 and a shift from type I
to type II T-cell response has been correlated with dis-
ease progression.85 It has been shown that vaccination
with Id67,89 or the use of Id-pulsed dendritic cells90 can
trigger Id-specific humoral and T-cell response in some
patients with myeloma, even after high-dose therapy
and autologous transplantation.

As discussed previously, it is possible to vaccinate
the donor against the patient’s idiotypic protein prior
to transplant and transfer specific donor immunity at
the time of allografting.37,91 This strategy is under
active investigation, coupling donor immunization
pretransplant with patient vaccination following trans-
plantation to boost antitumor immunity. Activated
tumor cells, such as CD40-activated myeloma cells, or
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possibly tumor-associated antigens, such as MUC-1, or
BMCA, may be used to vaccinate donors prior to trans-
plantation.

CONCLUSIONS

Allogeneic transplantation in patients with multiple
myeloma can achieve high response rates, and long-
term remission in some patients. Unfortunately, the
toxicity associated with myeloablative transplantation
has limited the success of this approach. The recogni-
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tion of the existence of the GvM myeloma effect has
renewed interest in allogeneic transplantation in
patients with myeloma, now using a nonmyeloablative
approach in hopes of reducing toxicity related to the
transplant procedure. DLI remains an effective method
for inducing a GvM effect, and the role of DLI after non-
myeloablative transplant is being defined. Efforts to
identify the targets, mechanism of action of the GvM
effect, as well as methods to enhance the GvM effect are
underway. Identification of targets and an understand-
ing of the mechanism of action may lead to more spe-
cific allogeneic immune therapies in the future.
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INTRODUCTION

Multiple myeloma is typically incurable, with a median
survival of 3–4 years.1–3 Conventional chemotherapy
with melphalan and prednisone (MP) produces a
response rate of approximately 50%, with complete
responses (CRs) in less than 10% of patients.4

Combination chemotherapy with additional cytotoxic
agents improves response rates (60–70%), but without
significant survival benefit compared to MP.4–6

The careful evaluation of the efficacy of the various
therapeutic options and their impact on patient out-
come has implications for both practice and research. In
this chapter, we review the current criteria for evaluat-
ing response to therapy in myeloma, summarize estab-
lished and novel prognostic factors for the disease, and
briefly outline the recommended follow-up for patients.

CRITERIA

Strict remission (response) criteria are required to mon-
itor effectiveness of therapy in patients and to evaluate
new drugs and interventions. Response criteria are also
required to compare various therapeutic alternatives,
both in clinical practice and in prospective trials. In
some, but not all instances, response to therapy also
serves as a marker for a good clinical outcome. In addi-
tion to response rates, other estimates of successful
therapy in myeloma include measurements such as
progression-free (PFS) and overall survival (OS).

BASIC PRINCIPLES
The goals of assessing response differ between clinical
practice and clinical trials. In practice, clinicians use
various parameters to make an informed judgment
about whether a given therapy is effective in a patient
with myeloma, and to adjust therapy as needed. This
includes assessment of M-protein levels on the basis of
published response criteria, as well as other clinical
variables. There is room for discretion when certain

results are not available or are deemed clinically unnec-
essary. In clinical trials, however, there is a need to
adhere to strict criteria to ensure that reported results
are reliable and reproducible, as well as to ensure that
results can be compared across clinical trials. 

Several well-established response and survival crite-
ria have been developed for myeloma over the years,
primarily for use in clinical trials, though they have
also been used to guide clinical practice. These criteria
define various categories of response. They also define
progressive disease, which is important in calculating
PFS and event-free survival (EFS). The four most com-
monly used response criteria are those of the Chronic
Leukemia-Myeloma Task Force,7 Southwest Oncology
Group (SWOG),8,9 Eastern Cooperative Oncology
Group (ECOG),10 and the European Group for Blood
and Bone Marrow Transplant/International Bone
Marrow Transplant Registry/American Bone Marrow
Transplant Registry (EBMT/IBMTR/ABMTR).11 Recently
the International Myeloma Working Group has pub-
lished uniform response criteria.11a

CRITERIA FOR RESPONSE AND PROGRESSION
Serum and urine M-protein levels should be deter-
mined by electrophoresis rather than by quantitative
immunoglobulin measurement. Exceptions are made
in cases in which the M-protein value may be unreli-
able. In these cases, quantitative immunoglobulins
should be used. To assess response and progression,
however, serum protein electrophoresis (SPEP) values
should be compared only to SPEP values and quantita-
tive immunoglobulin values only to quantitative
immunoglobulin values.

The international uniform response criteria11a are
the standard criteria for clinical trials and have been
adopted recently by cooperative groups such as ECOG.
These criteria partially take into account hemoglobin,
calcium, bone changes, and bone marrow plasmacyto-
sis for assessment of response, but rely heavily on mea-
surement of serum and urine M protein.

For clinical trial purposes certain arbitrary levels of
serum and urine M-protein values are considered
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“measurable,” to ensure that a decrease in the M pro-
tein meeting requirements for response would be of
sufficient magnitude to not be considered a laboratory
variation. A “measurable” serum M protein is typically
defined as �1 g/dL and a “measurable” urine M spike
is defined as �200 mg/24 h. Responses cannot be reli-
ably ascertained using M-protein measurements if the
baseline values are below the “measurable” threshold.

Standard definition of response and progression
By definition, the criteria require that M-protein
reductions be confirmed by consecutive determina-
tions. Responding patients should also have no evi-
dence of progressive disease. 

Bone marrow biopsies are not required to confirm
PR or MR, but are required for the definition of CR and
to evaluate response in patients with nonsecretory
myeloma. Skeletal radiographs are not required to con-
firm response, but should not show evidence of pro-
gression if performed. A summary of the criteria listed
below is provided in Table 86.1.

Complete response  Patients who have complete disap-
pearance of M protein (negative immunofixation on
the serum and urine) and 5% or fewer bone marrow
plasmacytosis are considered to have achieved a CR. In
addition, any soft-tissue plasmacytomas should disap-
pear, and there should be no known increase in the
size or number of lytic bone lesions. Patients meeting
criteria for CR who have no clonal cells in the bone
marrow and have a normal free light chain ratio are
categorized as “stringent CR.”

Very good partial response  The VGPR category is a use-
ful measure of response that has gained clinical signifi-

cance, as patients who achieve at least a VGPR with the
first autologous stem cell transplant do not benefit from
a second (tandem) transplant. For practical purposes, it
distinguishes patients who have had near disappear-
ance in their M spike but are still immunofixation posi-
tive from those who merely have a 50% reduction in
their serum M spike. To be considered VGPR, patients
must meet all of the following criteria:

■ greater than or equal to 90% reduction of M protein
from serum (also includes achievement of a detectable
but not quantifiable monoclonal protein by SPEP or
by immunofixation only); 

■ urine M spike to be �100 mg/24 h (also includes
achievement of a detectable but not quantifiable
monoclonal protein by urine protein electrophore-
sis or by immunofixation only); 

■ no increase in size or number of lytic bone lesions.

Partial response  To be considered a PR, patients should
have a �50% reduction in the level of the serum mon-
oclonal protein and a reduction in 24-h urinary light-
chain excretion either by �90% or to �200 mg/24 h. If
present at baseline, there should also be a �50% reduc-
tion in the size of any soft-tissue plasmacytomas (by
radiography or clinical examination), and there should
be no increase in the number or size of lytic bone
lesions. (Development of a compression fracture does
not exclude response.) FLC criteria are used in patients
without measurable disease.

In patients with nonsecretory myeloma, a �50%
reduction in plasma cells in a bone marrow aspirate
and on trephine biopsy must be documented in place
of the M-protein and FLC requirements provided base-
line bone marrow plasma cell percentage is 30% or
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Response categorya Monoclonal protein/plasmacytoma Bone marrow

Table 86.1 Response criteria for myeloma

Complete response (CR) ■ Negative immunofixation on the serum and urine and �5% plasma cells
■ Disappearance of any soft-tissue plasmacytomas

Very good partial ■ �90% reduction of serum M protein and 
responseb ■ Serum and urine M protein detectable on immunofixation but not 

on electrophoresis, or
■ Urine M protein �100 mg/24 h and
■ Disappearance of any soft-tissue plasmacytomas 

Partial response ■ �50% reduction of serum M protein and Not a response requirement
■ Reduction in 24-h urinary M protein by �90% or to �200 mg/24 h except in nonsecretory
■ If present at baseline, a �50% reduction in size of soft-tissue myeloma where a �50%

plasmacytomas reduction in plasma cells is 
■ If serum and urine M protein unmeasurable, a �50% decrease required in place of M protein

in the difference between involved and uninvolved free light-chain
(FLC) levels is required in place of the M-protein criteriab

aThe criteria for response require M-protein reductions to be confirmed by consecutive determinations and that there be no known increase
in the size or number of lytic bone lesions on skeletal imaging.
bShould not be used to assess response if serum and/or urine M protein are measurable. Baseline involved FLC level must be 10 mg/dL
(100 mg/L) or higher and serum FLC ratio must be abnormal for FLC criteria to be used to assess response.



higher. At Mayo Clinic, these bone marrow criteria are
also used for patients in whom neither the serum nor
the urine M-protein levels are “measurable” at baseline,
i.e., patients with oligosecretory myeloma.

Stable disease Failure to meet response criteria for CR,
VGPR, PR, or progressive disease is considered as stable
disease.

Relapse from CR  Patients in CR are considered to have
“relapse from CR” if there is reappearance of serum or
urine M protein by immunofixation or electrophore-
sis, development of �5% plasma cells in the bone mar-
row, or appearance of any other sign of progression
(i.e., new plasmacytoma, lytic bone lesion, or hyper-
calcemia). Relapse from CR is used only to calculate
disease free survival (DFS).

Progressive disease  Progressive disease for patients not
in CR is defined by the presence of one or more of the
following features, and is used to calculate time to pro-
gression (TTP) and progression free survival (PFS):

■ increase in serum M protein to �25% above the
lowest response level, which must also be an
absolute increase of at least 0.5 g/dL; 

■ increase in 24-h urine M protein to �25% above the
lowest remission value, which must also be an
absolute increase of at least 200 mg/24 h of urine M
protein;

■ increase in bone marrow plasmacytosis by �25%
above the lowest remission value, which must also
be an absolute increase of at least 10% bone marrow
plasma cells; 

■ development of new soft-tissue plasmacytomas or
bone lesions. Compression fracture does not
exclude continued response and may not indicate
progression;

■ definite increase in size of existing plasmacytomas
or bone lesions. At Mayo Clinic, a definite increase
is defined as a 50% (and at least 1 cm) increase as
measured serially by the sum of the products of the
cross diameters of the measurable lesion; and 

■ development of hypercalcemia as defined by serum
calcium �11.5 mg/dL (not attributable to any other
cause);

■ progression based on FLC criteria (see below).

The Bladé criteria require that M-protein levels for
relapse from CR and progression listed above be con-
firmed by at least one repeat investigation.

Definitions for response using the free 
light-chain assay
The serum free light-chain (FLC) assay is of particular
use in monitoring response to therapy in patients who
have oligosecretory or nonsecretory myeloma, in whom
serial bone marrow biopsies are often impractical and
cumbersome.

The test is highly sensitive and consists of two separate
assays: one to detect free kappa (normal range 0.33–1.94
mg/dL) and the other to detect free lambda (normal range
0.57–2.63 mg/dL) light chains.12 In addition to measuring
the levels of free-light chain, the test also allows assess-
ment of clonality based on the ratio of kappa/lambda
light-chain levels (normal reference range 0.26–1.65).13

Patients with a kappa/lambda FLC ratio �0.26 are typi-
cally defined as having monoclonal lambda FLC, and
those with ratios �1.65 are defined as having a mono-
clonal kappa FLC. The monoclonal light-chain isotype is
referred to as the “involved” FLC isotype, and the oppo-
site light-chain type is the “uninvolved” FLC type. Thus,
a patient with a ratio of �1.65 on the FLC ratio has a
monoclonal kappa FLC isotype, where the kappa is the
“involved” FLC and the lambda is the “uninvolved” FLC.

When using the FLC assay, the FLC levels vary consid-
erably with changes in renal function and do not solely
represent monoclonal elevations. Thus, both the level of
the involved and the uninvolved FLC isotype (i.e., the
involved/uninvolved ratio or involved/uninvolved dif-
ference) should be considered in assessing response. The
criteria listed below take this factor into account.

Until further validation, the serum FLC assay crite-
ria should be used in assessing response and progres-
sion only if the baseline serum and/or urine M pro-
teins are not “measurable” by the traditional criteria
discussed earlier. In addition, the baseline level of the
involved FLC should be at least �10 mg/dL and the
FLC assay should have an abnormal ratio (clonal).

Complete response  To be considered a CR, normalization
of the FLC ratio and negative serum and urine
immunofixation are required. In addition, patients
should meet other nonparaprotein requirements for CR.

Partial response  To be considered a PR, a 50% decrease
in the difference between involved and uninvolved
FLC levels, is required in place of the M-protein crite-
ria. Other requirements of PR must also be met.

Progressive disease  The following change qualifies as
progression:

■ a 50% increase in the difference between involved
and uninvolved FLC levels from the lowest response
level, which must also be an absolute increase of at
least 10 mg/dL.

ESTIMATES OF SURVIVAL
Several estimates of survival have been developed to
assess the efficacy of therapy and to describe prognosis
in clinical cancer research. These include OS, disease-
free survival (DFS), PFS, and EFS. OS is the gold stan-
dard for comparing therapeutic strategies, but has lim-
itations because even in randomized trials patients
often cross over to treatment offered in the opposing
arm when discontinuing assigned therapy.
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PFS, usually defined as time from start of therapy to
disease progression or death,14 can serve as a surrogate
for OS. EFS, which is the duration from start of ther-
apy to predefined events such as disease progression
or relapse, death, or serious toxicity, can also be used
as an important endpoint. When EFS is defined from
start of therapy to death from any cause or progres-
sion (whichever occurs earlier),15,16 it is the same as
PFS. On the other hand, time to progression (TTP)17 is
usually measured from start of therapy to disease pro-
gression, with deaths due to causes other than pro-
gression not counted as an event, but censored at that
time point. 

Response duration, which is measured only in
responding patients, also provides an estimate of drug
efficacy. In myeloma, often only a subset of patients
respond to a specific drug, and although TTP or PFS for
the entire cohort may appear small, the benefit in
responders may be substantial.17,18

DFS applies only to patients achieving a CR, and
refers to the duration from onset of CR to first evi-
dence of relapse. Since it applies to only a small subset
of patients with myeloma, it is probably not a good
endpoint in this disease.

COMPARING RESPONSE RATES AND SURVIVAL
A comparison of response and survival between patients
receiving different therapeutic strategies can be reliably
made only in the context of a randomized (phase III)
trial. As a general rule, response rates and estimates of
survival should not be compared between trials, e.g.,
comparing two separate phase II (nonrandomized, sin-
gle-arm) trials, except as a hypothesis generating exer-
cise, even if the same response and survival criteria are
used in the trials being compared. 

PROGNOSTIC FACTORS

There is significant variation in survival of patients
with myeloma; though median survival is 3 years,1

some patients can live longer than 7–10 years.19–22

Several prognostic factors that identify groups of
patients with significantly different survival probabili-
ties have been identified, and have become indispens-
able for patient care and counseling (Table 86.2). These
factors are also increasingly used for risk stratification
in clinical trials to ensure that treatment arms are truly
comparable.

Age, stage, hemoglobin concentration, creatinine, cal-
cium, albumin, immunoglobulin class subtype, and
extent of bone marrow involvement are all significant
predictors of survival.23–25 However, they add minimal
additional prognostic value, once the major independent
prognostic factors are known.26,27 These include serum
�2-microglobulin (�2M), bone marrow plasma cell label-
ing index (PCLI), karyotypic chromosome 13 deletion or
hypodiploidy, plasmablastic morphology, lactate dehy-
drogenase (LDH), and C-reactive protein (CRP).24,28

STANDARD CLINICAL AND LABORATORY FACTORS
Age
As expected, age has an influence on the outcome of
patients with myeloma.26,27 In particular, patients
younger than 40 years of age have a median survival
that exceeds 50 months.29 In a recent cohort study, OS
was 41 months in patients less than 70 years of age,
compared to 26 months in older patients.1 However,
age does not seem to add major prognostic information
once the �2M and PCLI are known.27 Age also does not
appear to be a significant variable for predicting sur-
vival after autotransplantation for myeloma, though
age restrictions in the larger randomized transplant tri-
als have been to 60 or 65 years.15,16 Retrospective analy-
ses of subsets of older patients transplanted at other
large transplant centers suggest that a specific age limit
need not be imposed in selecting patients for autolo-
gous stem cell transplantation.30

Performance status
Performance status is probably the single most powerful
predictor of outcome in myeloma, but its value has not
been highlighted in the literature. Kyle and colleagues
reported on a study of 1027 consecutive patients with
newly diagnosed myeloma seen at the Mayo Clinic, in
which performance status of 3–4 (using the ECOG scor-
ing system) had a more adverse impact on outcome than
any other single variable including PCLI and �2M.1 One
of the reasons performance status is not on the list of
many studies evaluating prognosis is that most of these
studies use cohorts of patients from clinical trials. Most
clinical trials automatically exclude those with perfor-
mance status 3–4 from participating. In contrast, the
study by Kyle et al. included all patients with myeloma
seen at the Mayo Clinic between 1985 and 1998, not just
patients enrolling in clinical trials. The relative risk of a
performance status of 3–4 was 1.9 [95% confidence
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Table 86.2 Prognostic factors in myeloma

Clinically useful, major prognostic factors
Performance status
Stage (by the ISS staging system)
Cytogenetic studies (conventional cytogenetics and/or 
interphase FISH)

■ Deletion 13 
■ Hypodiploidy
■ t (4;14), t(14;16), or deletion 17p

Lactate dehydrogenase
Plasmablastic morphology
Plasma cell labeling index (limited availability)
Circulating plasma cells (limited availability)

Biologically relevant prognostic factors, with limited 
clinical utility 
Microvessel density
Ras and p53 mutations
Immunophenotyping
Serum IL-6 and soluble IL-6 Receptors



interval (CI) 1.6–2.4], compared to 1.5 for PCLI (95% CI
1.3–1.7) and �2M (95% CI 1.3–1.8). In that study, which
predated the era of new active agents against myeloma,
patients with good performance status had a median
survival of 36 months, compared to 11 months for those
with performance status of 3–4.

Stage
Since 1975, the Durie–Salmon staging system (Table 86.3)
has been used to stage multiple myeloma. The median
survival is about 5 years for those with stage IA disease
and 15 months for those with stage IIIB disease using this
system. The Durie–Salmon staging essentially measures
tumor burden and is limited in the categorization of
bone lesions.24,31 Some studies have also failed to confirm
the prognostic value of the Durie–Salmon stage.26,31 The
Durie–Salmon staging largely loses prognostic value once
the PCLI and �2M are known.27

Recently, Greipp et al. have developed a new staging
for myeloma built with international consensus as a
replacement to the Durie–Salmon staging. The new
International Staging System (ISS) was a collaborative
effort by investigators from 17 institutions worldwide
and involved data from 11,171 patients. It overcomes
some of the drawbacks of the Durie–Salmon staging and
is extremely simple to use. The ISS divides patients into
three distinct stages and prognostic groups based solely
on the �2M and albumin levels in the serum (Table 86.4).

C-reactive protein
The CRP is an acute-phase reactant. It is produced by
hepatic cells in response to interleukin 6 (IL-6). The
serum CRP is a widely available, inexpensive assay, and
has been proposed as a surrogate for measurement of
IL-6 levels. 

Several studies have shown that the CRP has prog-
nostic value in myeloma. 32,33 However, Mayo Clinic
and ECOG studies have failed to confirm the value of
CRP as an independent prognostic factor.26,27

Other miscellaneous clinical and 
laboratory parameters
Several readily available clinical and laboratory
parameters, such as hemoglobin concentration, cre-
atinine, calcium, albumin, immunoglobulin class
subtype, and extent of bone marrow involvement,
are also predictors of survival.23–25,34 Some, such as
hemoglobin, albumin, and creatinine, are already
incorporated into staging systems. When indepen-
dent factors are known, they do not add significant
additional prognostic information.26,27

MAJOR INDEPENDENT PROGNOSTIC FACTORS 
Plasma cell labeling index and measures of plasma
cell proliferation
PCLI is a measurement of the proliferative activity of
the neoplastic plasma cells in myeloma.27,35 The assay
is done on the bone marrow aspirate, using a 

Chapter 86 ■ Definition of Remission, Prognosis, and Follow-Up 917

Table 86.3 Durie-Salmon staging for multiple myeloma

Stage I

All of the following:

Hemoglobin �10 g/dL
Serum calcium �12 mg/dL

On radiograph, normal bone structure or solitary bone 
plasmacytoma only

Low M-component production rates

IgG �5 g/dL

IgA �3 g/dL

Urine light-chain M-component on electrophoresis 
�4 g/24 h

Stage II

Fitting neither Stage I nor III

Stage III

One or more of the following:

Hemoglobin �8.5 g/dL

Serum calcium �12 mg/ dL

Advanced lytic bone lesions

High M-component rates

IgG �7 g/dL

IgA �5 g/dL

Urine light-chain M-component on electrophoresis 
�12 g/24 h

Subclassification

A: Serum creatinine �2 mg/dL

B: Serum creatinine �2 mg/dL

Modified from Durie BG, Salmon SE: A clinical staging system for 
multiple myeloma. Correlation of measured myeloma cell mass with
presenting clinical features, response to treatment, and survival.
Cancer 36:842–854,1975; with permission of John Wiley & Sons , Inc.

Table 86.4 International staging system for 
multiple myeloma

Stage I
�2M �3.5 and albumin �3.5 62

Stage II
Not meeting criteria for Stage I or III 44

Stage III
�2M �5.5 29

Adapted from Greipp PR, San Miguel JF, Durie BG, et al.: A new
International staging system (ISS) for multiple myeloma (MM) from
the International Myeloma Working Group. J Clin Oncol 23(15):
3412–3420, 2005; with permission of the American Society of
Clinical Oncology.

Median survival
Stage (months)



slide-based immunofluorescence method. The princi-
ple underlying the PCLI is that cells in the S phase of
the cell cycle incorporate bromodeoxyuridine, which
is then recognized by a specific monoclonal antibody
(BU-1) directed against it. 

Several studies have demonstrated the prognostic
value of PCLI in myeloma. A high PCLI predicts both
poor OS and PFS. On multivariate analysis, PCLI has
consistently demonstrated independent prognostic
value.33,36–42 Most investigators use a cutoff value of 1
or 2% to identify those with a poor prognosis. At the
Mayo Clinic, a cutoff of 1% or higher has been defined
as a high value. In one study, Greipp et al. found the
median survival of patients with a PCLI �1% to be 17
months, compared to 42 months in those with a PCLI
�1%.27 In another study, the median survival was 21
and 43 months in patients with a PCLI �2% versus
those with values �2%, respectively.43

One of the limitations of the PCLI is that only a few
laboratories in the United States are presently perform-
ing the test. To overcome this limitation, flow cytomet-
ric methods of estimating the proportion of plasma cells
in S phase have been developed. San Miguel and col-
leagues analyzed the cell cycle distribution of plasma
cells in 120 untreated multiple myeloma patients,
using simultaneous CD38 and DNA staining.44 A high
percentage (�3%) of plasma cells in the S phase was an
independent prognostic factor for poor survival.

�2-microglobulin
�2M is a small protein that forms the light chain of the
human leukocyte antigen, and has a molecular weight
of 11,800.45 It is normally excreted by the kidney, and its
serum concentration is elevated in renal failure. There is
an excellent correlation between serum �2M levels and
myeloma tumor burden in the absence of renal failure.46

A high serum �2M level is an established predictor
of poor survival in patients treated with conventional
chemotherapy for myeloma.27,47,48 �2M is also an inde-
pendent predictor of CR, OS, and EFS after transplan-
tation for myeloma.22,49–51 As discussed earlier, it has
been incorporated into the ISS, and hence does not
need to be considered independent of the staging in
the future.52 The utility of serial �2M is undefined, and
it should not be used as a marker for evaluating disease
course or response to therapy.

Cytogenetic abnormalities
Cytogenetic abnormalities are of major prognostic sig-
nificance in acute leukemias and myelodysplastic syn-
dromes. Among myeloma patients treated with stan-
dard-dose or high-dose chemotherapy, the presence of
cytogenetic abnormalities has significant prognostic
value.24,53,54 Cytogenetic abnormalities are usually com-
plex (�3 abnormalities) in myeloma.53,55 Approximately
20% of patients with newly diagnosed disease have
abnormalities on conventional karyotypic analysis.53 In
contrast, the incidence of such abnormalities in relapsed

myeloma increases to 40% or higher.53,56–58 Recent stud-
ies show that cytogenetic abnormalities are present in
most, if not all, patients with myeloma if sensitive
interphase fluorescent in situ hybridization techniques
(FISH) are used.59–61 The most common cytogenetic
changes include deletion of chromosome 13 (30–55% of
patients), deletion of 17p13.1 (10%), t(11;14)(q13;q32)
(15–20%), t(4;14)(p16.3;q32) (15%), and t (14;16)
(q32;q23) (5%).54 The discrepancy is due to the low pro-
liferative activity of neoplastic plasma cells and the
resulting lack of metaphases, which are essential for
karyotypic analysis but not for interphase FISH, which
does not require dividing cells.54,62

Several groups have reported on the prognostic
value of cytogenetic abnormalities detected by kary-
otyping in myeloma.49,58,63 Tricot and colleagues stud-
ied 427 patients undergoing transplantation and found
that patients with chromosomal abnormalities had a
significantly worse outcome compared to those with
normal cytogenetics: OS 29 months versus 55 months,
and EFS 19 months versus 36 months, respectively.
Similar results are seen in patients with relapsed and
refractory myeloma as well.58

There is a significant correlation between the pres-
ence of cytogenetic abnormalities and a high PCLI.55,64

Since the two variables are correlated, the PCLI may
not add significant predictive value to a model that
already contains cytogenetics, and vice versa. However,
there are trends that suggest that the two variables may
achieve independent prognostic significance if studies
are done with a larger sample size.

Deletion of chromosome 13 Several studies show that
deletion of chromosome 13 [Figure 86.1(a) and 86.1(b)]
has a particularly adverse prognostic effect.21,22,65–67

The abnormality is monosomy for the chromosome in
approximately 85% of cases, while in 15% it represents
interstitial deletions involving mainly 13q14.68,69

When present, the prognostic effect of deletion 13
detected by conventional karyotypic analysis is
highly significant. In a study of 1000 patients with
myeloma who received autologous stem cell trans-
plantation, the 5-year survival rate was 16% in those
with karyotypic deletion 13 (163 patients), compared
to 44% in those without the abnormality (830
patients) (P � 0.001). Five-year EFS was 0% versus
28% (P � 0.001), respectively.22

The adverse prognostic effect is also demonstrable
(although to a slightly lesser extent) when deletion 13
is recognized using interphase FISH studies.70–73 In four
different studies, median OS ranged from 15 to 35
months among patients with deletion 13 by inter-
phase FISH, compared to 50–65 months in those with-
out the abnormality.70,72–74 Importantly, in contrast to
karyotypic deletion 13, which is detected in only 15%
of patients, approximately 35–55% of patients have
abnormalities that can be detected by interphase
FISH.54
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The abnormality may also have therapeutic impli-
cations, since patients who demonstrate the presence
of deletion 13 by karyotypic analysis appear to receive
minimal benefit from single or tandem autologous
stem cell transplantation.22,73 Unfortunately, nonmye-
loablative transplantation does not appear to over-
come the poor prognostic effect either.75,76

Other cytogenetic changes The presence of t(4;14)
(p16.3;q32), t(14;16)(q32q23), and 17p13, which are
usually detected by molecular genetic studies such as
interphase FISH or metaphase spectral karyotype imag-
ing, are associated with a markedly adverse progno-
sis.71,77–79

Plasmablastic morphology 
Based on well-defined morphologic criteria, it is possi-
ble to identify a subgroup of patients with myeloma
who have plasmablastic features on bone marrow
examination.80

Plasmablastic morphology is considered to be pre-
sent (plasmablastic myeloma) when �2% plasmablasts
comprise the bone marrow plasma cell population.26

Using the above criteria, a large study of 453 newly
diagnosed patients by the ECOG demonstrated that
plasmablastic morphology is a powerful, independent
adverse prognostic factor for survival.26 In this study,
median OS was 1.9 years in patients with plasmablas-
tic myeloma, compared to 3.7 years in those with non-
plasmablastic morphology. 

One limitation of using plasmablastic morphology as
a prognostic factor is that the interpretation is subjective,
and significant interobserver variation may be present.

Circulating plasma cells and peripheral blood 
labeling index
Circulating myeloma cells are difficult to find in rou-
tinely stained peripheral blood slides in most patients
with myeloma. However, with the use of multiparameter

flow cytometry, or by using the slide-based immunofluo-
rescence method (similar to that described for the PCLI),
these cells can be easily detected and quantified (Figure
86.2).81–84 Witzig and colleagues have shown that the
presence of large numbers of circulating plasma cells is
associated with poor prognosis.85 In a study of 254
patients with myeloma, OS was poorer among those
with a high level of circulating peripheral blood plasma
cells: median survival, 2.4 years (high levels) versus 4.4
years (low or undetectable levels), and P � 0.001.85

Circulating plasma cells also predict for patients
with smoldering multiple myeloma (SMM) that are
likely to progress sooner to active disease.83 In a study
of 57 patients with SMM, the median TTP for patients
with abnormal circulating plasma cells was 0.75 years,
compared to 2.5 years for the rest (P � 0.01). 

Although powerful prognostic factors, circulating
plasma cells, and peripheral blood labeling index are
limited by their availability. Flow cytometric methods
to detect circulating plasma cells are being studied and
can be readily incorporated into clinical practice once
well validated. 
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a b

Figure 86.1 FISH showing (a) normal plasma cell with two copies of chromosome 13 (two probes for each copy), and 
(b) plasma cell in myeloma with deletion of one copy of chromosome 13

Figure 86.2 Circulating plasma cells as seen on florescent
microscopy after staining for cytoplasmic immunoglobulin
light chains



Lactate dehydrogenase
LDH is a powerful, independent prognostic factor in
myeloma.64,86,87 One limitation of the LDH is that only
a small proportion of patients with myeloma (5–11%)
have an elevated level.88 Nevertheless, when elevated,
it predicts for a markedly adverse prognosis. 

OTHER PROGNOSTIC MARKERS WITH BIOLOGICAL
IMPORTANCE 
Numerous other prognostic factors have been identi-
fied, many of which are of major biological impor-
tance, as they shed light on the mechanisms of disease
progression in myeloma. However, their impact on
outcome is minimal once the major independent fac-
tors described above are known, thus limiting their
clinical utility as prognostic tools. 

Microvessel density
Studies in myeloma indicate that bone marrow angio-
genesis is increased in myeloma (Figure 86.3).89–92 There
is also evidence that bone marrow angiogenesis corre-
lates with the proliferation of neoplastic plasma cells
and may be important in disease progression and activ-
ity.89,90 Several studies now show that increased angio-
genesis measured by microvessel density is a significant
adverse prognostic factor in myeloma.93–96 In the ECOG
study, OS was significantly longer in patients with low-
grade angiogenesis (53 months), compared to those
with high-grade (24 months) or intermediate-grade
angiogenesis (48 months) (P 
 0.18).97

Interleukin 6
Although IL-6 is an important growth factor in the dif-
ferentiation of normal B lymphocytes to plasma
cells,98,99 it does not generally induce proliferation of
normal B lymphocytes or plasma cells.100 In contrast,
IL-6 can induce a significant proliferative response in
myeloma cells.98 It appears to have both an autocrine
and paracrine role in the growth and proliferation of

myeloma cells.98,101 The proliferative response of
myeloma cells to IL-6 is a major factor that distin-
guishes malignant proliferating from normal nonpro-
liferating plasma cells.100

Serum IL-6 levels are elevated in about one-third of
myeloma patients, and are more frequently elevated
in plasma cell leukemia. IL-6 levels correlate with
bone marrow plasmacytosis, serum LDH, �2M , and
calcium.102,103

Soluble IL-6 receptors
The activity of IL-6 in myeloma appears to be modu-
lated by the expression of soluble IL-6 receptors (sIL-
6R).100,104,105 In the presence of IL-6, sIL-6R associates
with glycoprotein 130 (gp130), and leads to signal
transduction and augmentation of the IL-6 prolifera-
tion effect.106 sIL-6R potentiates the proliferative effect
of IL-6 on myeloma cells up to 10-fold.104,105

An elevated sIL-6R level has independent poor prog-
nostic value in myeloma.28,33 A multivariate analysis of
388 patients showed independent prognostic signifi-
cance for a sIL-6R �300.33 The sIL-6R level did not cor-
relate with PCLI or other prognostic variables. Adding
sIL-6R to PCLI and �2M allowed improved prognostic
classification, doubling the proportion identified as
high risk.

Immunophenotyping
Certain immunophenotypic features have been sug-
gested to have prognostic value. CD20� plasma cells
in myeloma have been associated with a more aggres-
sive course of disease.107 Initial reports suggested that
the presence or coexpression of CD10 or surface
immunoglobulin may represent poor prognostic fea-
tures in myeloma. However, the prognostic value of
CD10 in myeloma is unclear, as others have reported
conflicting results.107–109 Further, only 15% of myeloma
cells are positive for CD10, limiting its role as a prog-
nostic factor. The presence of surface immunoglobulin
may be indicative of more immature plasma cell clone.
It does not appear that any of these immunopheno-
typic characteristics of plasma cells have independent
prognostic value in myeloma.

Oncogenes and tumor suppressor genes
Mutations in the ras oncogene have been noted in
plasma cells of myeloma, more commonly in the
advanced phase of the disease.110,111 Liu and colleagues
examined the mutational status of the N- and K-ras
genes in 160 newly diagnosed multiple myeloma
patients enrolled on the ECOG phase III clinical trial
E9486.112 The incidence of ras mutations was 39%.
Patients with K-ras, but not N-ras, mutations had a sig-
nificantly shorter median survival, 2.0 years versus 3.7
years, P � 0.02.112

Mutations of the tumor suppressor gene p53 have
also been studied. The incidence of p53 point mutations
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Figure 86.3 Increased bone marrow microvessels in
myeloma bone marrow as visualized by immunohistochemi-
cal staining for CD34



in myeloma in one study was 13%.113 Mutations were
more common (43%) in the more advanced and clini-
cally aggressive forms of the myeloma. 

Alternative measures of plasma cell proliferation
Besides the PCLI and S-phase estimations, other meth-
ods are available to evaluate the proliferative activity of
the plasma cells. Immunohistochemical staining of
bone marrow using the Ki-67 antibody has been pro-
posed as a surrogate marker for the PCLI, because it iden-
tifies plasma cells undergoing active cell division.114 The
correlation between the results of this assay and disease
activity is good, but comparisons suggest a wider varia-
tion of results and lack of correlation with the PCLI.115

Similarly, the use of the proliferating cell nuclear
antigen (PCNA) monoclonal antibody has been pro-
posed as a surrogate marker of cell proliferation.116 The
results of PCNA correlate more closely with PCLI than
with the Ki-67 assay. 

T- and B-cell levels
Several studies have shown that baseline and posttreat-
ment levels of T and B lymphocytes may be important
to outcome in myeloma. San Miguel and colleagues
demonstrated that loss of CD4� T cells is associated
with a worse prognosis in myeloma patients.117

Similarly, an elevated level of T cells with activation
markers or plasma cell markers has been associated
with an unfavorable outcome.118 Kay and colleagues
showed that approximately 20% of patients with
myeloma have increased levels of circulating CD19� B
cells.119 Low numbers of circulating CD19� B-cell level
(�125 	L) were associated with more advanced disease
(clinical stage III, P 
 0.033). Survival was better in

patients with higher levels of circulating CD19 cells
(�125 µL, P � 0.0001). CD19 was found to be an inde-
pendent prognostic factor. 

Recently, Kay and colleagues have confirmed the
above findings in an ECOG phase III trial involving 504
newly diagnosed patients with myeloma treated with
standard-dose chemotherapy.120 Higher baseline levels
of CD3(�), CD4(�), CD8(�), and CD19(�) cells were
each associated with improved survival. Porrata and
colleagues have demonstrated that early lymphocyte
recovery is important for survival, postautologous
transplanatation in myeloma.121

Other novel factors
An association between high serum levels of the carboxy
terminal of telopeptide of type I collagen (ICTP) and sur-
vival has been suggested in newly diagnosed myeloma
patients.122 In one study, patients with high serum level
of ICTP had poorer OS compared to those with low lev-
els with a median survival of 3.5 years versus 4.1 years,
respectively (P 
 0.001).123

Serum levels of thymidine kinase also have prognos-
tic value in myeloma.124 Thymidine kinase may identify
a small subset of patients with a high PCLI. An elevated
IL-2 level is associated with a better prognosis.125

COMBINING INDEPENDENT PROGNOSTIC FACTORS
TO PREDICT OUTCOME 
A combination of independent prognostic factors pro-
vides greater prognostic information than any one
prognostic factor alone. Table 86.5 provides two other
models in which readily available prognostic factors
have been combined to provide powerful prognostic
information.
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No. of Overall survival Event-free survival 
Series Prognostic factors Combination patients (OS) (EFS)

Table 86.5 Combining major prognostic factors to predict outcome in myeloma

Facon et al.73 Deletion 13 by FISH None high 110 Median not reached Median 37 months
at 111 month

�2-microglobulin One high Median 47 months Median 27 months
Both high Median 25 months Median 15 months

Desikan et al.22 �2-microglobulin None abnormal 1000 62% at 5 years 41% at 5 years
Karyotypic deletion 13 Any 1–3 abnormal 20–52% at 5 years 12–34% at 5 years

with exception
of deletion 13

More than 12 months Deletion 13 present 5–35% at 5 years 0% at 5 years
therapy prior to 
transplant
C-reactive protein All 4 factors 5% at 5 years 0% at 5 years 

abnormal

Greipp et al.126 Plasma cell labeling None high 493 46% at 5 years Not available
index
�2-microglobulin Either one high 31% at 5 years Not available

Both high 9% at 5 years Not available



FOLLOW-UP

The follow-up of patients with multiple myeloma is
dependent on a number of factors, including phase of
disease (early untreated vs relapsed refractory), the
stage, presence or absence of ongoing therapy, mode
of therapy, and comorbidity. Patients are typically
evaluated every 4–6 weeks during active therapy, and
every 3–4 months when in the plateau phase of disease
on no therapy or only maintenance therapy. Patients
with active treatment or disease-related complications
may need more frequent monitoring. 

The suggested clinical and laboratory evaluations to
be performed at follow-up are given in Table 86.6.
These are guidelines and need to be modified accord-
ing to clinical need.
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Table 86.6 Standard tests for follow-up

Routine tests to be done at each follow-up
■ Complete blood counts
■ Serum chemistries (include serum creatinine, electrolytes,

and calcium)
■ Serum protein electrophoresis
■ Urine protein electrophoresis

Every 6–12 months
■ Skeletal survey

Based on clinical situation
■ Serum and urine protein immunofixation (at baseline and 

to document complete response)
■ Bone marrow biopsy (at baseline, as needed to clarify 

clinical state, and if needed to confirm
Progression/response)
■ �2-microglobulin, plasma cell labeling index, cytogenetics,

circulating plasma cells, LDH, CRP (at base line, and as
needed to clarify clinical state)
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INTRODUCTION

Despite several recent therapeutic advances, multiple
myeloma (MM) remains incurable, and unfortunately
most patients experience relapse after responding to ini-
tial therapies, including high-dose chemotherapy and
stem cell transplantation (SCT). Long-term remissions
are rare. With conventional chemotherapy, the 5-year
median survival rate is approximately 25%, and approx-
imately 10% of patients live longer than 10 years.1

Multiple regulatory pathways involving cytokines,
adhesion molecules, angiogenesis, and resistance mech-
anisms contribute to the development and progression
of the disease. The complex pathophysiology of MM
makes it difficult to manage the disease successfully.
Over the past 5 years, remarkable improvement in the
understanding of the disease biology has resulted in the
development of targeted therapy interrupting single
or multiple survival pathways for the disease. Newer
agents have been developed that have provided hope
for better management of relapsed and refractory MM.
Further research is ongoing to target multiple pathways
of the disease simultaneously for more efficient and
durable treatment of the disease. 

THE BIOLOGY OF MULTIPLE MYELOMA

The bone marrow microenvironment consists of extra-
cellular matrix proteins, stromal cells, monoclonal
myeloma cells, vascular endothelial cells, osteoblasts,
osteoclasts, and lymphocytes. The interactions among
the myeloma cells, stromal cells, adhesion molecules,
cytokines, and the factors involved in angiogenesis
play a key role in the pathogenesis of MM and in the
refractoriness of the disease. 

Multiple regulatory pathways are involved in the
development and progression of MM. Interleukin 6 
(IL-6) is an important cytokine in myeloma cell growth
and proliferation.2 Close cell-to-cell contact between
myeloma cells and the bone marrow stromal cells trig-
gers a large amount of IL-6 production that supports
the growth of these cells and protects them from apop-
tosis induced by dexamethasone or other chemothera-
peutic agents.3 In addition, IL-6 can enhance the effect
of other osteoclastogenic factors, such as receptor acti-
vator of nuclear factor (RANK) ligand (RANKL), parathy-
roid-hormone-related peptide (PTHrP), macrophage
inflammatory protein 1� (MIP-1�), IL-1, and tumor
necrosis factor � (TNF�).

Nuclear factor kappa B (NF-�B) is a protein that is
believed to be central to the pathophysiology of MM.
The Rel/NF-�B family of proteins includes inducible
dimeric transcription factors that recognize and bind a
common sequence motif in nuclear DNA.4–7 NF-�B, the
major transcription factor in this family, is a p50/RelA
heterodimer (p50/p65) present in the cytoplasm of
almost all cells.7,8 NF-�B regulates cell growth and apop-
tosis, as well as the expression of various cytokines,
adhesion molecules, and their receptors.9 NF-�B is nor-
mally bound in the cytoplasm to its inhibitor I-�B.7

Stimulation of cells by cytokines, stress, or chemother-
apy can trigger signaling cascades that lead to activation
of I-�B kinase (a heterodimeric protein kinase that cat-
alyzes I-�B phosphorylation). I-�B is then degraded by
the proteasome pathway, releasing free active NF-�B.
After release from I-�B, activated NF-�B translocates to
the nucleus and binds to the promoter regions of several
target genes, thereby triggering their transcription. This
in turn leads to increased expression of various
cytokines and chemokines, adhesion molecules, and
cyclin D, which promote cell growth and survival.6

NF-�B activation also leads to increased expression of
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adhesion molecules, such as ICAM-1 and VCAM-1 by
MM cells, thus facilitating the binding of the myeloma
cells to stroma, in turn causing NF-�B-mediated upregu-
lation of IL-6 secretion by the stromal cells and contribut-
ing to drug resistance.10,11 Therefore, treatment strategies
targeting NF-�B, the malignant cell–stroma interaction,
and the complex cytokine network could result in regula-
tion of the growth and development of the MM cells.

DRUG RESISTANCE MECHANISMS

MM cells, unlike the cells of most other hematologic
malignancies, are highly resistant to chemotherapy. The
membrane cell survival proteins, Bcl-2 and Bcl-XL, are
overexpressed in most MM cells through interaction
with the environment and are associated with inhibi-
tion of apoptosis. Upregulation of these antiapoptotic
members of Bcl-2 contribute to the drug resistance seen
in MM cells.12,13 In a study by Tu et al., Bcl-XL overex-
pression in bone marrow biopsy samples strongly corre-
lated with decreased patient response to melphalan, vin-
cristine, doxorubicin, and dexamethasone.13 Response
rates were 83–87% in non-Bcl-XL-expressing patients,
compared to 20–31% in Bcl-XL-expressing patients.13

Drug resistance continues to pose considerable chal-
lenge to successful treatment of MM patients.14 Tumor
cells develop resistance to cytotoxic agents due to sev-
eral mechanisms, including those mediated by drug
transporter proteins, such as P-glycoprotein (P-gp),15

increased activity of the transcription factor, NF-�B,16

or lung-resistance-related protein (LRP; a major vault
protein).17 Acquired drug resistance in MM cells usu-
ally manifests as a multidrug-resistant phenotype.15,18

The expression of P-gp has not been shown to be
elevated in patients who have not received any
chemotherapy or who have been treated only with
melphalan.19 P-gp expression may be elevated in
approximately 75% of patients treated with vin-
cristine, doxorubicin, and dexamethasone (VAD).19,20

The degree of P-gp expression in myeloma cells corre-
lates with the cumulative dose of doxorubicin and vin-
cristine given to the patient.

LRP is a major nuclear vault protein that blocks the
transport of drugs from the cytoplasm to the nucleus by
forming central plugs of the nuclear pore complexes. Its
spectrum of cross-resistance is wide, covering not only
the classical multi-drug resistance (MDR) phenotype,
but also the platinol- and melphalan-resistant pheno-
types.17,21 P-gp can be expressed in up to half of patients
with MM, and is associated with a poor response to mel-
phalan-based induction chemotherapy and shorter
overall survival duration.22 The response rate was lower
in patients expressing LRP (54%) compared to those
lacking it (87%). Thus, LRP has been proposed as an
important genetic marker for predicting poor therapeu-
tic response and outcome.22 There is increased expres-
sion of LRP in patients with p53 deletion and P-gp. LRP
and P-gp might share a similar regulatory mechanism

mediated by p53, and further research exploring the
role of these genes is underway.22

PROTEASOME INHIBITOR: BORTEZOMIB

Bortezomib (N-pyrazine carbonyl-L-phenylalanine-L-
leucine boronic acid, previously known as PS-341 or
MLN-341), a boronic acid dipeptide, is a specific
inhibitor of the proteasome pathway.23,24 Bortezomib
inhibits the proteasome pathway in a rapid and
reversible manner by binding directly with the 20S pro-
teasome complex and blocking its enzymatic activity.
The proteasome pathway regulates the degradation of
the NF-�B inhibitor, I-�B.25,26 Several effects of borte-
zomib, including the induction of apoptosis in the
malignant plasma cell, appear to be mediated through
inhibition of NF-�B. Bortezomib prevents the degrada-
tion of I-�B and thereby inhibits NF-�B activation.5

In view of encouraging in vitro data, a phase I study
using bortezomib was initiated in patients with refrac-
tory hematologic malignancies (MM, lymphoma) to
determine the maximum tolerated dose (MTD), dose-
limiting toxicity (DLT), and pharmacodynamics of the
molecule.27 Bortezomib was administered at doses rang-
ing from 0.4 to 1.38 mg/m2, twice weekly for 4 weeks,
followed by a 2-week rest. DLTs, including grade III
hyponatremia, fatigue and malaise, and hypokalemia,
were observed at the highest dose levels (1.38 mg/m2

and 1.20 mg/m2); 1.04 mg/m2 was considered the MTD.
Although grade IV events did occur, none was felt to be
related to bortezomib. Evidence of antineoplastic activ-
ity was observed in patients with MM and non-
Hodgkin’s lymphoma. Of the nine evaluable patients
with plasma cell dyscrasias, a complete response was
observed in one patient, and the remaining eight
showed evidence of decreased paraprotein levels or
bone marrow plasmacytosis. In another phase I trial,
DLTs were nonhematologic and included diarrhea and
painful sensory neuropathy. Grade III sensory neuropa-
thy was experienced by two of 12 patients treated at the
highest dose level (1.56 mg/m2).28 Based on the pre-
clinical and phase I activity in MM, a phase II study
(SUMMIT) was initiated in patients with relapsed and
refractory MM.24 The dose established for bortezomib
in the treatment of relapsed/refractory myeloma was
1.3 mg/m2 given twice weekly on days 1, 4, 8, and 11
every 21 days.24 This schedule of at least 72 h between
the dosages of bortezomib allows for the recovery of
the inhibited proteasome, thus minimizing the inci-
dence of significant and severe side effects.
Dexamethasone (20 mg the day of and after each borte-
zomib dose) was permitted if progressive disease was
observed after two cycles, or in the presence of stable
disease after four cycles. A total of 202 heavily pre-
treated patients were enrolled. Of the 202 patients
entered, 193 were evaluable for response. The overall
response rate [complete remission (CR) � partial
response (PR) � minimal response (MR)] was 35% (67 of
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193 patients). Seven patients (4%) had a CR, and 12
(6%) had a near-CR (NCR) (myeloma protein unde-
tectable by electrophoresis but immunofixation posi-
tive). An additional 34 patients (18%) achieved a PR,
and 14 (7%) others an MR.24 The median time to dis-
ease progression for bortezomib as a single agent was 
7 months, compared with 3 months that was reported
for the patients’ previous therapy (P 
 0.01). In a land-
mark analysis, patients who achieved a CR or PR by the
end of the second cycle survived significantly longer
than those achieving other types of responses.
Additional clinical benefits observed in these patients
included increases in hemoglobin levels and platelet
counts, resulting in a reduction in transfusion require-
ments. Moreover, levels of unaffected immunoglobu-
lins improved. The factors that predicted poor response
to bortezomib were older age (�65 years) and �50%
plasma cells in the bone marrow. In this bortezomib
trial, serum �2-microglobulin level, number or type of
previous therapies, and chromosomal abnormalities,
including chromosome 13 deletions, did not predict
for poor response. This observation might be impor-
tant for future development of bortezomib therapy in
combination with other agents or strategies, especially
in patients with poor prognosticators.24,29,30

Drug-related adverse events of any grade occurring in
�25% of patients included nausea (55%), diarrhea
(44%), fatigue (41%), thrombocytopenia (40%), periph-
eral neuropathy (31%), vomiting (27%), and anorexia
(25%). The most common grade III adverse events
included thrombocytopenia (28%), fatigue (12%),
peripheral neuropathy (12%), and neutropenia (11%).
The most common grade IV events included thrombo-
cytopenia (3%) and neutropenia (3%). Peripheral neu-
ropathy was more likely to occur in patients who suf-
fered from neuropathy at baseline (80%). Among the 33
patients who did not have evidence of peripheral neu-
ropathy on study entrance, 17 developed peripheral
neuropathy during the course of therapy. Most of the
adverse events reported during the trial were manage-
able with standard supportive symptomatic therapy. 

Bortezomib is an active agent in the management of
relapsed/refractory MM, with responses occurring rela-
tively quickly (within 6 weeks of the initiation of ther-
apy). In view of its ability to sensitize myeloma cells to
other biologics and chemotherapeutic agents,22,31,32

further development using the agent in combination
with other agents at low dosages is in progress. A main-
tenance strategy is being investigated as part of the
phase III, APEX (Assessment of Proteasome Inhibition
for Extending Remissions) trial. Studies defining the
dose and the frequency are urgently needed to maxi-
mize the benefits of this drug’s mechanisms of action.

THALIDOMIDE

Thalidomide is unique in that it is the only anticancer
agent in the treatment of MM that maintains the same

high response rate in newly diagnosed as well as in the
relapsed and refractory MM patients.33,34 Thalidomide,
also known as alpha-(N-phthalimido) glutarimide,
consists of a two-ringed structure with an asymmetric
carbon in the glutarimide ring that exists as an equal
mixture of S- (�) and R- (�) enantiomers that inter-
convert rapidly under physiologic conditions. This
makes attempts at isolation of the dextro form, in an
effort to eliminate teratogenicity, unsuccessful. As it is
sparingly soluble in water and ethanol, there is no
intravenous formulation.35 Thalidomide undergoes
rapid pH-dependent hydrolysis in aqueous solution.
Mean terminal half-lives for a 200-mg dose range from
4 to 9 h, whereas higher doses of 800 mg have a sub-
stantially longer terminal half-life of approximately 
8 h.36 Pharmacokinetics in renal and hepatic dysfunc-
tion is not well established; in patients with renal fail-
ure secondary to MM, however, similar dose levels to
those for patients with non-impaired renal function
are used.

Thalidomide inhibits angiogenesis and induces
apoptosis of established neovasculature in experimen-
tal models.37,38 The bone marrows of MM patients
show prominent vascularization, which correlates pos-
itively with high plasma cell labeling index disease
activity and independently confers a poor progno-
sis.39–42 Moreover, the plasma levels of various angio-
genic cytokines, such as basic fibroblast growth factor
and vascular endothelial growth factor (VEGF), are ele-
vated in patients with active myeloma.40–42

The first study of thalidomide in MM by Singhal
et al.43 consisted of 84 previously treated patients
with refractory myeloma, 76 of whom had relapsed
after high-dose chemotherapy. Oral thalidomide was
administered as a single agent for a median of 80 days
(range 2–465). The starting dose was 200 mg daily, and
this was increased by 200 mg every 2 weeks to a maxi-
mum of 800 mg/day. The response was assessed based
on a reduction of myeloma protein in serum or urine
that lasted for at least 6 weeks. The serum or urine lev-
els of paraprotein were reduced by at least 90% in eight
patients, two had a complete remission (CR), six
patients had a 75% reduction of paraprotein, seven
patients had a 50% reduction, while six had a 25%
reduction, accounting for a total rate of response of
32%. Reductions in the paraprotein levels were appar-
ent within 2 months in 78% of the patients who
responded to therapy. This was associated with
increased hemoglobin levels and decreased numbers of
plasma cells in the bone marrow. The microvascular
density of bone marrow, however, did not significantly
change in responding patients. After 12 months of
follow-up, Kaplan–Meier estimates of the mean (
SE)
rates of event-free survival and overall survival for all
patients were 22 
 5% and 58 
 5%, respectively.43 A
more recent follow-up included 169 patients with
advanced myeloma, in whom 67% had abnormal
cytogenetics (CG) and 76% a prior autotransplant.44 A
25% reduction in the M protein was noted in 37% of
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the patients, and �50% reduction in 30% of the
patients; NCR or CR occurred in 14%, more frequently
in patients with low plasma cell labeling index and
normal CG. Two-year event-free and overall survival
rates were 20 
 6% and 48 
 6%, respectively. Superior
2-year event-free and overall survival was seen in
patients with normal CG, normal plasma cell labeling
index, and �2 -microglobulin of 3 mg/L or less. The
therapy was well tolerated considering that most of
the patients were previously heavily treated for their
advanced disease. At least one third of patients had
mild or moderate constipation, weakness or fatigue, or
somnolence. More severe adverse effects were infre-
quent (occurring in fewer than 10% of patients), and
hematologic effects were rare.43 Similar findings have
been reported by other study groups (Table 87.1).

COMBINATION THERAPY
Pegylated doxorubicin (Doxil), vincristine, and dex-
amethasone (DVd) is an active combination used in
the management of newly diagnosed MM with equiv-
alent response rates and quality of responses to those
of VAD therapy.48,49 Moreover, in the relapsed/refrac-
tory setting, the response rates are modest and durable
only when patients achieve a NCR or better, which is a
rare occurrence (overall response rate is 22% and NCR
is �5%).50 DVd significantly reduces the amount of
abnormal angiogenic activity in treated patients; how-
ever, this finding does not impact progression-free sur-
vival.48 Thalidomide has a direct antimyeloma effect
in addition to its ability to modulate integrins, render-
ing the myeloma cell vulnerable and sensitized to dif-
ferent chemotherapeutic agents. It was combined with
DVd in newly diagnosed active MM as well as in
advanced progressing relapsed/refractory disease, with
the primary objective of improving the response rate,
quality of response, and of maintaining the antiangio-
genic activity achieved with the DVd regimen. The
overall CR/NCR rate was 47% in relapsed/refractory
patients, compared to 46% in newly diagnosed dis-
ease.50 Time to best response was similar for both
groups. Stable disease or improvement occurred in
89% of the patients with relapsed/refractory disease. 

Early studies from the University of Arkansas have
shown that patients with �2-microglobulin of 3gm/dL
or less, normal CG, and normal plasma cell labeling

index were the most sensitive to thalidomide therapy.44

A phase II study evaluated the role and efficacy of
thalidomide in combination with interferon alpha-
2B.46 In this trial, a multivariate analysis for overall sur-
vival demonstrated that age greater than 65 years
(median, 9.2 months vs longer than 26 months; 
P 
 0.011), raised serum lactate dehydrogenase levels 
(P 
 0.002), and raised serum creatinine (P 
 0.007) pre-
dicted inferior outcomes. Those factors could have been
influenced by the addition of interferon to the therapy. 

Overall, thalidomide as a single agent or in combi-
nation is well tolerated. Tolerability depends on the
starting dose of therapy, the maximal target dose, the
cumulative dose, and the type of agents with which
thalidomide is combined and the intensity of the
schedule for those agents. The most critical side effect
that is noted is the increased incidence of deep venous
thrombosis. Plasma cell dyscrasia appears to be associ-
ated with a high incidence of thrombotic events.51

This finding is supported by the increased incidence of
thrombotic events in patients with monoclonal gam-
mopathy who are not receiving any active therapy. Of
interest is the absence of any significant increase in the
incidence of those events with the use of thalidomide
in combination with dexamethasone, when the latter
was used in a less intense schedule compared to the
more frequent, intense steroid timetable.33,34,52 When
used in combination with chemotherapy, particularly
anthracyclines, the incidence of deep venous throm-
bosis is significantly increased and can be reduced to
baseline by the use of low-dose aspirin or low-molecu-
lar-weight heparin.50,52 In summary, when thalido-
mide is used as a single agent or in combination with a
nonintense steroid schedule (dexamethasone at 
40 mg/day for 4 days with 10 days off), prophylactic
anticoagulation is not warranted. When used in com-
bination with anthracycline-based regimens, low-dose
aspirin prevents deep venous thrombosis with no side
effects.

In patients with relapsed or refractory disease who
are slowly progressing, it is reasonable to consider the
use of thalidomide as a single agent, starting with a
low dose of 50 mg daily and incrementing this dose by
50 mg a week to a maximum of 400 mg/day. This dose
strategy allows patients to develop tolerance to the
side effects, especially somnolence, and capitalizes on
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Table 87.1 Thalidomide in relapsed/refractory multiple myeloma

Partial EFS OS
No. of Thalidomide response or % of Duration of % of Duration of 

References patients dose (mg) better (%) patients follow-up patients follow-up

Yakoub-Agha et al.45 83 400 48 50 1 year 57 1 year

Mileshkin et al.45 75 600 28 50 5.5 months 50 15 months

Neben et al.47 83 400 20 45 1 year 86 1 year

EFS, event-free survival; OS, overall survival.



the data suggesting that the cumulative dose in the
first 3 months of therapy could influence the outcome
of therapy.45,47 If patients do respond to monotherapy,
then progress at a later time, the addition of steroids
provides another chance at a response that could be as
high as 50%.53 In patients with more advanced disease
or with quickly progressing MM, the use of thalido-
mide in combination with steroids or chemotherapy is
reasonable. In this population, the time to achieve a
response is approximately 0.7 months, and the
response rates are around 70%.53 The use of thalido-
mide in combination with DVd improves the response
rate and the quality of response. The progression-free
survival at 14 months is significantly improved when
compared to DVd alone, and the results appear to be
better than what was noted with thalidomide and dex-
amethasone alone.50,53 A phase III trial is in progress to
compare dexamethasone and thalidomide to DVd-T.

IMMUNOMODULATORY ANALOGS 
OF THALIDOMIDE

The efficacy of thalidomide has been limited by adverse
effects, which include sedation, neuropathy, constipa-
tion, and deep vein thrombosis. This spurred the devel-
opment of thalidomide-derived immunomodulatory
analogs, known as immunomodulatory drugs (ImiDs).
Like thalidomide, IMiDs inhibit angiogenesis and act
directly on MM cells to induce both apoptosis and
growth arrest in resistant cells. They also block the
adhesion of myeloma cells to bone marrow stromal
cells and the associated protection against apoptosis,
and thus affect myeloma cell growth, survival, and
migratory factors such as IL-6, tumor necrosis factor �
(TNF�), and VEGF. In addition, they expand natural
killer cell and T-cell numbers, and improve function
against human myeloma cells and enhance their sus-
ceptibility to antibody-dependent cell-mediated cyto-
toxicity in vivo.54–56 The addition of an amino group at
position 4 of the phthaloyl ring in thalidomide struc-
ture led to the generation of CC-4047, and with the fur-
ther removal of a carbonyl on the ring CC-5013
(lenalidomide) was created. ImiDs are up to 50,000
times more potent at inhibiting TNF� than is the
thalidomide parent compound in vitro, and are
markedly more stable.57

Promising preclinical data led to the first phase I
study of thalidomide analog CC-5013 in 2001, when
25 patients with relapsed and refractory MM were
treated with 5–50 mg/day of CC-5013. Patients
enrolled in this study had received a median of three
prior regimens, including autologous SCT and prior
thalidomide in approximately two thirds of the
patients. Grade III myelosuppression developed after
28 days in all 13 patients treated at the highest dose
level of 50 mg/day. In 12 of these patients, dose reduc-
tion to 25 mg/day was well tolerated and was consid-

ered the maximum-tolerated dose.58 No significant
constipation or neuropathy was seen in any cohort,
and encouragingly, responses were seen in 17 (71%) of
24 assessable patients, including 11 patients (46%) who
had received prior thalidomide.58 Further studies evalu-
ating CC-5013, either alone or in combination with dex-
amethasone, have shown encouraging results in patients
with MM at first relapse, or for relapsed/refractory MM.59

Further studies, including a phase III trial, are ongoing
in evaluating the efficacy of CC-5013 (with and with-
out dexamethasone) in patients with relapsed or refrac-
tory disease.60

In a recently published phase I trial of 24 patients
with relapsed or refractory disease treated with CC-
4047, Schey et al. reported encouraging results. Sixty-
seven percent of patients achieved greater than 25%
reduction in paraprotein, 13 patients (54%) had greater
than 50% reduction in paraprotein, and four (17%) of
24 patients entered a CR.61

ARSENIC TRIOXIDE

Arsenic trioxide is an antitumor agent with a multifac-
eted mechanism of action that induces apoptosis in
vitro in MM cell lines and freshly isolated cells from
MM patients. In preliminary studies, it has demon-
strated good clinical activity in patients with late-stage
MM. Arsenic trioxide affects myeloma cell survival,
possibly through the inhibition of glutathione peroxi-
dase, inducing apoptosis and inhibiting the prolifera-
tion of MM cell lines and primary MM cells in a dose-
dependent manner.62,63 Unlike the antitumor activity
of dexamethasone, which is inhibited by IL-6, arsenic-
trioxide-induced apoptosis is not prevented by IL-6.63

Arsenic trioxide induces apoptosis through activation
of caspases 8 and 10 in mutated p53 myeloma cells,
while it does so by activation of caspase 9 in the mito-
chondrial apoptotic pathway in myeloma cells with
functional p53.64 In addition, it inhibits TNF�-induced
cell adhesion, inhibits secretion of IL-6 and VEGF, and
increases dexamethasone-induced apoptosis.65,66 The
cytotoxic action of arsenic trioxide is increased when
administered with ascorbic acid in vitro.67

Cross-resistance to other chemotherapeutic agents is
less likely with arsenic trioxide because it can induce
dose-dependent apoptosis in drug-resistant MM cell
lines.68 Antiangiogenic properties, such as inhibition of
VEGF production and capillary formation, also pro-
mote the antitumor efficacy of arsenic trioxide.68 In
addition, treatment with arsenic trioxide increases
lymphokine-activated killer cell activity and upregu-
lates CD38 ligand and CD38 on immune effector cells
and myeloma cells, indicating that immunomodula-
tion may contribute to its antitumor activity.69 A recent
phase II, multicenter, open-label study of arsenic triox-
ide (ATO) was conducted in 24 MM patients (eight with
relapsed disease and 16 refractory to prior therapy).68
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Patients received ATO 0.25 mg/kg/day for 5 days/week
during the first 2 weeks of each 4-week cycle. Sixteen
patients had grade III or IV neutropenia and one
required antibiotics. Eight of 24 (33%) patients had
reductions in serum M-protein levels in excess of 25%,
while an additional 6 (25%) patients had stable dis-
ease.68 The median time to response was 67.5 days,
with a median duration of response of 130 days.68

Arsenic trioxide therapy lowered serum creatinine
levels in two patients with high baseline values. These
data show that ATO is active and reasonably well toler-
ated as a single-agent salvage therapy, even in patients
with late-stage, relapsed and refractory MM.

TRANSPLANTATION

The role of the autologous hematopoietic progenitor
cell transplant in the management of relapsed MM
evolved in the late 1980s and early 1990s.This is cov-
ered in greater detail in Chapter 83.

NOVEL AGENTS

FARNESYLTRANSFERASE INHIBITORS
Farnesylation is the first and most important step in
the posttranslational modification of Ras proteins,
which are mutated in up to 30–40% of patients with
MM.70 Mutated Ras activates Ras-dependent pathways,
including the MAPK (mitogen-activated protein
kinase) and the PK13 cascades, to form cross-linked
complexes that favor cell survival. In preclinical trials,
R115777 inhibited the growth and survival of MM
cells even in the presence of IL-6.71 In a phase II trial,
R115777 was used to treat 43 patients who had previ-
ously received treatment for MM. Disease stabilization
(defined as 0–25% decrease in the level of paraprotein)
occurred in 64% of patients. Fatigue was the most
common side effect.72

HISTONE DEACETYLASE INHIBITORS
Histone deacytylase (HDAC) inhibitors are a new class of
chemotherapeutic reagents that cause growth arrest and
apoptosis of neoplastic cells. In a recent study, depsipep-
tide, a new member of the HDAC inhibitors, induced
apoptosis in myeloma cell lines in a time- and dose-
dependent fashion, and in primary patient myeloma
cells.73 Another HDAC inhibitor, suberoylanilide
hydroxamic acid (SAHA), potently induced apoptosis of
human MM cells.74 SAHA treatment has been shown to
suppress the activity of the proteasome and expression
of its subunits, thereby enhancing MM cell sensitivity to
proteasome inhibition by bortezomib (PS-341).74 SAHA
also enhances the anti-MM activity of other proapop-
totic agents, including dexamethasone, cytotoxic
chemotherapy, and thalidomide analogs.74 This agent
has shown encouraging results in a phase I trial.75

INHIBITORS OF VEGF RECEPTOR
VEGF stimulates autocrine and paracrine growth of
MM cells. VEGF achieves its action through its bind-
ing to three tyrosine kinase receptors—VEGF recep-
tor 1(also called FMS-like tyrosine kinase receptor 1),
VEGF receptor 2 (also called kinase insert domain
containing receptor), and VEGF receptor 3 (also
called FMS-like tyrosine kinase receptor 4).76 VEGF
receptor 1 is the most commonly expressed VEGF in
MM patients. In a phase II study, no objective
response was seen in patients with refractory MM
when treated with VEGF receptor 2 (SU5416).77

However, antiangiogenic properties of SU5416 can
be used in combination with other agents in treating
relapsed/refractory MM.

BISPHOSPHONATES
Bisphosphonates have a widely recognized antiosteo-
clastic activity and have been shown to decrease skele-
tal events in patients with MM.78 There is growing evi-
dence of direct antitumor action of bisphosphonates
on MM cells. Bisphosphonates act through inhibition
of the ubiquitous mevalonate pathway, inducing
apoptosis of tumor cells, suppressing proliferation and
migration of endothelial cells, and by inhibiting
angiogenesis.76 In addition, bisphosphonates decrease
IL-6 production and induce apoptosis of osteoclasts
through inhibition of farnesyl and gernanyl trans-
ferase activity. Bisphosphonates increase �� T cells,
which cause increased apoptosis of the MM cells.79

Immunomodulatory effects of bisphosphonates are
further being explored.

OTHER AGENTS
Other agents that are under investigation for their role
in the treatment of MM include those that act by inter-
rupting intracellular signaling pathways, including the
inhibitors of insulin-like growth factor 1 (IGF-1) recep-
tor, inhibitors of the heat-shock protein 90, and the
soluble RANKL antagonist, which decreases bone
resorption. Inhibitors of lysophosphatidic acid acyl-
transferase � (CT-32176, CT-32458, and CT-32615) in
combination with HDAC inhibitors are under study
for their role in MM treatment.76 Table 87.2 lists new
agents now under study for treatment of relapsed or
refractory MM.

SALVAGE THERAPIES

Traditionally, salvage therapies included combination
chemotherapy, such as vincristine, doxorubicin, and
dexamethasone (VAD). VAD was the first effective
treatment for melphalan-resistant myeloma.80 Other
agents that have shown efficacy in relapsed or refrac-
tory myeloma, especially myeloma with high prolifer-
ative activity, include combinations such as DCEP
(dexamethasone pulsing and 4-day continuous infusion
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SUMMARY

Disease progression in MM is associated with complex
biologic pathways and processes, making it difficult to
manage the disease successfully, and increasing the
probability of relapse. The pathophysiology of MM
contributes to the development of resistance to stan-
dard therapy. Over the past 2–3 years, there has been a
remarkable expansion in drug development for MM
that will probably result in a positive impact on sur-
vival. This has included development of bortezomib,
lenalidomide, and “rediscovering” thalidomide and
arsenic trioxide, agents that have shown promise in
treatment of relapsed and refractory myeloma.

Novel treatment strategies are further needed to tar-
get the underlying pathogenic mechanisms, but they
must be safe for a predominantly older patient popula-
tion. Nontraditional therapeutic agents having novel
mechanisms of action are under investigation. The cur-
rent approach is to target the progression of myeloma at
multiple different pathways simultaneously. It is proba-
bly time to proceed on two simultaneous developmen-
tal tracks: one, the continuation of the current strategy
to develop targeted therapy; the other, to properly
define the dose, frequency, and combination strategies
of the available new agents. Combination of novel
agents with established therapy may fill an unmet need
in the management of relapsed/refractory MM. 
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88Chapter 88
HYPERVISCOSITY SYNDROME
Marcel N. Menke and Steve P. Treon

2Section 2
SPECIAL TOPICS IN
MULTIPLE MYELOMA

INTRODUCTION

Hyperviscosity syndrome (HVS) can be caused by vari-
ous clinical conditions. It can be observed in condi-
tions where the hematocrit is raised, such as poly-
cythemia vera and pseudopolycythemia, or where
serum proteins are increased or their composition is
altered, such as in paraproteinemias, hyperfibrinogen-
emia, or hypoalbuminemia, as well as in inflammatory
syndromes, hypothermia, increased red blood cell
aggregability, and reduced red cell deformability due
to various congenital and acquired conditions, such as
sickle cell anemia, hyperlipoproteinemia, thrombosis,
or diabetes.1–8

The most common cause of HVS encountered by
hematologists is monoclonal and occasional polyclonal
paraproteinemias, particularly those characterized by
large molecular compounds with a high intrinsic vis-
cosity, such as immunoglobulin M (IgM). Therefore,
among cases of HVS caused by paraproteinemias the
most frequent diagnosis is Waldenström’s macroglobu-
linemia (WM), a B-cell disorder characterized by over-
production of monoclonal IgM. Approximately 17% of
all WM patients show clinical symptoms related to
hyperviscosity (HV).9 HVS can also occur in patients
with multiple myeloma, malignant lymphoprolifera-
tive diseases, lymphoma, monoclonal gammopathy of
undetermined significance (MGUS), and primary amy-
loidosis.2,10–12 These diseases can occur as a result of a
monoclonal paraproteinemia of either IgM, IgG, or
IgA.

PATHOPHYSIOLOGY OF HVS

IMMUNOGLOBULINS
Paraproteinemias due to excess concentrations of
immunoglobulin molecules represent the main disor-
der of blood that primarily contribute to HVS. Excess
concentrations of immunoglobulins are primarily pre-
sent in the plasma. There are five immunoglobulin
classes: IgG, IgA, IgM, IgD, and IgE.

Immunoglobulin M, with which HVS is most com-
monly observed, is a large molecular compound that is
secreted in a pentamer form and weighs approximately
one million daltons. IgM may bind water through its car-
bohydrate component and can also form aggregates.
Due to its large size, 70–95% of the IgM produced is
found in the intravascular compartment.13,14 As a result
of its osmotic draw, IgM leads to expanded blood vol-
ume, and can surreptitiously lead to a factitious anemia.
Paraproteinemias due to smaller sized immunoglobu-
lins, such as IgG and IgA, can also cause HVS, but usually
at much higher serum levels than IgM due to their capac-
ity to diffuse across blood barriers. Immunoglobulins,
which are cationic, can also lower the repulsive forces
between normally anionic erythrocytes and further con-
tribute to HVS through rouleaux formation.15

SYMPTOMATIC THRESHOLD OF VISCOSITY
Serum viscosity is often measured in centipoises (cp),
which is a measure of viscosity relative to water. The nor-
mal range of serum viscosity is between 1.2 and 1.8 cp.
Patients with nonmalignant inflammatory disorders can
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display elevated serum viscosities above 1.8 cp, but gen-
erally are under the symptomatic threshold leading to
HVS. Fahey et al.16 first reported on the “symptomatic
threshold” of viscosity in 1965 in patients with mono-
clonal gammopathies. While acknowledging in their
studies that the serum viscosity at which symptoms
occurred varied between patients, no patient exhib-
ited symptoms at a serum viscosity of less than 4 cp.
Similarly, Crawford et al. reported in a series of 126
patients with monoclonal gammopathies that patients
usually became symptomatic at serum viscosity levels of
�4 cp, whereas, none of the patients in this series who
had a serum viscosity of �3 cp exhibited HVS.17 In a
study of 56 patients with malignant paraproteinemias,
retinopathy was always associated with serum viscosities
�3.8 cp, though in some patients with serum viscosity
levels between 2 and 3 cp, bleeding and neurologic
symptoms were observed.18 Numerous additional stud-
ies have also confirmed the appearance of symptoms at
serum viscosity levels of 4–5 cp.19–22

While many investigators have focused on the use
of serum viscosity levels to evaluate HVS, others have
emphasized the use of whole blood viscosity wherein
both immunoglobulin and hematocrit levels are
taken into account.23 However, in follow-up studies,
MacKenzie et al. demonstrated that serum viscosity
levels were as reliable as whole blood viscosity levels in
identifying HVS in patients with monoclonal gam-
mopathies.24 This is probably due to the high concen-
tration of immunoglobulins present in serum. However,
HVS was reported in a patient with low immunoglobu-
lin levels, in whom a high whole blood viscosity level
was detected, which likely was due to extensive red cell
paraprotein interactions. It therefore appears that eval-
uation of the whole blood viscosity may reveal in cer-
tain individuals the presence of HVS.

CLINICAL FINDINGS

The clinical findings for HVS are summarized in Table
88.1. Symptoms due to HV can be categorized into (1)
general symptoms, such as tiredness, fatigue, weight
loss, and anorexia, (2) neurologic symptoms, such as
headaches, nausea, vertigo, dizziness, ataxia, paresthe-
sia, decreased hearing, and rarely coma, and (3) vascu-
lar disturbances, such as epistaxis, gingival and gas-
trointestinal hemorrhages or menorrhagia, congestive
heart failure, retinopathy (including retinal hemor-
rhages), papilledema, dilated retinal veins and visual
disturbances, and perfusion-related renal problems.
The typical opthalmologic changes in a WM patient
with HVS are depicted in Figure 88.1.

ASSOCIATED MANIFESTATIONS OF HVS
Retinal findings
Circulatory disturbances due to HV can be best appre-
ciated by ophthalmoscopy. Approximately 10% of

patients with HV due to WM have symptoms of visual
disturbance, and up to 50% of these patients will
demonstrate ocular changes.25–27 The percentage of
retinal involvement in patients with HV due to other
paraproteinemias is unknown, but such cases have
been reported.28,29 In a recent study, Menke et al.
examined 46 patients with WM by indirect ophthal-
moscopy and the laser Doppler blood flow technique,
which assessed retinal vessel diameter and blood
flow.30 These studies showed a relationship between
retinal vessel caliber, particularly retinal veins, and
serum viscosity, with increases in the caliber of vessels
accompanying increases in serum viscosity.28,30

Fluorescein angiography has also been used to investi-
gate retinal microcirculation, with finding of increased
arteriovenous passage times and vessel diameters in
WM patients with increased serum viscosities.28,29
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Figure 88.1 Ocular exam of a patient with Waldenström’s
macroglobulinemia depicting typical findings of 
hyperviscosity

Table 88.1 Clinical symptoms of hyperviscosity

(1) General symptoms
– Tiredness/fatigue
– Loss of weight
– Anorexia

(2) Neurologic symptoms
– Headache
– Nausea
– Vertigo
– Dizziness that can rarely lead to coma
– Ataxia
– Paresthesia
– Decreased hearing

(3) Vascular disturbance
– Epistaxis
– Gingival and gastrointestinal hemorrhages or

menorrhagia
– Congestive heart failure
– HV-related retinopathy
– HV-related kidney problems



Among the first clinical signs of HV is the appearance
of peripheral and mid-peripheral dot- and blot-like
hemorrhages in the retina, which are best appreciated
with indirect ophthalmoscopy and scleral depres-
sion.30,31 In more severe cases of HVS, dot, blot, and
flame-shaped hemorrhages can appear in the macular
area, and may be accompanied by retinal edema and
visual disturbance. Although visual acuity usually
improves with plasmapheresis treatment, irreversible
visual loss has been reported.32 Some patients with HVS
show papilledema and markedly dilated and tortuous
veins with focal constrictions, predominantly at the
arterio-venous junctions (i.e., venous sausaging). Other
clinical findings associated with HVS can include
intraretinal exudates resulting from more severe leak-
age from retinal vessels and retinal detachments.33

Fluorescein angiography may be helpful in cases of
intraretinal exudates in identifying areas of leakage.

Corneal and conjunctival findings
Slitlamp examination frequently reveals sludging 
of red blood cells in the conjunctival vessels.
Keratoconjunctivitis associated with HV in patients
with WM has also been reported. In some cases,
corneal and conjunctival crystals consisting of
immunoglobulin deposits can be found in patients
with paraproteinemia.34

Neurologic findings
Common neurologic symptoms of HVS include
headaches, nausea, vertigo, and dizziness, which rarely
can progress to coma.1,14,35,36 Some patients with HVS
can show sensorineural hearing loss.37 In most cases,
neurologic symptoms usually appear at higher viscos-
ity levels (i.e., �4 cp), though early appearance before
retinal findings at lower serum viscosity levels (i.e., 2–3
cp) has also been reported.18

Several animal models have been used to investigate
the neurologic consequences of HVS. The effects of
blood hyperviscosity on functional integrity in the brain
stem have been investigated using brain stem auditory
evoked potentials.38 Animals with elevated blood hyper-
viscosity showed either a total lack of any waveforms, or
a prolongation of waves, indicating a severe disturbance
in functional brain stem integrity, which could be
improved partially with hemodilution therapy. In a
study investigating the cerebral cortical blood flow and
oxygen metabolism in newborn piglets with hypervis-
cosity, cerebral cortical blood flow and oxygen delivery
were found to be decreased.39 Moreover, in studies of the
cerebral microcirculation in macroglobulinemic mice,
decreased plasma velocities in the presence of increased
serum viscosities were observed, whereas red blood cell
velocities were within normal limits or even elevated.
These findings suggest that alterations of viscosity can
lead to disturbances in the microcirculation of the cere-
bral cortex, and are likely to account at least in part for
the neurologic manifestations of HVS.40

Kidney findings
Renal failure is an uncommon manifestation of HVS,
and may result from perturbations in renal perfusion,
leading to ischemic injury of the kidney. In experi-
mental animal models, the influence of blood rheol-
ogy on glomerular hemodynamics has been investi-
gated. Elevation of either serum or whole blood
viscosity resulted in renal vasodilation and decreased
renal blood flow.41,42 Ischemic acute tubular necrosis as
a result of HVS has also been reported in a patient with
WM.43 In HVS-related renal dysfunction, decreased
urine output, defects in concentrating and diluting
urine, and increased serum creatinine may be
observed.43 In such cases, a kidney biopsy can be con-
sidered. Increased mesangial matrix, cytoplasmatic
vacuolation of the epithelial cells lining the proximal
tubules, foci of atypical lymphoplasmacytoid infiltra-
tion in the interstitium, and mitosis in the tubules as a
sign of regenerative activity may be observed in biopsy
specimens from a patient with HVS-induced renal
injury.

TREATMENT OF HYPERVISCOSITY
SYNDROME

PLASMA EXCHANGE/PLASMAPHERESIS
Plasmapheresis can be successfully used as an emergent
therapy for patients with immunoglobulin-related HVS.
Typically, two to four courses of plasmapheresis are
required to achieve symptomatic control. However,
marked improvement in HVS can occur even after the
first course of plasmapheresis. The benefit of plasma-
pheresis usually lasts 4–6 weeks in patients with
immunoglobulin-related HVS, and should be considered
a temporizing measure until definitive therapy can be
initiated to control disease.44 Plasmapheresis can also be
effective in reverting HV-associated retinopathy.28,30,45,46

Improvements in renal function after plasmapheresis
have also been reported in patients with hyperviscosity-
related renal failure.43

In general, the response of patients to plasmaphere-
sis depends on three main factors: (1) the intravascular
component of the protein; (2) the volume exchanged;
and (3) the synthesis rate of the protein being
removed. The IgM molecule is large, with 70–95%
localized in the intravascular compartment. A single
plasma exchange can result in a reduction in serum
IgM by 35%, with a concomitant decrease of 50–60%
in serum viscosity.47 In contrast to IgM, only 40% of
IgG and IgA immunoglobulins are intravascular.
Therefore, plasmapheresis is more likely to be success-
ful in patients with WM, as opposed to multiple
myeloma. There is no evidence that regular removal of
monoclonal proteins accelerates or reduces their rate
of synthesis. Concurrent systemic chemotherapy is
therefore required for long-term management. However,
plasmapheresis may be rarely indicated on a long-term
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basis in patients with hyperviscosity who are drug
resistant or whose only clinical problem is due to the

paraprotein (e.g., immunoglobulin-related neuropa-
thy) rather than tumor burden.14
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BACKGROUND AND DEFINITIONS

Presence of small amounts of monoclonal protein in
the serum detected by protein electrophoresis, in the
absence of clinical or laboratory evidence of multiple
myeloma (MM), Waldenström macroglobulinemia,
light chain amyloidosis, or related disorders, was
described over half a century ago. Since Waldenström’s
initial description of “essential hyperglobulinemia,”
this entity has been described by multiple terms,
including idiopathic paraproteinemia and idiopathic,
asymptomatic, benign, or nonmyelomatous, mono-
clonal gammopathy. The common theme to all these
early descriptions was the presumed “benign” nature
of the abnormality and the relatively stable levels of
paraprotein in these patients. However, long-term follow-
up of these patients has proven that “benign mono-
clonal gammopathy” is a misnomer. These patients
have a definite risk of progression to MM, macroglob-
ulinemia, or amyloidosis, and at the time of diagnosis
it is impossible to predict with any degree of confi-
dence as to who will have disease progression. This led
to coining of the term monoclonal gammopathy of
undetermined significance (MGUS), highlighting the
uncertain nature of the abnormality at the time of ini-
tial detection. 

The hallmark of MGUS is the presence of mono-
clonal protein (M protein) in individuals with no clin-
ical or laboratory evidence of MM, macroglobuline-
mia, light chain amyloidosis, or related plasma cell
disorders. It is characterized by M protein less than 3
gm/dL in the serum with an absence or small amounts
of M protein in the urine; fewer than 10% clonal
plasma cells in the bone marrow; absence of bony lytic
lesions, anemia, hypercalcemia, or renal insufficiency
related to the paraproteinemia. While some of the
abnormalities, such as anemia and renal insufficiency,
are common in this patient population, it is imperative
that an alternate cause for the abnormality be identified
prior to making the diagnosis of MGUS. The stability of
the paraprotein over time and lack of development of

additional abnormalities are important for the defini-
tion of MGUS, though at the time of initial detection
of the M protein these factors are indeterminate. Some
studies that followed these patients for long term have
required demonstrated stability of the M protein for at
least 1 year for inclusion in the study. 

EPIDEMIOLOGY

There appear to be some variation in the prevalence of
this disease, based on geography and race. In a study
from a small southeastern Minnesota community, M
protein was found in 15 of the 1200 adults (1.25%)
aged 50 years or older.1 In a study from Sweden, of
6995 adult patients aged 25 years or older, Axelsson
reported presence of an M protein in 1%.2 Saleun et al.
detected a monoclonal protein in the sera of 334 per-
sons, from among 30,279 French adults studied, trans-
lating to a prevalence of 1.1%.3 In a study from Greece,
a paraprotein was detected in 75 of the 1564 patients
(aged 50–95 years) studied, of whom 60 were classified
as having MGUS.4 Among Japanese patients older than
50 years, Kurihara reported the presence of M protein
in 71 of 2007 samples (3.5%).5 In a convenience sample
of community-dwelling elderly subjects aged 63–95
years seen for health screening examinations, Bowden
found an M protein in 2.7% of Japanese, compared to
10% of Americans.6 African Americans have been
reported to have a higher prevalence of M proteins
compared to that reported in Caucasians.7 In a study
of 1732 elderly subjects (�70 years) selected by strati-
fied random household sampling, Cohen found 106
(6.1%) with a monoclonal gammopathy.8 African
Americans (8.4%) had a greater than twofold preva-
lence of monoclonal gammopathy compared to whites
(3.8%).

The prevalence of monoclonal gammopathy increases
with age, and is greater in men than women.9 In the
Japanese study, 11% of those from 80 to 89 years had
detectable paraprotein in the sera.5 In the study by
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Cohen, the incidence of MGUS among those older
than 70 years was 3.6%.8 In a study of residents from a
retirement home, the prevalence of monoclonal gam-
mopathies was 6% in those younger than 80 years,
compared to 14% in those older than 90 years.10

Ligthart et al. reported the presence of M protein
among 23% of 439 patients aged 75–84, compared to a
control group aged 25–34 years, of whom none had a
detectable paraprotein.11 There is a slight preponder-
ance of male gender among MGUS patient popula-
tions (Male:Female ratio of 1.1 to 1.2).8,12–14 A familial
occurrence of monoclonal gammopathies has been
reported.15

DIAGNOSIS

The detection of a paraprotein in the serum is often an
incidental finding in a healthy individual undergoing
routine testing, or in someone undergoing evaluation
for an unrelated disorder. An agarose gel electrophore-
sis is the preferred method for evaluation of M protein
in the serum, and is more sensitive than cellulose
acetate. The monoclonal protein appears as a localized
band on the agarose gel electrophoresis, and when con-
verted to a densitometric tracing appears as a tall spike
or peak (Figure 89.1). The M spike is usually seen in the
� or � region of the densitometer tracing, though occa-

sionally it can occupy the �2-globulin region. In con-
trast, a polyclonal increase in the gamma globulin is
manifested as a broad peak in the � region. Once an
electrophoretic abnormality suggestive of M protein is
seen on the electrophoresis, immunofixation should be
performed to confirm the presence of the monoclonal
protein as well as to characterize the heavy-chain class
(G, A, M, E, or D) and the type of light chain (� or �). In
addition to identifying the presence of the monoclonal
protein, the protein can be quantitated by rate neph-
elometry, which is important for the follow-up of these
patients. Nephelometry results may be higher than
those expected on the basis of the densitometry tracing
from serum protein electrophoresis, especially in the
case of IgM.

An M protein may also be present in the urine,
which should be examined in patients with mono-
clonal gammopathies. Similar techniques are used
for urine protein electrophoresis, and should be per-
formed on 24-h collections. The percentage of M pro-
tein on the densitometer tracing, and the total pro-
tein excretion over a 24-hour period, will allow
calculation of the M protein excreted during this
time period.

Once an M protein is identified, the next step is to
rule out the presence of another plasma cell disorder,
such as MM, amyloidosis, or macroglobulinemia (see
differential diagnosis, below). A compete blood count
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Figure 89.1 Serum protein electrophoresis
and immunofixation. The left side panels
show the protein electrophoresis and
immunofixation pattern from a normal
serum sample. On the right is a patient with
myeloma and IgG kappa monoclonal pro-
tein. The monoclonal protein appears as an
abnormal band on the agarose gel elec-
trophoresis that is converted to an M-spike
in the gamma region on the densitometric
tracing. The immunofixation demonstrates
the type pf M-protein as an IgG kappa



and chemistry panel, including calcium and creatinine,
should be obtained in all individuals. C-reactive pro-
tein and �2-microglobulin levels should be obtained as
well. The presence of anemia or renal insufficiency
points toward a more advanced plasma cell prolifera-
tive disorder, unless another explanation is found. A
bone marrow biopsy to estimate the plasma cell per-
centage is not necessary for the diagnosis of MGUS,
and should be reserved for those with higher amounts
of M protein (�1.5 gm/dL) or if there is a strong clini-
cal suspicion for another plasma cell disorder. A skele-
tal survey that includes films of the long bones and
skull should be obtained, especially in those with
larger M-protein levels and in those whom clinical sus-
picion for MM is high. 

CLINICAL AND LABORATORY FEATURES 

The majority of patients with MGUS are asympto-
matic. Exceptions are the patients in whom associ-
ated disorders develop, the strongest association
being neuropathy, as described below (Associated
Disorders). The median age at diagnosis of MGUS was
72 years in the Mayo Clinic series and 63 years (24–91
years) in the Italian series.12,13 Laboratory findings
include the M protein in serum, which is less than 3
gm/dL by definition. The median M-protein concen-
tration in the 1384 patients reported by Kyle et al. was
1.3 gm/dL (range: unmeasurable to 3 gm/dL). The M
protein was an IgG subtype in nearly two-third of the
patients, IgA in 12%, and IgM in 15%.13 IgD MGUS is
rare, and isolated case reports can be seen in the liter-
ature.16,17 Given the rarity of this class of
immunoglobulins among MGUS patients, finding an
IgD spike should raise suspicion of MM, amyloidosis,
or plasma cell leukemia. A biclonal gammopathy
(presence of two distinct monoclonal proteins) was
seen in about 3% of patients. The light chain was
kappa in nearly 60% and lambda in the remaining
40%. The levels of the polyclonal uninvolved
immunoglobulins were decreased in nearly a third of
the patients in this study. Other studies have reported
lesser proportions of patients with reductions in the
polyclonal immunoglobulins.12 Light chains were
detectable in 31% of patients with MGUS, with only
17% having 24-h light chain excretions of over 150
mg. The bone marrow plasma cell percentage, when
evaluated, varies between 0 and 10%, with median
values of 3–5% in different studies.12,13 The plasma
cell labeling index (PCLI), a measure of the plasma cell
proliferative rate, is characteristically low. Anemia
may be present in some of the patients, and is usually
related to iron deficiency, renal insufficiency, or
myelodysplasia, which are common in this popula-
tion. Nearly 23% of patients in the Mayo study had
hemoglobin values of less than 12 gm/dL. 

Conventional cytogenetics fail to demonstrate any
significant chromosomal abnormalities in the plasma
cells in MGUS, which is likely a reflection of the low
proliferative rate of these cells. More recently, several
authors have reported the presence of chromosomal
abnormalities in MGUS, similar to that seen in
myeloma, using interphase fluorescence in situ
hybridization techniques.18–21 Fonseca et al. studied
59 patients with MGUS in whom 27 (46%) had IgH
translocations. A t(11;14)(q13;q32) was found in 15
(25%) of 59 patients, a t(4;14)(p16.3;q32) in 9% of the
patients, and a t(14;16)(q32;q23) in 5% of the patients.
Deletion 13 was noted in nearly half of the patients
with MGUS who were studied. Patients with a chromo-
some 13 deletion may be at a higher risk of progression
to myeloma.19

Long-term follow-up studies have provided valuable
information about the outcome of these patients. It is
not clear if the life expectancy of this population as a
group is changed compared to those without MGUS.
Blade et al., in his study of 128 persons with MGUS, did
not find any significant difference in the survival prob-
ability of persons with MGUS compared to a control
population, even though progression to malignancy
was clearly associated with a shorter survival.22 In the
initial Mayo Clinic series of 241 patients, the overall
survival was shorter among those with MGUS com-
pared to an age- and sex-adjusted population.23 Among
the 1384 patients from southeastern Minnesota, evalu-
ated at Mayo Clinic between 1960 and 1994, the
median survival among those with MGUS was clearly
shorter (8.1 years) compared to the expected survival
(11.8) for an age- and sex-matched population.13

Among the 1324 cases of MGUS identified between
1978 and 1993 in North Jutland County, Denmark, a
twofold higher mortality rate was observed compared to
the expected rate for that population.24 Malignant
transformation explained only 20% of the excess mor-
tality in this group. The rest was likely due to other
coexisting medical conditions in this patient popula-
tion, especially during the period immediately follow-
ing diagnosis. 

Patients with MGUS can go on to develop other
plasma cell proliferative disorders, such as MM, amyloi-
dosis, Waldenström’s macroglobulinemia, or a lympho-
proliferative disorder. Direct progression to plasma cell
leukemia also has been reported.25 The risk of progres-
sion persists throughout the course of the disease.
Among the 1384 patients seen at Mayo Clinic since 1970
and followed for a total of 11,009 person-years (median
15.4 years; range 0–35 years), 115 patients (8%) devel-
oped one of the above-mentioned disorders.13 These
included 75 patients with myeloma, 19 with lymphoma,
10 with primary amyloidosis, 7 with macroglobuline-
mia, 3 with chronic lymphocytic leukemia (CLL), and 1
with a plasmacytoma. The cumulative risk of progres-
sion was 10% at 10 years, 21% at 20 years, and 26% at 25

Chapter 89 ■ Monoclonal Gammopathy of Undetermined Significance 945



years, translating to a 1% annual risk. In addition, there
were 32 patients in whom the M-protein level rose to
over 3 gm/dL or the bone marrow plasma cell percent-
age increased to �10% without development of overt
symptomatic myeloma. The risk of development of MM
was calculated to be over 25 fold among these patients,
and that of macroglobulinemia and amyloidosis 46 and
8.4 fold, respectively. The risk of developing lymphoma
or CLL, though higher, was not as dramatic as that for
the plasma cell disorders. The majority of patients with
MGUS (70%) died of unrelated causes during the follow-
up period, with no evidence of progression. The risk of
progression is remarkably similar across multiple stud-
ies. Among the 1104 patients with MGUS reported by
Cesana et al., at a median follow-up of 65 months, the 
M protein remained stable in 907 patients (82%); 111
patients (10%) died from unrelated causes and 64
patients (5.8%) had a malignant transformation.12

This included myeloma (43 patients), macroglobu-
linemia (12), lymphoma (6), plasmacytoma (1), and
CLL (1). Baldini et al. reported a 6.8% rate of malig-
nant transformation among the 335 patients who
were followed for a median of 70 months.26 Among
the 128 patients with MGUS studied by Blade et al.,
progression was seen in 10.2% at a median follow up
of 56 months.22 Carter reported a 6.2% rate of trans-
formation among 64 patients studied for over 3
years.27 Among the 313 patients reported by Paladini
et al., 14% of the patients followed for 5–8 years and
18% of those with more than 8 years of follow-up
developed a malignant B-cell dyscrasia.28 The mean
duration to progression was 63 months (27–138
months) from initial recognition of the parapro-
tein. Similar results have been reported by oth-
ers.29,30 In a study of 1229 patients from the Danish
Cancer Registry, the relative risk of developing MM,
Waldenström’s macroglobulinemia, and non-Hodgkin’s
lymphoma was significantly increased, and the increase
was independent of the time from diagnosis.31

However, the relative risk of CLL was not significantly
increased.

Spontaneous disappearance of the M protein has
been reported, and was seen in 27 patients (2%) in
the Mayo Clinic study. Most of these patients had low
levels of M protein at the time of diagnosis. In the
Italian study, spontaneous disappearance was noted
in 19 patients (1.7%).12 Similar rates of spontaneous
disappearance have been reported in other series, as
well.27

RISK FACTORS FOR PROGRESSION

Identifying patients with MGUS who are at high risk of
progression is important; both from the standpoint of
prognostication as well as for design and implementa-
tion of trials aimed at preventing progression. At the
time of diagnosis, it is difficult to predict the disease

course for an individual, even though several clinical
and laboratory markers have been suggested based on
results from large groups of prospectively followed
patients with MGUS (Table 89.1). In the Mayo Clinic
study of 1384 patients with MGUS, factors associated
with a higher risk of progression included higher 
M-protein levels and non-IgG (IgA or IgM) subgroups.13

The risk of progression to MM or a related disorder at 10
years after diagnosis of MGUS was 6% for an initial 
M-protein level of 0.5 g/dL or less, 7% for a level of 1
g/dL, 11% for 1.5 g/dL, 20% for 2 g/dL, 24% for 2.5 g/dL,
and 34% for 3.0 g/dL. The initial concentration of the M
protein appears to be one of the most important risk fac-
tors, and similar results have been observed in other
large studies. In the Italian series reported by Cesana et
al., patients with MGUS who had more than 1.9 g/dL of
M protein had twice the rate of progression compared
to those with less than 0.95 g/dL.12 In a Danish study
reported by Gregersen et al., the risk of progression
increased with increasing M-protein concentration.14

The type of immunoglobulin also appears to have pre-
dictive value, with those having an IgG paraprotein
being at lower risk of progression compared to those
with an IgA or IgM M protein. In the Italian study,
patients with an IgA or IgM M protein had nearly twice
the rate of progression compared to those with IgG. In a
series of 128 persons with MGUS reported by Blade 
et al., the IgA type of MGUS was the only variable asso-
ciated with a higher probability of progression.22 In the
Danish study, the relative risk of progression for IgA and
IgM were 1.8 and 1.1, respectively, compared to IgG
type paraprotein.14 The proportion of plasma cells in the
bone marrow may help predict the risk of progression.
Cesana et al. noted an event rate of 0.64/100 person-
years among those with 0–5% plasma cells in the mar-
row, compared to 1.35 and 5.96/100 person-years for
those with 6–9% and �10% plasma cells, respectively.12

Baldini et al. reported a transformation rate of 6.8%
among those with a plasma cell percentage of �10%,
which increased to over 30% in those with 10–30%
plasma cells in their marrow. Similar results have been
seen in other studies.32 Suppression of uninvolved
immunoglobulins (immunoglobulin classes other than
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Table 89.1 Factors associated with increased risk of pro-
gression

1. Higher M-protein levels at diagnosis
2. IgA or IgM 
3. Higher percentage of plasma cells in bone marrow
4. Suppression of un-involved immunoglobulins
5. Presence of circulating plasma cells or clonal B cells
6. Bone density abnormalities
7. Advanced age
8. Bence Jones Proteinuria
9. Elevated ESR

10. Abnormal free light chain ratio

ESR, erythrocyte sedimentation rate.



the M protein), characteristically seen in myeloma, can
also be seen in patients with MGUS. In the Mayo study,
nearly 38% of the patients with MGUS had reduction in
the uninvolved immunoglobulin.13 Baldini et al.
reported a 3.6 fold elevated risk of progression with
suppression of one uninvolved immunoglobulin and a
13.1 fold increased risk when two of the polyclonal
immunoglobulins were decreased.26 Cesana et al.
reported a relative risk of 1.6 for reduction in one nor-
mal immunoglobulin, and 7.6 for reduction in two nor-
mal immunoglobulins. Similar predictive values for
suppression of polyclonal immunoglobulins have been
reported by others.14 Clonal plasma cells can be
detected in the peripheral blood in up to 20% of the
patients with MGUS using immunofluorescence
microscopy. Presence of circulating clonal plasma cells
in these patients appears to predict for an increased risk
of progression. In one study, patients who had circulat-
ing plasma cells were twice as likely (relative risk of 2.2)
to progress, most commonly to myeloma, compared to
those without circulating plasma cells.33 Increased
numbers of clonal B cells in the circulation has also
been associated with a higher risk of progression.34

Quantification of free light chains (FLCs) in the serum
offers a new method for disease assessment in patients
with paraproteinemias. The presence of an abnormal
kappa/lambda FLC ratio (kappa/lambda ratio �0.26 or
�1.65) in the serum may help identify those at a higher
risk of progression of their underlying MGUS.35 In a
study of 1384 patients with MGUS, an abnormal ratio
was detected in 379 patients (33%). The risk of progres-
sion in these patients was significantly higher (hazard
ratio 3.5, 95% CI 2.3–5.5; p � 0.001) compared to those
with a normal ratio. The presence of Bence Jones pro-
teinuria nearly tripled the rate of progression in two
large studies, and may help predict risk of progres-
sion.12,26 Increased rates of bone resorption have been
reported in MGUS patients who are at high risk of pro-
gression.36 Modern imaging techniques, such as whole-
body positron emission tomography (18F-FDG PET), may
predict patients with stable disease, though further stud-
ies are needed to validate these findings.37 Increased age
has been reported as a risk factor in a few studies. Baldini
et al. reported a 3.6 fold higher risk of progression for

those older than 70 years.26 In one study, a low sCD16
(soluble Fc gamma receptor type III) level in patients
with MGUS indicated a high likelihood of rapid pro-
gression to MM.38

DIFFERENTIAL DIAGNOSIS

Once the presence of an M protein is detected on pro-
tein electrophoresis or immunofixation, it is important
to consider and rule out other plasma cell proliferative
disorders, including MM, amyloidosis, and macroglob-
ulinemia. The presence of anemia without another
explanation, hypercalcemia, lytic bone lesions, renal
insufficiency that cannot be attributed to another
cause, M protein � 3 gm/dL, large amounts of para-
protein in the urine, bone marrow plasma cells of over
10%, or a high bone marrow PCLI should all raise the
suspicion of MM, rather than MGUS. However, no one
clinical feature distinguishes one from the other with
certainty, and differentiation of myeloma from MGUS
may be difficult (Table 89.2) There is a distinct group of
patients with features consistent with MGUS except for
an M-protein concentration of �3gm/dL and �10%
plasma cells in the marrow, for whom the term smol-
dering (asymptomatic) multiple myeloma (SMM) has
been coined.39,40 This group of patients has also been
referred to as having monoclonal gammopathy of bor-
derline significance (MGBS).26 These patients often
have small amounts of M protein in the urine and a
reduction of uninvolved immunoglobulins, as well as
a low labeling index. At the time of diagnosis, it is
often difficult to predict the course of these patients,
and this condition is difficult to distinguish from
symptomatic myeloma and needs to be closely fol-
lowed. Patients with SMM are at a higher risk of pro-
gression to another plasma cell disorder compared to
those with MGUS. In the group of patients reported by
Baldini et al., the risk of malignant transformation for
the MGBS group was 37% at a median follow-up of 53
months, compared to 6.8% for those with MGUS.
Cesana et al. reported a higher risk of progression for
patients with SMM (19.7%), compared to 5.8% among
those with MGUS, at a median follow-up of 65–72
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Disease stage Diagnostic Features

Table 89.2 Diagnostic features of MGUS, SMM, and MM

Monoclonal gammopathy of ■ Serum monoclonal protein �3 g/dL
Undetermined significance (MGUS) ■ Bone marrow plasma cells �10%

■ Absence of anemia, renal failure, hypercalcemia, and lytic bone lesions

Smoldering multiple myeloma (SMM) ■ Serum monoclonal protein �3 g/dL or bone marrow plasma cells �10%
■ Absence of anemia, renal failure, hypercalcemia, and lytic bone lesions

Symptomatic multiple myeloma (MM) ■ Presence of a serum or urine monoclonal protein
■ Bone marrow plasmacytosis
■ Anemia, renal failure, hypercalcemia, or lytic bone lesions



months. This group of patients may need immediate
treatment for their disease, though many have a rela-
tively stable course for several years. 

While high serum levels of M protein and large
amounts of M protein in the urine increases the likeli-
hood of myeloma, MGUS patients can occasionally
have high levels of Bence Jones protein in their urine,
and there is no cutoff value that can be reliably used
for discrimination. As many as 17% of patients with
MGUS can have urinary monoclonal proteins of more
than 150 mg/24 h.13 While reduction of uninvolved
immunoglobulin points toward myeloma, these find-
ings can be seen in as many as 38% of the patients
with MGUS.13 While �10% plasma cells in the bone
marrow points toward myeloma, some of these
patients can have a stable clinical course, as previously
mentioned. Atypical plasma cells, especially those
with a plasmablastic morphology, point toward
myeloma, even though they may occasionally be seen
in patients with MGUS or SMM. In a study of 566
patients enrolled in a multicenter trial (MGUS 
 295;
myeloma 
 266), consistent differences were observed
in the bone marrow histology between patients with
MGUS and MM.41 Changes in bone marrow composi-
tion from MGUS to early MM and to advanced MM fol-
lowed a precise pattern which, in addition to increas-
ing plasma cell percentage, included a shift from
plasmocytic to plasmablastic cytology, an increase in
bone marrow cellularity and fibrosis, a change in bone
marrow infiltration (becoming diffuse rather than
interstitial), a decrease in residual hematopoiesis, and
an increase in osteoclasts. Patients with MGUS gener-
ally have plasma cell labeling index values close to 0,
which may be a valuable discriminator when other fea-
tures are equivocal.42 A value of over 0.4% raises the
likelihood of myeloma or impending transformation
to one. However, nearly a third of patients with symp-
tomatic myeloma can have normal labeling index val-
ues. The value of the labeling index in differentiating
benign monoclonal gammopathy from myeloma has
been reported by others.43,44 The ratio of the plasma cell
cytoplasmic light chains has been suggested as a useful
differentiating feature, with a ratio of 8 or below point-
ing toward MGUS.45 Circulating clonal plasma cells can
be detected using immunofluorescence microscopy,
flow cytometry, or more sensitive techniques, such as
allele specific oligonucleotide-polymerase chain reac-
tion (ASO-PCR) in patients with monoclonal gam-
mopathies, and are seen in higher numbers in patients
with myeloma compared to those with MGUS.46 In
patients with MGUS and SMM, the presence of these
cells predicts for a higher risk of progression. 

While the presence of lytic bone lesions in the set-
ting of a monoclonal protein points to myeloma, this
patient population is at risk for other malignancies,
and the bone lesions may be related to metastatic dis-
ease. Occasional patients have one or more sclerotic
bone lesions, M protein in the serum or urine (typically

lambda), endocrine and skin abnormalities, and often
debilitating neuropathy—a syndrome referred to as
osteosclerotic myeloma or POEMS syndrome. More
sensitive imaging of the bone using techniques such as
MRI or whole body PET imaging may help distinguish
patients with MGUS from those with other disorders.
Bellaiche et al. performed MRIs of the thoracolumbar
spine in 24 patients with MGUS comparing the results
to those in 44 patients with myeloma.47 All findings on
magnetic resonance examination were normal in those
with MGUS, whereas findings on 38 patients (86%)
with MM were abnormal. CT evaluations of the thora-
columbar spine, iliac crests, and sacrum showing lacu-
nae larger than 5 mm with trabecular disruption have
been reported in myeloma—a finding not observed in
any of the patients with MGUS.48 Durie et al. found
that a normal whole-body 18F-FDG PET reliably identi-
fied patients with stable MGUS.37 Others have reported
that markers of increased bone turnover, such as car-
boxy-terminal telopeptide of type I collagen (ICTP) and
deoxypyridinoline (Dpd), may help distinguish
patients with MGUS.49 Bataille et al., using histomor-
phometric parameters of bone resorption, demon-
strated decreased levels of bone resorption in MGUS
compared to active MM.36

Levels of cytokines either in the serum or those
demonstrated in the plasma cells have been suggested
as having diagnostic value. Interleukin (IL)-1� is pro-
duced by plasma cells from patients with MM, whereas
those from patients with MGUS rarely do.50 IL-1� is
thought to be an important player in the osteoclast-
mediated bone destruction seen in myeloma. Serum
levels of IL-6 have been reported to be higher in
patients with myeloma compared to in those with
MGUS. In one study, significant serum IL-6 levels were
detected in only 3% of the MGUS/SMM group, com-
pared to 35% of the overt MM group and 100% of
those with plasma cell leukemia.51 Serum levels of IL-2
have been reported to be higher in MGUS patients
compared to those with myeloma.52 Serum �2
microglobulin, while increased in myeloma compared
to MGUS, does not have enough discriminatory power
to be of clinical value in differentiating between
MGUS and myeloma.53–55

Increased bone marrow angiogenesis is a prominent
feature of MM and is a prognostic factor for overall sur-
vival. Patients with MGUS do not have any significant
increase in the bone marrow microvessel density,
though the clinical applicability of this test is low
given that many patients with myeloma can have nor-
mal findings.56 Presence of cytoplasmic 5’nucleotidase
(c5NT) in plasma cells has been reported to discrimi-
nate between MGUS and myeloma.57

An M-protein can be detected in the presence of many
lymphoproliferative disorders, including non-Hodgkin’s
lymphoma and CLL, and should be kept in mind when
evaluating these patients. Over a ten year period,
Malacrida et al. performed protein electrophoresis on
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102,000 samples, detecting 730 cases of M-protein, of
whom 114 could be classified as B cell malignancies
and 261 as monoclonal gammopathy of undefined sig-
nificance.58

DISEASE ASSOCIATIONS

Several hematological and non-hematological condi-
tions have been associated with monoclonal gam-
mopathies. Many of these conditions are likely to
occur with increased frequency in this older patient
group, making it difficult to identify true associations. 

Various lymphoproliferative disorders have been
described in the context of monoclonal gam-
mopathies. In a long-term study of 430 patients with a
monoclonal IgM in the serum, Kyle et al. found 28
patients (7%) with lymphoma, 21 (5%) with CLL, and
62 (14%) with other malignant lymphoproliferative
diseases. Among those with an apparently benign
monoclonal gammopathy, nearly a fifth subsequently
progressed to have a lymphoid malignancy.59 In a
study of 1144 patients, using serum protein elec-
trophoresis, Alexanian et al. found an M-protein (IgG)
in 2.3% of the 400 patients with CLL and lymphocytic
lymphoma.60 IgM peaks were seen in 4.5% of patients
with lymphomas. Noel et al. reported on 100 patients
with CLL seen over a fourteen year period, all of whom
had an M-protein in the serum or urine. IgG (51%) was
noted most often, followed by IgM (38%) and IgA
(1%), with light chains alone in the remainder.61

Monoclonal gammopathy has also been reported in
association with hairy cell leukemia, adult T-cell
leukemia, and chronic myeloid leukemia, though the
strength of the association remains indeterminate. 

Acquired von-Willebrand disease has been described
in association with monoclonal gammopathies as well
as other malignant disorders.62,63 Bleeding time is pro-
longed in most patients, and is associated with marked
reductions in plasma von Willebrand factor antigen
and ristocetin cofactor activity, and a type 2 pattern of
von Willebrand multimer distribution. Other hemato-
logical disorders that have been associated with mono-
clonal gammopathies include polycythemia vera,
myelofibrosis, myelodysplastic syndrome, and perni-
cious anemia. Lupus-like anti-coagulant activity has
been associated with the monoclonal protein in
patients with monoclonal gammopathies.64

Another common association that has been seen
with monoclonal gammopathies is peripheral neuropa-
thy.65–68 Nearly 10% of patients with idiopathic periph-
eral neuropathy have a monoclonal protein detectable
in their serum or urine, a prevalence rate nearly five
times of that seen in general population.69 The fre-
quency of the neuropathy in different series varies
widely, likely a reflection of the criteria used to identify
it as well as the thoroughness of the search for a mono-
clonal protein and the clinical or electrophysiologic cri-

teria used to diagnosis neuropathy.70 The neuropathy
seen in association with MGUS is typically a peripheral
neuropathy, and autonomic nerve or cranial nerve
involvement is not usually seen. The association
appears to be the strongest with IgM monoclonal gam-
mopathies.71,72 In one study, the prevalence of periph-
eral neuropathy among patients with IgM monoclonal
gammopathies was as high as 32%.73 The monoclonal
protein binds to myelin associated glycoprotein (MAG)
in nearly half of the patients with an IgM-MGUS associ-
ated neuropathy.70 Among the 65 patients with MGUS
and sensorimotor peripheral neuropathy seen at Mayo
Clinic, 31 patients had IgM, 24 had IgG, and 10 had
IgA.65 IgM-MGUS associated neuropathies were charac-
terized by a higher frequency of sensory loss and ataxia,
higher frequency of nerve conduction abnormalities,
and a higher frequency of dispersion of the compound
muscle action potential. Neither the amount of IgM nor
the estimated size of the monoclonal peak was associ-
ated with the severity of neuropathy. The type and
severity of IgM-MGUS neuropathies associated with
anti-MAG antibodies were not significantly different
from those without anti-myelin-associated glycoprotein
antibodies. Patients with IgM-associated neuropathy
had more severe demyelination on nerve conduction
studies compared to IgG associated neuropathy in one
small study, though clinical feature were indistinguish-
able.74 Patients with IgM associated neuropathy may
have a more progressive course, with significantly more
weakness and sensory signs.75

Patients with MGUS associated neuropathy often
present with a clinical picture resembling chronic
inflammatory demyelinating polyneuropathy (CIDP).
Simmons et al. compared a group of 77 patients with
idiopathic CIDP with 26 patients in whom CIDP was
associated with MGUS.76 Patients with CIDP and
MGUS had, on average, a more indolent course and
less severe weakness, despite similar findings on elec-
trophysiological studies. These patients also demon-
strated less functional impairment, more frequent
sensory loss, and more abnormal sensory conduction
studies. However, given the greater improvement of
idiopathic CIDP patients with treatment, both groups
had similar outcomes from their initial episodes of
weakness. However, nerve conduction studies may
not always be helpful in distinguishing between
demyelinating neuropathies associated with a para-
protein and idiopathic demyelinating polyneuropa-
thy.77 Diagnostic criteria for demyelinating neuropa-
thy associated with monoclonal proteins have been
proposed.78 Even though the neuropathy associated
with MGUS is typically a predominantly demyelinat-
ing process which can have additional features of
axonal degeneration, pure or predominant axonal
degeneration also has been reported.79 Axonal neu-
ropathy in this setting presents as a mild, symmetric,
slowly progressive, predominantly sensory, neuropa-
thy usually limited to the legs. When compared with
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MGUS neuropathy of demyelinating type, the axonal
process was associated with less vibration and propri-
oceptive loss, did not include leg ataxia, less often had
generalized areflexia, had less prevalence of IgM gam-
mopathy and anti-MAG antibodies, and had lower CSF
protein concentrations. Even though fewer patients
with axonal neuropathy improved with therapy, the
illness was generally milder with less disability.

The treatment of MGUS associated neuropathy is
difficult. Plasmapheresis has been studied by many,
with variable benefit. In a double blind trial from
Mayo Clinic, significant benefit was seen with plasma
exchange, especially among those with IgG or IgA
MGUS.80 Intermittent cyclophosphamide and pred-
nisone has been reported to produce improvements or
stabilization of the neuropathy in a small study.81

Fludarabine has been used with some benefit in
patients with IgM associated peripheral neuropathy.82

There are scattered reports of benefit from high dose
therapy in patients with debilitating peripheral neu-
ropathy.83

The association of neuropathy and monoclonal gam-
mopathy in the presence of osteosclerotic bone lesions is
a distinct entity. The constellation of Polyneuropathy,
Organomegaly, Endocrinopathy, M protein and Skin
changes or POEMS syndrome, also known as osteoscle-
rotic myeloma, Crow Fukase syndrome, or Takasuki syn-
drome is a poorly understood phenomenon.84 These
patients usually have sclerotic bone lesions on skeletal
survey. Other clinical findings include papilledema,
pedal edema, hyperpigmentation, hypertrichosis,
gynecomastia, hepatosplenomegaly, and lymphadenopa-
thy. Laboratory testing may reveal abnormalities of multi-
ple endocrine glands, including the thyroid, parathyroid,
and adrenals, as well as polycythemia and thrombocyto-
sis. Almost all patients have small amounts of M-protein
in the serum, and the associated light chain is lambda in
virtually every patient. Patients with single osteosclerotic
lesion can often be treated with radiation therapy to the
lesion with significant benefit. Patients with multiple
lesions often need systemic therapy, and autologous
stem cell transplantation has been successful in selected
patients.85

Motor neuron disease has been associated with
MGUS. In a study of 56 patients with motor neuron
disease, 6 (10.7%) were found to have a monoclonal
protein (4 with IgG and 2 with IgA), compared to a
control group of 121 age-matched patients with other
neurological disorders, in whom only 5 patients
(4.1%) had a monoclonal protein.86 Presence of gam-
mopathy in this study appeared to correlate with the
absence of marked upper motor neuron involvement
and with elevated CSF protein concentration.

Autoimmune disorders such as rheumatoid arthritis,87

lupus erythematosus,88 and polymyositis89 have been
reported in association with monoclonal gammopathies.
Paraproteins with activity against rheumatoid factor, as
well monoclonal anti-nuclear antibodies, have been

reported.90 A higher prevalence of anti-phospholipid
antibodies have been reported in association with
monoclonal gammopathy.91

DISEASE VARIANTS

Biclonal gammopathies: The simultaneous presence
of more than one type of M-protein can be seen in
as many as 5% of patients with monoclonal gam-
mopathies. This likely represents the proliferation
of two separates clones of plasma cells, producing
M-proteins of different immunoglobulin classes.
Patients with three different types of M-proteins also
have been reported. Most of these were associated
with malignant lymphoproliferative disorders,
though a few were of undetermined significance.
Kyle et al. reported on 57 patients with biclonal
gammopathy, of whom 37 had a biclonal gammopa-
thy of undetermined significance.92 These patients
had clinical features indistinguishable from those
with monoclonal gammopathies. The remaining
patients with a biclonal gammopathy had myeloma,
macroglobulinemia, or another lymphoproliferative
disorder. Nilsson et al. found 20 patients (2%) from
among 1034 patients with monoclonal gammopa-
thy, who had two distinct monoclonal spikes; 3 were
associated with lymphoma, 7 with myelomatosis, 9
with monoclonal gammopathy of undetermined sig-
nificance (MGUS), and 1 with lupus erythematosus
disseminatus.93

Idiopathic Bence Jones Proteinuria: Patients may pre-
sent with isolated monoclonal FLCs in the urine, or
Bence Jones proteinuria. Several patients have been
reported with Bence Jones proteinuria, with disease
that has remained stable over long periods of follow
up. Kyle reported nine patients with Bence Jones pro-
teinuria of over 1 g/24 hours with no serum M-protein
and no evidence of another plasma cell proliferative
disorder.94,95 While symptomatic myeloma developed
in three of these patients at 8–21 years of follow up,
two were followed for 12 years with no evidence of
progression. Similar outcomes have been reported by
others.96 While patients with idiopathic Bence Jones
proteinuria can stay stable over long periods, some
studies have suggested an increased risk of progression
in patients with light chain proteinuria, and they need
to be followed closely. 

MANAGEMENT

The cornerstone of the management is regular follow
up, so that any disease progression can be detected and
appropriate therapy can be instituted. At the time of ini-
tial diagnosis, other plasma cell disorders should be
ruled out, as mentioned before. Patients with small
amounts of M-protein in their serum (� 0.5 g/dL) may
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not require a bone marrow examination or skeletal sur-
vey, given the low risk of progression seen in this group.
However, the choice of tests should be dictated by the
clinical assessment, and if suspicion is high, a complete
workup, including bone marrow examination, skeletal
survey, and urine protein electrophoresis, should be
performed. The serum protein electrophoresis should
be repeated at least annually to demonstrate stability of
the M-protein. Patients with higher levels of M-protein,
especially those with over 2 gm/dL, should have
metastatic bone survey, quantitation of immunoglobu-
lins, 24 hour urine examination for monoclonal pro-
tein, and a bone marrow aspirate and biopsy. A bone

marrow PCLI, if available, should be performed, as this
will provide valuable prognostic information. Serum �2
microglobulin and C-reactive protein should be
obtained. If these tests are consistent with the diagnosis
of MGUS, serum protein electrophoresis should be per-
formed in three months. If results do not indicate any
progression, they should be repeated every 6–12
months. Patients who, at diagnosis, have factors pre-
dicting higher risk of progression, will need closer fol-
low up. They should be re-evaluated for progression in
the interval period if clinical symptoms or signs raise
suspicion for progression. The risk of progression never
disappears, and patients need lifelong follow up. 
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DEFINITION

The term amyloidosis is used to describe a heteroge-
neous group of protein deposition diseases in which
misfolding of proteins plays a prominent role.1,2 This
process generates insoluble toxic fibrillar protein
aggregates that are deposited in tissues in a character-
istic �-pleated structure. These deposits are identified
based on their apple-green birefringence under a
polarizing light microscope after staining with Congo
red dye, and by the presence of rigid nonbranching
fibrils 7–10 nm in diameter on electron microscopy.
Historically, the amyloidoses were classified as “pri-
mary” when no apparent etiology was evident, and
“secondary” when resulting from chronic infectious or
inflammatory states.3 In 1971, Glenner demonstrated
the presence of immunoglobulin (Ig) light chains in
primary amyloid fibrils.4 Since then, several other pro-
teins have been characterized, and the chemical nature
of the amyloidogenic protein forms the basis of the
current classification (Table 90.1).5

Pathologically, all amyloid deposits share some
common constituents, such as amyloid P compo-
nent and glycosaminoglycans, but differ in the
nature of the precursor protein. Clinically, the amy-
loidoses are still classified as localized to a single
organ, or systemic.6 The most common localized form
is Alzheimer’s disease, which affects more than 12 mil-
lion people worldwide.7 In the western world, the two
most common forms of systemic amyloidosis are AL
(or Ig light chain) amyloidosis and reactive amyloido-
sis due to chronic inflammatory diseases (e.g., rheuma-
toid arthritis). Hereditary amyloidosis is an ever
expanding group of disorders that pose difficult diag-
nostic problems.8 In this chapter, we will largely focus
on AL amyloidosis as it is associated with hematologic
diseases.

MOLECULAR PATHOGENESIS

PROPERTIES OF AMYLOIDOGENIC PROTEINS
To date, at least 21 different proteins have been recog-
nized as causative agents of amyloid diseases.5 Despite

heterogeneous structure and function, all these pro-
teins generate morphologically indistinguishable amy-
loid fibrils. The current nomenclature for amyloidosis
is based on this diversity of precursor proteins. For
example, amyloidosis involving Ig light chains (L) or
transthyretrin (TTR) is classified as AL or ATTR, respec-
tively. The conversion of the native protein into a �-
sheet structure is a pathologic process closely linked to
physiologic protein folding. The pathogenically mis-
folded proteins may form in several ways. The protein
may have an intrinsic property to assume a pathologic
conformation that becomes evident with ageing (e.g.,
normal transthyretin in patients with senile systemic
amyloidosis),9 or with persistently high concentrations
in the serum (e.g., �-2 microglobulin in patients under-
going long-term hemodialysis).10 Other mechanisms
include mutations in the protein, as in many hereditary
amyloidoses, or proteolytic remodeling of the precur-
sors, as in �-amyloid precursors in Alzheimer’s disease.
The mechanisms can act independently or together.
Other environmental influences, such as proteolysis,
pH, and oxidation states, also seem to play important
roles in the formation of amyloid fibrils.11

AMYLOIDOGENICITY OF IG LIGHT CHAINS
Only a small proportion of Ig light chains are amy-
loidogenic. For example, AL amyloidosis occurs in
only about 12–15% of patients with myeloma.12

Certain structural features are related to amy-
loiodogenicity: the � isotype and the V�6 variability
subgroup.13 Two V� gene segments, 6a and 3r, seem to
contribute to nearly 40% of the amyloidogenic � light
chains.14,15 There is some evidence that some of the
amyloidogenic light chains undergo antigen-driven
selection and mutations.14 Development of mutations
in these proteins can then lead to destabilization of
key structural domains and generation of an aggrega-
tion prone state.16 Improved understanding of the
mechanisms of amyloidogenicity of the Ig light chains
may allow the development of targeted therapies.

MECHANISMS OF TISSUE DAMAGE AND SPECIFICITY
A remarkable aspect of amyloidoses is the diversity
of organ distribution. Specific proteins aggregate
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predominantly in defined target organs: �-2 microglob-
ulin in the joints, fibrinogen A� in the kidney, and the
transthyretin Met30 variant in the peripheral nerves.17

In AL amyloid, virtually every organ may be involved,
most commonly the heart, kidneys, nerves, and liver.
Importantly, the pattern of organ involvement may dif-
fer greatly between patients and seems to determine
outcome. The reasons behind differences in organ tro-
pism in different patients is not clear, but may be due to
properties of the light chains themselves, or to their
interactions with specific tissue glycosaminoglycans or
cell-surface receptors, such as the receptor for advanced
glycation end products (RAGE).18

An equally important, but poorly understood
aspect of this disease is the mechanism by which the
deposited amyloid fibrils cause tissue damage or organ
dysfunction. For example, amyloid deposition in the
heart due to either light chain or transthyretin-related
amyloid leads to different clinical outcomes.19 Several
possible explanations for the mechanism of tissue
injury have been put forth. These include interactions
with RAGE receptors,18 inflammatory response due to
fibrillar intermediates, or direct cytoxicity of
oligomeric precursors.20 Several clinical clues suggest
that some of these mechanisms may be operative in
AL amyloid as well. For example, significant improve-
ment in organ function may occur after chemother-
apy has halted the production of amyloidogenic light
chains, but before the expected resolution of the amy-
loid deposits in the involved tissues.11,21 Improved
understanding of the mechanism of amyloid-associ-
ated tissue injury may allow novel approaches to

preserve organ function and prolong survival in these
patients.

CLINICAL FEATURES 

Clinical features in this group of diseases is highly
diverse and depends on the nature of the organs
involved. The nature of the amyloid (e.g., AL, ATTR) is
a key determinant of pattern of organ involvement
and dysfunction. Clinically, it is still useful to think in
terms of localized or systemic forms of amyloidosis.6

LOCALIZED AMYLOIDOSES
Localized deposits of amyloidosis in the genitourinary
tract (e.g., bladder, ureter) or tracheobronchial tree (e.g.,
vocal cords) are nearly always localized, even though
the fibrils themselves are often AL.22,23 Skin amyloid is
often localized and can be classified into lichen, macu-
lar, or nodular. The lichen and macular forms are easily
treated with surgical resection. A common presentation
of localized soft-tissue amyloid is carpal tunnel syn-
drome, which is generally treated with surgical release.
These patients do not have systemic plasma cell dyscra-
sia and do not require systemic therapy.

SYSTEMIC AMYLOIDOSIS
Immunoglobulin light chain-associated
amyloidosis (AL)
AL is derived from Ig light chains, and most patients
have plasma cell dyscrasia.24,25 Patients regularly have
free light chains detectable in the serum or the urine.
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Table 90.1 Major types of amyloidosis: Classification and clinical presentation

Type Precursor Distribution Syndrome

AL Ig light chain Systemic or localized Primary amyloidosis

AA Serum amyloid A Systemic Secondary amyloidosis reactive to chronic
infections or inflammation, including
periodic fever syndromes

ATTR Transthyretin Systemic Prototypic familial amyloid
polyneuropathy

Localized Senile cardiac amyloidosis

A� A� precursor Localized Alzheimers; ageing

APrP Prion protein Localized Prion associated disorders

ACys Cystatin C Localized Icelandic amyloid angiopathy 

AFib Fibrinogen A� chain Systemic Hereditary, renal

A�2M �-2 microglobulin Systemic Chronic hemodialysis

AApoA1 Apolipoprotein AI Systemic Liver, kidney, heart

AApoAII Apolipoprotein AII Systemic Liver, kidney, heart

A Lys Lysozyme Systemic Kidney, liver, spleen

A Gel Gelsolin Systemic Finnish hereditary amyloidosis

AIAPP Islet-associated peptide Localized Amyloid of the islets; Type II diabetes



The clonal burden of plasma cells, however, is low and
most patients have less than 10% plasma cells.
Presence of lytic bone lesions and significant marrow
plasmacytosis (more than 30%) should lead to a
diagnosis of associated myeloma. However, in most
instances, the clonal plasma cell burden in AL amyloi-
dosis is nonprogressive, analogous to monoclonal gam-
mopathy of undetermined significance or smoldering
myeloma. It is the unique biologic properties of the
light chain that leads to organ dysfunction and short-
ened survival. 

Patients with AL generally present with one of the
following seven syndromes: 

1. Cardiomyopathy, with or without congestive heart
failure,

2. Nephrotic range proteinuria, with or without renal
insufficiency,

3. Hepatomegaly with elevated serum alkaline phos-
phatase,

4. Axonal peripheral neuropathy,
5. Autonomic neuropathy manifest as orthostatic

hypotension,
6. Small intestinal involvement leading to pseudo-

obstruction and alternating constipation and diar-
rhea, and

7. Soft-tissue involvement leading to arthropathy,
macroglossia, and jaw or limb claudication.

These clinical features are consistent with AL, but
there is significant overlap with other forms of amyloid,
including AA, AF, or dialysis-associated amyloid.24,25 It is
therefore critical to establish the correct type of amyloid
before initiation of therapy.

The dominant organs/systems involved in AL are
cardiac, renal, neurologic, and gastrointestinal. Symp-
tomatic cardiac involvement occurs in up to 25–50%
of patients.6 Cardiac manifestations mainly reflect
myocardial involvement, and patients present with
restrictive cardiomyopathy and diastolic dysfunction.
Echocardiography is the most important tool in the
diagnosis of cardiac involvement. The major echocar-
diographic features are increased left ventricular wall
thickness, left atrial enlargement, and diastolic dys-
function, though these are not specific for AL amy-
loidosis.26 Serum levels of troponins and brain
natriuretic peptide appear to correlate with cardiac
involvement and prognosis in early studies.27,28 Renal
involvement is generally manifest as nephrosis or
renal insufficiency, and present in over half of the
patients at diagnosis.29 Sensorimotor peripheral neu-
ropathy is present at diagnosis in about 15–30% of
patients.30 Autonomic neuropathy often co-exists
with peripheral neuropathy and may present as
orthostasis, or gut/bladder motility disturbances.

Secondary amyloidosis (AA)
The most common manifestations of secondary (AA)
amyloidosis are nephrotic range proteinuria and bowel

involvement with diarrhea. AA may therefore be diffi-
cult to distinguish from AL.31 In the west, AA mostly
occurs in the setting of chronic inflammatory condi-
tions (such as poorly controlled rheumatoid arthritis
or ankylosing spondylitis), or chronic infections (e.g.,
osteomyelitis).25 In the developing countries, AA is
much more common as a complication of tuberculo-
sis, leprosy, or malaria. In the Middle East, familial
Mediterranean fever (FMF) is a common cause of AA.
Although most patients do have an antecedent history
of attacks of polyserositis, rash, or arthritis, there are
genetic pedigrees of FMF, wherein AA can develop
without antecedent symptoms.32

Familial amyloidosis (AF)
Familial forms of amyloid are more common than AA.
The most common presentation is progressive axonal
peripheral and autonomic neuropathy.17 However,
patients can present with cardiomyopathy or with
hepatic or renal amyloid. The most common forms of
familial amyloidoses are due to mutations in the
transthyretin (TTR) molecule.9 To date, more than 60
mutations in the TTR gene have been described and
associated with amyloid neuropathy. Nearly half of
these patients do not have a family history. Therefore,
an absence of family history does not exclude the diag-
nosis of AF. A distinct type of AF is seen in African
American men. An allele of TTR called isoleucine 122
(ILE122) is carried by 3.9% of African-Americans.19

The inheritance of this allele is a major cause of car-
diac amyloidosis in elderly African American men.
Cardiac amyloidosis can also occur from the deposi-
tion of wild type, as opposed to mutant, TTR. This
form, referred to as “senile cardiac amyloidosis,”
occurs in 10–25% of people older than 80 years.
Inherited forms of renal amyloid also occur, generally
manifest as nephrosis. The amyloid in these instances
may be a mutant fibrinogen-A-� chain, mutant
lysozyme, apolipoprotein-A-I, or A-II. The distinction
between AF and AL is critical and of more than acade-
mic importance. For example, liver transplantation
done before the development of severe neuropathy or
cardiomyopathy can produce durable regressions in
patients with transthyretin-related amyloidosis.33

DIAGNOSTIC WORKUP

The diagnosis of amyloidosis depends on the patho-
logic demonstration of typical congophilic deposits.
The most common strategy is to take the biopsy from
the most easily available tissue. Small amyloid deposits
often occur in subcutaneous tissue of most people with
AL or AA amyloidosis. For this reason, an abdominal fat
aspirate is often used as an initial screen. However, a
negative result does not exclude a diagnosis of AL, and
other sites, such as rectal mucosa, marrow, and particu-
larly the involved organ may need to be sampled.
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The most important element of the diagnosis is typ-
ing of the amyloid deposit, as several amyloid states
can have overlapping features. The presence of serum
or urine monoclonal protein strongly supports AL
amyloid. However, monoclonal proteins can be inci-
dental in 3% of elderly patients.34 Therefore, there
would be a small false positive rate if this were the only
criterion used. Most amyloid treatment centers recom-
mend typing of the tissue with commercial antisera for
AA, TTR, and � and � light chains. Antisera are also
available for other proteins such as fibrinogen,
lysozyme, or apolipoprotein, but are reserved for more
complex cases.

Once the diagnosis and type of amyloid have been
established, the next step is to determine the extent of
organ dysfunction. In AL amyloidosis, evaluation of
renal function (e.g., 24-hour urine collection for
immunofixation and total protein) and cardiac
involvement (e.g., echocardiogram, holter monitor,
serum troponin, and brain natriuretic peptide) should
be undertaken even in the absence of symptoms.
Studies to evaluate the underlying clone in AL amyloid
should include bone marrow biopsy, studies to quan-
tify monoclonal Ig in the serum and urine, serum-free
light chains, serum �-2 microglobulin, and a skeletal
survey to exclude lytic bone disease. Other evalua-
tions, such as electromyogram and stool studies for
malabsorption, are based on the nature of disease-
related symptoms. Rabiolabeled serum amyloid P com-
ponent (SAP) has been used to image amyloid involve-
ment, but this test has limited availability.35

Approaches to visualize AL deposits in a noninvasive
fashion are an area of active research.

PROGNOSTIC FACTORS

The heterogeneity of clinical features and outcome in
AL amyloidosis have inspired attempts to identify key
determinants of prognosis in these patients. Presence
of congestive heart failure and the total number of
organs/systems involved are predictive of adverse out-
come in several studies.25 However, these features are
quite subjective and may depend on the extent of eval-
uation of organ involvement. More recent studies have
begun to test more objective criteria based on labora-
tory tests that have predictive value in other plasma
cell diseases. These studies have identified serum level
of �-2 microglobulin and markers of cardiac involve-
ment (brain natriuretic peptide and troponins) as dom-
inant predictors of outcome.27,28,36,37 Assessment of
prognostic factors is likely to assume major importance
in the therapy of AL, as patient selection has a major
effect on the outcome with some newer approaches
(such as high-dose chemotherapy). Ongoing research
will help clarify the impact of light chain variable
region (VL) usage and other features of the amyloido-
genic protein as predictors of outcome in AL.38

EVALUATION OF RESPONSE

Evaluation of response to therapy in AL amyloidosis is
largely based on surrogate measures that assess
improvement in the underlying plasma cell clone and
in AL-related organ dysfunction.39 The hematologic
response definition is quite comparable to that used in
multiple myeloma, though the level of the mono-
clonal Ig in AL is quite low compared to myeloma.
Most AL treatment centers also follow serum levels of
free light chains as surrogate markers,40 although this
assay has not yet been fully incorporated or compared
with the traditional response criteria used in most pub-
lished studies with AL amyloid. Currently, improve-
ment in AL-related organ dysfunction remains the
gold standard by which the clinical efficacy of thera-
pies against AL amyloid is judged. Although a consen-
sus is beginning to emerge, these criteria are somewhat
arbitrary. It is notable that histologic evidence of
regression of AL deposits has not been documented in
most studies. Indeed, improved organ function can
occur without actual regression of amyloid deposits.21

PRINCIPLES OF THERAPY

Most of the current therapies in AL and other amyloi-
doses are targeted toward the amyloidogenic precursor.
The underlying principle is that deposition/resorption
of amyloid is a dynamic process. Reduction in precursors
or inhibition of amyloid formation will therefore shift
the balance toward regression of deposits. A greater
degree of reduction in precursors may lead to more
durable responses. As the precursors themselves may
be responsible for organ dysfunction, this approach
may also help preserve organ function.

For example, therapies targeted to the underlying
plasma cell clone may lead to reduction in amyloido-
genic light chains, and thereby improved organ func-
tion.1 Improvement in dialysis-related A�-2 microglob-
ulin can occur with renal transplantation to reduce the
levels of serum �-2 microglobulin. In patients with
ATTR, liver transplantation has been pursued to pro-
vide a source of normal TTR from the transplanted
liver. Durable regressions have been observed in several
patients in whom liver transplantation was done before
the development of severe neuropathy or cardiomy-
opathy.33 Patients who receive such transplants late in
the disease course, however, can show disease progres-
sion due to the deposition of wild type TTR in the heart
that already has a nidus of mutant TTR.

SUPPORTIVE CARE

Another important advance has been the improve-
ments in supportive measures for AL-related organ
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dysfunction.6 Careful attention to intravascular vol-
ume and cardiac function is essential. Many patients
with renal involvement require assistance in the form
of dialysis, although renal transplants have also been
performed in some patients with otherwise good risk
disease. Amyloidosis can develop in the graft if the pre-
cursor protein is not well controlled. Orthostasis can
be treated with elastic stockings, fluorocortisone, and
midodrine. Refractory diarrhea has been treated with
antidiarrheals, somatostatin analogs, and even divert-
ing colostomies.

SPECIFIC THERAPY FOR AL AMYLOIDOSIS

MELPHALAN AND PREDNISONE
The use of melphalan and prednisone (MP) to treat AL
amyloidosis followed their establishment as effective
therapy for multiple myeloma. A three-arm trial ran-
domized 219 patients to colchicine alone, oral mel-
phalan (0.15 mg/kg per day for 7 days) and prednisone
(0.8 mg/kg per day for 7 days) every 6 weeks, or a com-
bination of melphalan, prednisone, and colchicine
(MPC).41 The median survival for patients receiving
MP was 17 months, compared to 8.5 months for
colchicine alone. Another trial comparing MPC to MP
found improved survival with MP-based therapy.42

These studies have helped establish MP as one of the
standard approaches to treat AL. However, most
patients do not respond to this therapy, with objective
responses seen in only 15–20% of patients. Most of
these responses are limited to the patients with renal-
only disease with preserved renal function. The
median time to response is long (12 months), which
necessitates prolonged therapy. This, however, has
other consequences, such as the development of
myelodysplasia or acute leukemia (actuarial risk of
21% at 3.5 years).43 In spite of these limitations, MP is
used frequently in the therapy of AL, particularly in
older patients, as it is relatively well tolerated. 

DEXAMETHASONE BASED THERAPIES
In 1997, Dhodapkar et al. first described the clinical
activity of dexamethasone (DEX) in AL amyloidosis.44

Several studies have since confirmed this finding.45–48

In a recent US Intergroup trial, 93 patients were treated
with induction therapy with pulsed DEX, followed by
DEX and alpha interferon as maintenance.37 Complete
hematologic remissions (CHR) were observed in 24 %.
Improvement in AL-related organ function was seen in
45% of patients. Overall survival in the entire cohort
was 31 months. The presence of congestive heart fail-
ure (CHF) and elevated serum �-2 microglobulin were
dominant adverse prognostic factors. Patients with
both of these features do poorly with DEX and should
not be treated with this regimen. DEX has also been
administered as a part of regimens that include mel-
phalan49 or doxorubicin-vincristine,45 with promising

results. However, whether the addition of these agents
adds significantly to DEX alone remains unclear. The
use of melphalan may have an impact on stem cell col-
lection in patients eligible for stem cell transplanta-
tion, and should therefore be avoided before stem cell
collection.

The tolerance to DEX in AL amyloid is lower than
that in myeloma. This has prompted investigators to
use reduced doses at the initiation of therapy, with
dose escalation based on tolerance. Controlled studies
are needed to compare DEX-based regimens to MP
and to stem cell transplantation. Recent studies have
identified the activity of several new drugs, such as
thalidomide and bortezomib in combination with
DEX in myeloma.50,51 These regimens are currently
undergoing active evaluation in the therapy of AL
amyloidosis.

STEM CELL TRANSPLANTATION IN AL AMYLOIDOSIS
The utility of high-dose melphalan and autologous
stem cell transplantation in myeloma has been
demonstrated through controlled studies. This has
prompted several investigators to pursue this form of
therapy in AL amyloidosis. Most of the published
data are from a few amyloid centers.52–54 The largest
experience is from Boston University Medical Center.
In the last update, 394 of 701 patients evaluated were
eligible for this form of therapy.21 Hematologic com-
plete remissions (HCR) were observed in 40% of
patients. Improvement in at least one organ was seen
in 66% of patients with HCR and 30% of those with-
out HCR. Median survival of the entire cohort was 4.6
years, but the early mortality was 13%. These data
suggest that durable improvements in AL-related
organ function can be achieved in AL amyloid using
high-dose chemotherapy. Due to the higher trans-
plantation-related mortality, some investigators are
now pursuing risk-adapted approaches to melphalan
dosing.55

Although the data with autologous stem cell trans-
plant (ASCT) are promising, the degree to which they
are impacted by patient selection factors remains
unclear. Survival of patients eligible for transplanta-
tion, but treated with other approaches, is comparable
to that reported in the ASCT experience in at least two,
but not all studies.37,56,57 These data underscore the
need for controlled trials to address the value of high-
dose melphalan and ASCT in AL amyloid. We recom-
mend that the application of high-dose chemother-
apy and stem cell transplantation in AL amyloidosis
be carried out only in the context of clinical trials, or
by groups experienced in this approach.55

NEWER INVESTIGATIONAL APPROACHES
In view of the activity of several new agents in
myeloma, these agents are now also being tested in
patients with AL amyloidosis. However, the tolerance
to drugs such as thalidomide is lower in this patient
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population.58 Based on its binding to amyloid fibrils in
vivo, iododeoxydoxorubicin was tested in a phase I/II
trial, but yielded a low (15%) response rate as a single
agent.59 Hrncic et al. reported on an experimental
model in which injection of antibody directed against
amyloidogenic light chains led to regression of amy-
loid deposits.60 This has not yet been tested in
humans. Another approach in early clinical testing
involves targeted pharmacologic depletion of serum
amyloid P component, which may have broad utility
in several amyloid states.61

CONCLUSIONS

The amyloidoses are a diverse group of disorders char-
acterized by pathologic protein folding, conformation,
and deposition.1,2 These disorders exhibit considerable
clinical heterogeneity but share many pathogenic
mechanisms. Current therapies are directed mostly
toward reducing the supply of precursor proteins.
Improved understanding of the pathogenic mecha-
nisms is likely to yield novel approaches to therapy of
these diseases.
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Although multiple myeloma (MM) is classified under
the heading of indolent non-Hodgkin’s lymphomas,
the pathophysiologic mechanisms of this disease often
cause significant morbidity. Long-term survival rates
for patients with MM have consistently improved over
the last 30 years.1 Thus, managing the acute and
chronic complications of this disease can be challeng-
ing. This chapter will review the basic mechanisms of
target organ complications of MM and provide a sum-
mary of literature-based recommendations for manag-
ing such complications.

ANEMIA

Anemia in the patient with MM is defined by a hemo-
globin value 2 gm/dL below the institutional limits of
normal or a hemoglobin concentration less than 10
gm/dL.2 It is present in approximately two-thirds of
newly diagnosed patients and will eventually occur in
nearly all patients.2 The causes are multifactorial and
include the replacement of normal hematopoietic cells
by the expanding plasma cell burden, myelosuppres-
sion related to chemotherapy, and an increase of
plasma volume secondary to high serum M-protein
levels, which may lead to spurious declines in hemo-
globin concentration.3 Importantly, overproduction of
interleukin-6 (IL-6) in the bone marrow microenviron-
ment can cause an attenuated response to erythropoi-
etin.4 This process may be exacerbated in patients who
have compromised renal function and lower endoge-
nous erythropoietin levels.

The use of exogenous recombinant erythropoi-
etin has been studied in patients with MM. Small,
single institution studies suggested benefit in those
patients with low endogenous levels.5,6 Subsequent
randomized trials have confirmed this benefit.7,8 In
a double-blinded study, 25 patients were random-
ized to receive placebo or erythropoietin 150 U/kg
three times per week for 6 weeks.7 The dose was dou-
bled in nonresponders after 6 weeks in the erythro-
poietin group; patients in the placebo arm were

crossed over to receive erythropoietin in an open
label fashion if no response was observed after 12
weeks on study. Although the number of evaluable
patients was small (n 
 20), the results were signifi-
cant. Sixty percent of the patients receiving erythro-
poietin had a complete response, whereas no
responses occurred in the placebo group. Thirty per-
cent of these patients did have a complete response
when crossed over to receive erythropoietin. The
median dose for the responding group was 120 U/kg.
The type of chemotherapy and pretreatment serum
erythropoietin levels did not predict response to
exogenous erythropoietin.7

A second trial included 120 transfusion-dependent
patients with either MM or low-grade non-Hodgkin’s
lymphoma. Patients were randomly assigned to receive
either a fixed dose or an escalating dose of erythropoi-
etin, or placebo.8 Response, defined by elimination of
transfusion need and an increase in hemoglobin by at
least 2 gm/dL, occurred in 60% of those patients
receiving erythropoietin. No difference in response
was found for the fixed versus escalating dose of ery-
thropoietin.8 Multivariate analysis did suggest that
endogenous erythropoietin level was the most impor-
tant predictor of response.8

As these trials included small numbers of patients,
the current consensus guidelines do not recommend
the routine use of erythropoietin in MM patients not
receiving chemotherapy. For those MM patients
receiving chemotherapy, or with no improvement in
hemoglobin following control of disease, erythropoi-
etin use is recommended if a hemoglobin level � 10
gm/dL is observed.9 Guidelines for recombinant ery-
thropoietin use are presented in Table 91.1.

A large retrospective study suggested that approxi-
mately 14% of newly diagnosed plasma cell dyscrasia
patients have serologic evidence of B12 deficiency.10

Newly diagnosed MM patients should be screened for
B12 deficiency by use of serum B12 and methylmalonic
acid (MMA) levels. In the absence of renal insufficiency,
a serum B12 level � 200 pg/mL or a serum B12 level
200–300 pg/mL with an elevated MMA are diagnostic
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of B12 deficiency.10 Such patients should receive vita-
min B12 replacement therapy.

HYPERCALCEMIA

Hypercalcemia may be observed in approximately
15–30% of newly diagnosed patients with MM.11,12

The mechanism of hypercalcemia is likely due to
increased osteoclastic resorptive activity.13 Calcium
levels should be corrected for serum albumin.
Furthermore, some patients may have spurious eleva-
tions of serum calcium because of increased binding
by paraproteins. Therefore, ionized serum calcium lev-
els should be measured to aid in the diagnosis of
hypercalcemia for patients with high monoclonal pro-
tein levels.3

Clinically, hypercalcemia is associated with lethargy,
confusion, polydypsia, polyuria, constipation, and
nausea.11 Untreated hypercalcemia will lead to renal
insufficiency, a problem to which patients with MM are
already prone. Therefore, prompt treatment once rec-
ognized is essential.

Urgent treatment of hypercalcemia is accomplished
through increased urinary calcium excretion by vol-
ume expansion with intravenous saline. The addi-
tion of diuretics to aid in maintaining adequate urine
output and calciuresis may cause other electrolyte
abnormalities and exacerbate volume depletion.
Therefore, diuretics are probably best avoided in the
initial management of hypercalcemia. Some investiga-
tors recommend corticosteroids, i.e., prednisone 25
mg daily as an adjunctive treatment.12

Bisphosphonates inhibit the resorptive action of
osteoclasts (see the next section on skeletal complica-
tions) and can be effective in the management of
hypercalcemia in the patient with MM.14,15 Two bis-
phosphonates, pamidronate (Aredia; Novartis Pha-
rmaceuticals, East Hanover, NJ) and zoledronate
(Zometa; Novartis Pharmaceuticals, East Hanover, NJ)
have been studied for the treatment of hypercalcemia
of malignancy.16 One large randomized trial suggested
that zoledronate (4 mg or 8 mg) may be superior to
pamidronate (90 mg) in achieving corrected serum cal-
cium levels to less than 10.8 mg/dL, time to response,
and duration of response.16 However, this study, which
included 275 eligible patients with hypercalcemia of
malignancy, enrolled only 23 (8.4%) with MM.16

Therefore, it is reasonable to treat MM patients with
hypercalcemia with either agent.

RENAL COMPLICATIONS

Renal insufficiency is found in up to 20% of patients
with MM at the time of diagnosis and about 10% of all
patients will eventually develop severe renal failure.2,17

The morbidity and mortality of this complication is
significant; MM patients account for approximately
0.9% of the dialysis patients in the United States and
up to 2% of dialysis patients in Great Britain.17,18 A
review of the United States Renal Data System reveals
that the 2-year all-cause mortality for dialysis patients
with MM/light chain disease is higher than for all
other dialysis patients (58% vs 31%; P � 0.01 by log-
rank test).18

Several independent mechanisms are responsible
for the acute and chronic renal insufficiency observed
in patients with MM: direct tubulointerstitial damage
and cast nephropathy caused by filtered fee light-chain
proteins (Bence-Jones proteins), light chain deposition
disease, primary amyloidosis, hypercalcemia, and,
rarely, type I myeloma associated cryoglobulinemia.

Filtered light-chain proteins (both � and �) can cause
an acute or chronic renal insufficiency by two patho-
physiologic mechanisms.19,20 In vitro studies suggest
that human-derived light-chains are directly toxic to
proximal tubular cells in rat nephrons causing both
altered function and morphology in a perfusion, time-
dependent fashion.19 This mechanism is believed to
underlie the tubulointerstitial nephropathy found in
patients with MM.19 Light-chain proteins may also form
intraluminal proteinacious casts through noncovalent
binding with the normally present Tamm-Horsfall gly-
coproteins.21 These casts can obstruct the distal tubules,
leading to an obstructive cast nephropathy (“myeloma
kidney”).20 Increasing calcium, sodium, and chloride
concentrations in the tubule fluid can augment the
aggregation of light-chains and Tamm-Horsfall pro-
tein.22 Dehydration can cause both decreased filtrate
flow and increased light-chain concentration, further
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Table 91.1 Recommendations for erythropoietin use in
multiple myeloma

■ Consider for all MM patients receiving chemotherapy with
a hemoglobin level �10 g/dL. There is no satisfactory data
to support routine erythropoietin use in MM patients in the
absence of chemotherapy.

■ Most trials have studied multiple doses per week. The rec-
ommended starting dose is 150 U/kg three times per week
for a minimum of 4 weeks. The dose may be escalated to
300 U/	g three times weekly for up to 4–8 more weeks if
no response to initial dose. The evidence for once weekly
dosing, i.e., 40,000 units, is less strong, but acceptable
clinically.

■ The dose can be titrated to maintain hemoglobin levels
at or near 12 g/dL. Erythropoietin may also be held and
restarted once hemoglobin levels decline 10 g/dL.
Patients who do not respond to optimized doses by 6–8
weeks are unlikely to do so and erythropoietin should be
discontinued.

■ The use of erythropoietin in patients with isolated plasma-
cytoma, or other plasma cell dyscrasia is not recom-
mended. Anemia in these patients should prompt further
work-up for underlying MM.

Adapted from Ref. 9



accelerating cast formation.23 Therefore, obstructive
cast nephropathy usually manifests as acute renal insuf-
ficiency with nonnephrotic clinical features.

Multiple myeloma patients with acute renal insuffi-
ciency may benefit from plasma exchange or plasma-
pheresis. A small randomized trial was conducted in
which patients with MM and Bence-Jones proteinuria
(� 1 g/day) were randomly assigned to receive plasma
exchange or control.24 Twenty-nine patients were
enrolled, 24 of whom initially required dialysis; the five
not requiring dialysis had serum creatinine levels in
excess of 5 mg/dL. All patients received concurrent
therapy with cytotoxic drugs and corticosteroids.
Those in the plasma exchange group underwent a 3–4 L
exchange per day for five consecutive days. Patients in
the plasma exchange group had a significant reduction
in proteinuria (P � 0.01) associated with a significant
increase in urine output (P � 0.001) compared to the
control group.24 Thirteen of the 15 patients (87%) allo-
cated to plasma exchange no longer required dialysis at
the end of the study period, with an average serum cre-
atinine recovery of 2.6 mg/dL, while only two of the 14
patients (14%) in the control group improved with
cytotoxic treatment alone.24 Importantly, a significant
improvement in 1 year overall survival was observed
when compared to the control group (66% vs 28%; 
P � 0.01).24

The importance of the tubular cast burden in a sim-
ilar population of patients was described in a trial of
plasmapheresis.25 Twenty-one patients with overt MM
all received cytotoxic therapy, corticosteroids, and
forced diuresis. Eleven were randomly assigned to
receive plasmapheresis three times per week for 1 to 4
weeks. Renal biopsies were performed on nine of the
patients in the plasmapheresis group and seven of the
patients in the control group. The patients in the two
groups had similar outcomes, with no differences
observed between groups for improved serum creati-
nine value, need for long-term hemodialysis, or overall
median survival (approximately 18 months for both).25

However, blinded evaluation of renal biopsy specimens
(available from 16 patients on trial) for myeloma cast
formation and tubulointerstitial changes consisting of
inflammation, atrophic loss, and fibrosis was per-
formed. Five out of seven patients (71%) with 2–3�

cast formation went on to require hemodialysis, while
only two of nine (22%) with � 1� cast formation
became dialysis dependent.25

The results of these two small studies may seem
conflicting. However, they differed in choice of phere-
sis technique and cytotoxic regimen. Also, patients in
the second study had an average time from recogni-
tion of renal impairment to study entry of 1.21
months.25 This suggests that patients with acute renal
insufficiency caused by myeloma kidney with low dis-
ease burden may benefit from plasma exchange if it is
instituted with cytotoxic chemotherapy soon after
recognition of impaired renal function. Indeed, an

empiric trial of plasmapheresis in any MM patient
with acute renal failure not initially responsive to vol-
ume replacement is warranted as renal biopsy is logis-
tically impractical in all patients.12

Light-chain (rarely heavy chain) deposition disease
and primary amyloidosis are pathophysiologically
similar. Both are histologically characterized by the
deposition of immunoglobulin (Ig) light or heavy
chains within various body tissues. Amyloid protein
(usually � light chain) deposition is histologically and
molecularly unique in the formation of characteristic
�-pleated fibrils identified by an apple-green color
when stained with Congo red dye. Light-chain (usu-
ally � light chain) and the rare heavy-chain deposition
diseases lead to a nonfibrillary accumulation of light
(or heavy) chains. In the kidney, light chain deposi-
tion is detected by immunohistochemical staining and
found in a linear distribution within the glomerular
and/or tubular basement membranes.26 Electron
microscopy may reveal granular electron dense
deposits in the same places.26

Generally, the clinical manifestation of renal light
chain or amyloid deposition is nephrotic range pro-
teinuria with a nonoliguric, chronically progressive
renal insufficiency. Treatment of patients with
advanced renal disease from amyloid or light-chain
deposition disease is often unsatisfactory. However, a
multicenter trial including 64 patients with renal
impairment from amyloidosis treated with a pulse dose
strategy of dexamethasone demonstrated improved
renal function in 39% at a median of 4 months.27

In summary, patients with acute renal insufficiency
caused by cast nephropathy may have improvement
with hydration, plasma exchange, and treatment of the
underlying MM. Those with amyloid or light-chain
deposition disease may benefit from dexamethasone
treatment. All patients with MM should be encouraged
to drink liberal amounts of water and avoid the use of
non-steroidal anti-inflammatory drugs (NSAIDs).
Clinicians should use intravenous contrast judiciously
in patients with MM, especially in those with volume
depletion and heavy urine ligh- chain excretion, as the
risk of precipitating acute renal insufficiency is
increased in these patients.28 Hypercalcemia should be
corrected promptly in these patients, as they may be
especially prone to exacerbations of underlying
chronic renal insufficiency.

INFECTIOUS COMPLICATIONS

Infectious complications are frequent in patients with
MM and an important cause of mortality in this dis-
ease.29 Data suggest that approximately 25% of newly
diagnosed patients initially seek care because of recur-
rent infections, especially of the respiratory and urinary
tracts.30,31 The underlying mechanisms leading to
compromised immune function in patients with MM
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are incompletely understood, but are likely related to
defects in both primary and secondary immune
responses. Low serum levels of normal Ig in patients
with MM have long been recognized, and an imbal-
ance in the proportion of Th1 to Th2 cells has recently
been described.32,33 Patients receiving cytotoxic
chemotherapy and corticosteroids may be further
immunocompromised due to myelosuppression.

Hypogammaglobulinemia may account for the
increased susceptibility to polysaccharide encapsu-
lated organisms, particularly at the time of diagnosis
and following initial treatment (see next).34,35

However, infections with gram negative bacilli and
Staphylococcus aureus appear to be more common
causes of serious and lethal infections in those patients
undergoing chemotherapy within the first 2 months
after diagnosis.36–38 In addition, such infections fre-
quently necessitate delaying chemotherapy. Efforts to
reduce the occurrence of infection in those patients
undergoing initial treatment are warranted.

Trimethoprim-sulfamethoxazole (TMP-SMX) has
been investigated as a prophylactic agent in a small,
randomized, multicenter trial of newly diagnosed
patients undergoing chemotherapy for MM.35 This
antibiotic was chosen based on low expense, tolerabil-
ity, and previous experience in other patients with
other causes of immunocompromise.35 Fifty-seven
patients with MM were randomized to receive prophy-
laxis consisting of two TMP-SMX 80/400 mg tablets
every 12 hours for 2 months, or to a control group that
received no prophylaxis. Chemotherapy was adminis-
tered to all patients; 50% received melphalan plus
prednisone, while all others received more intensive
combination chemotherapy. The two groups were well
balanced with respect to age, gender, and stage of dis-
ease. Data collection continued for 3 months after the
start of chemotherapy for patients in both groups.
Fifty-four patients of the 57 entered were evaluable.
Overall, 12 (46%) of the patients assigned to the con-
trol group and five (18%) of the patients who received
TMP-SMX experienced any infection during the 3
month observation period (P 
 0.04).35 Bacterial infec-
tions were significantly more frequent during the first
2 months in the control group compared to the pro-
phylactic group (35% vs 4%; P 
 0.004).35 Although
not statistically significant, four deaths occurred in the
control group while only one occurred in the prophy-
lactic group.35 TMP-SMX caused skin rash requiring
cessation of treatment in six (21%) patients. One
patient developed exfoliative dermatitis.35

Although reactions to TMP-SMX were observed,
this study demonstrated that prophylactic adminis-
tration of antibiotics is feasible and may confer clini-
cal benefit. The practice of administering a prophy-
lactic antibiotic is not routinely followed, but some
centers do recommend prophylaxis for all patients
undergoing initial chemotherapy.39 The choice of
agent is not settled, and an National Cancer Institute

(NCI)-sponsored trial is currently ongoing comparing
TMP-SMX, a fluoroquinolone, or placebo in a similar
patient population.

Hypogammaglobulinemia has been suggested to be
the cause of susceptibility to infections with polysac-
charide encapsulated organisms in patients with MM,
similar to infections in patients with primary Ig defi-
ciency.34 Moreover, myeloma patients appear to be
more prone to pathogens such as Streptococcus pneumo-
niae or Haemophilus influenzae in the time period fol-
lowing initial chemotherapy. Efforts to enhance sec-
ondary immune function with passive immunization
by administration of intravenous immunoglobulin
(IVIG) have been evaluated.

Results from a phase I trial demonstrated that IVIG
could be safely given to patients with MM.40 Seventeen
patients were given doses of IVIG ranging from 150
mg/kg to 500 mg/kg. The infusions were well tolerated,
with no significant toxicities. The investigators mea-
sured functional antibody to hepatitis B surface antigen
and found a range in the half-life from 7 to 20 days for
the entire group.40 The kinetics of the antibody did not
appear to be related to the M-protein subtype or base-
line native immunoglobulin G (IgG) levels.40

To assess the prophylactic role of IVIG in preventing
serious infections, a prospective, randomized, double-
blinded, placebo-controlled, multicenter trial includ-
ing patients with stable phase MM was conducted.41

Patients were not eligible if they had early, progressive,
or terminal MM or received any prophylactic antibi-
otics within the 2 weeks preceding study entry.41

Eighty-three patients were enrolled and randomized to
receive IVIG 0.4 g/kg or placebo (0.4% albumin) every
4 weeks for 1 year. Patients were stratified by baseline
Ig levels. Severity of infection was prospectively
defined; major infections included culture positive
sepsis or clinical sepsis syndrome without documented
organism, meningitis, and pneumonia requiring hos-
pitalization. Moderate infections consisted of acute
bronchitis, upper respiratory or urinary tract infec-
tions, skin cellulitis or abscess, and localized zoster.
Serious infections included all those considered major
or moderate, whereas infections were considered
minor if antibiotics were not clinically indicated.
Patients were well balanced with respect to age, stage,
and performance status. Thirty-two of the 42 (76%)
patients randomized to IVIG and 26 of the 41 (63%)
patients in the placebo group had baseline Ig levels
below normal.41 No episodes of sepsis or pneumonia
occurred in the IVIG treatment group, whereas 10
episodes occurred in the placebo group (P 
 0.002).41

Respiratory infections other than pneumonia were also
significantly less frequent in the IVIG group (6 episodes
vs 18; P 
 0.0097).41 Three patients withdrew from the
IVIG group because of infusion reactions. No comment
was made as to how baseline Ig levels affected out-
come. However, analysis of 54 patients who had
received Pneumovax 1 month prior to study entry
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showed that those with poor response to the vaccine
(i.e., less than twofold increase or final specific IgG �
40 U/mL) who also received IVIG had six episodes of
infection compared with 16 episodes in poor respon-
ders in the placebo arm during 128 patient-month fol-
low ups (P 
 0.033).41 The short follow-up did not
allow for survival analysis.41 The implication is that
those patients who are unable to mount an immune
response may benefit from IVIG during stable phase
MM. Until further studies exploring risk of infusion
reactions, overall survival, quality of life (QOL), and
cost effectiveness are available, the routine use IVIG in
stable phase MM patients is not routinely recom-
mended. Similarly, there are no prospective data to
suggest benefit from IVIG in MM patients with acute
bacterial infections.

Patients with hematologic malignancies often
inquire about yearly influenza vaccination, and
physicians differ on their recommendations. Data
is available to guide decision making. Thirty-four
consecutive patients with either a chronic lympho-
proliferative disorder (n 
 28) or MM (n 
 6) were
given a virosomal influenza vaccine preparation.42

The MM patients had a mean time from diagnosis
to study entry of 3 years (range 1–11). A hemagglu-
tinin inhibition assay (HAI) to assess antibody
response to three strains of influenza was per-
formed on all patients at baseline and 1 month
after vaccination. Seroconversion (HAI titre � 1:20
in previously seronegative subjects, or a fourfold or
greater increase of the titre in previously positive
subjects) to all three strains occurred in three of the
six (50%) MM patients; seroconversion to at least
two of the three strains was documented in two
(33%) MM patients, and no response occurred in
one patient.42 Two mild injection site reactions were
reported for the entire 34 patient study population,
and none of the MM patients in this study developed
influenza in the ensuing 3-month follow-up.

A separate study evaluated the response of MM
patients to immunization with pneumococcal
(Pneumovax II) and H. influenzae type b (Hib) vacci-
nation. Fifty-two MM patients, of whom seven
patients had undergone high-dose therapy with autol-
ogous stem cell transplantation within the preceding
6 months, were offered vaccination.43 At baseline,
94% of the patients had S. pneumoniae antibody titers
below the protective level. Postvaccination, 39%
achieved protective levels. Similarly, 54% of patients
had nonprotective titers of H. influenzae antibodies,
whereas 75% developed protective titers following
vaccination.43 High-dose therapy followed by autolo-
gous transplant predicted for poor response to Hib
vaccine (P 
 0.04).43 These results suggest that routine
measurement of antibodies in patients with MM to
both S. pneumoniae and H. influenzae should be per-
formed and, if found to be low, vaccination should be
offered.

SKELETAL COMPLICATIONS

The skeletal complications of MM are the most dis-
tressing of all the end-organ complications encoun-
tered in this disease. Osteopenia and lytic bone lesions
are a cause of disabling pain and pathologic fractures.
Spinal cord compression may result as well. Thirty per-
cent of patients will present with nonvertebral frac-
tures and more than 50% will present with back pain
or vertebral fractures.44,45 Approximately 80% of
patients will have radiographic evidence of osteoporo-
sis, lytic lesions, or fractures at the time of diagnosis.2

Osteoporosis, focal lysis, and hypercalcemia all
result from increased osteoclastic activity. The molecu-
lar mechanism causing this enhanced activity is
incompletely understood, but continues to be an area
of intense investigation. The current paradigm pro-
poses that an imbalance in osteoprotegerin (OPG) and
osteoprotegerin ligand (OPGL) are central to bone
resorption.46 OPGL is known to activate osteoclastic
cells via the receptor activator of NF-�B (RANK).46 Ex
vivo coculture studies suggest that plasma cells derived
from patients with MM modulate osteoblast and bone
marrow stromal cell production of OPGL and its decoy
receptor OPG in such a way that OPG is downregu-
lated while OPGL itself is upregulated.46 Recombinant
OPG is currently in clinical development and the
results of a phase I trial have been published.47

BISPHOSPHONATES
Bisphosphonates are a class of drugs that are structural
analogs of endogenous pyrophosphate.15 Carbon sub-
stitution for the central oxygen atom makes the mole-
cule resistant to hydrolysis and allows for the addition
of two side chains necessary for calcium crystal and
bone mineral affinity.15 Bisphosphonates are selectively
deposited to sites of increased bone turnover and are
ingested by osteoclasts, causing inhibition their resorp-
tive capacity.48,49 Currently, two bisphosphonates,
pamidronate (Aredia; Novartis Pharmaceuticals, East
Hanover, NJ) and zoledronate (Zometa; Novartis
Pharmaceuticals, East Hanover, NJ), are Food and Drug
Administration (FDA) approved in the United States for
use in MM patients with lytic bone disease.

Bisphosphonates have been extensively studied in
patients with MM (see Table 91.2). In general, no over-
all survival benefit has been observed with their use;
rather, significant reductions in clinically measurable
skeletal related events (SREs) can be achieved.15 In
larger trials, an SRE is defined as pathologic fracture,
spinal cord compression, or need for radiation or sur-
gical intervention.50,51 In addition to these clinical
endpoints, some studies have included hypercalcemia
as an SRE.52,53

When given to MM patients undergoing chemother-
apy, pamidronate 90 mg IV over 4 hours monthly can
significantly reduce serum and urinary markers of bone
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resorption (cross-linked N-telopeptides of type-I colla-
gen), IL-6, CRP, and �2-microglobulin, which may lead
to a significant reduction of pain.54

A large randomized international multicenter
placebo-controlled trial led to the FDA approval of
pamidronate in MM patients with lytic bone lesions.50

Patients with stage III MM and at least one lytic skele-
tal lesion undergoing chemotherapy were randomly
assigned to receive placebo or pamidronate 90 mg IV
over 4 hours monthly for a planned 21 months.
Patients were stratified into those receiving first-line
chemotherapy or second-line and beyond. The pri-
mary end point was number of SREs after nine doses,
in which an SRE was defined as pathologic fracture,
need for radiation or surgery, and spinal cord compres-
sion.50 Three hundred ninety-two patients were
included in the safety and survival analysis, while only
eligible patients were included in the efficacy analysis
(n 
 196 in pamidronate group vs n 
 181 in placebo
group). The time to first skeletal event was signifi-
cantly less in the pamidronate group (P 
 0.001 by the
log-rank test).50 The mean number of SREs per year was
observed to be reduced from 2.1 in the placebo group
to 1.1 in the pamidronate group at the planned pri-
mary time end point (P 
 0.0006).50 Two patients were
withdrawn from the pamidronate treatment sec-
ondary to an allergic reaction and hypocalcemia.
Renal insufficiency was not reported in any patients.
Follow-up analysis at 21 months continued to show
effect as the proportion of patients treated with

pamidronate developing any skeletal event was less
than the placebo group (P 
 0.015).55 Subset analysis
identified longer survival in the patients treated with
pamidronate who were also receiving second-line or
beyond chemotherapy when compared to patients in
the placebo arm (21 months vs 14 months; P 
 0.041).55

Objective measures of QOL showed declines in the
placebo-treated patients.15

Zoledronate at doses of 4 mg and 8 mg IV over 5
minutes were shown to be superior to pamidronate 90
mg IV over 2 hours in the treatment of hypercalcemia
of malignancy.16 Additionally, a trial comparing two
doses of zoledronate (2 mg and 4 mg) to pamidronate
90 mg in patients with MM or bone metastases from
breast cancer suggested equivalent efficacy in reduc-
tion of SREs.52 These studies provided a rationale for a
direct efficacy comparison of pamidronate and zole-
dronate in a multicenter, double-blind trial.53 The trial
included 1648 eligible patients with either stage III
MM (n 
 510) or metastatic breast cancer (n 
 1138).
Patients were randomly assigned to receive
pamidronate at 90 mg or zoledronate at either 4 or 8
mg. Doses in all arms were given every 3–4 weeks.
Patients in the 8 mg treatment arm were later reas-
signed to receive 4 mg because of renal safety concerns
with high-dose zoledronate. The primary endpoint
was an analysis of the proportion of patients experi-
encing at least one SRE over a 13 month period.53

Median time to first SRE and the proportion of patients
with any SRE calculated on an intent-to-treat basis

Study design Randomized double-blind, Randomized, double-blind,
placebo-controlled trial comparative trial

Efficacy evaluation Pamidronate vs placebo Noninferiority study 
zoledronate vs pamidronate

Primary endpoint Combined SREs at 9 months Combined SREs
Sample size, n 392 (all MM) 1,648 (513 MM, 1,130 breast cancer)
Treatment course First vs second or greater chemotherapy First treatment
Percent patients with osteolytic bone 100 100
lesions at entry

Results
Pain score decline Yes Yes, equal to pamidronate
Time to first SRE ∼12 vs 21 months Median 12.3 months zoledronate vs

12.0 months pamidronate (P 
 NS)
SREs per year 28% vs 44% at 12 months; 47–49% zoledronate vs 49% 

38% vs 51% at 21 months pamidronate 
Nonvertebral fractures 15% vs 10% NR
Vertebral fractures NR NR
Radiotherapy needed 25% vs 34% 0.47 vs 0.71 per year (P 
 0.018)
NNT to a avoid one event 6.2 at 12 months; 7.7 at 21 months N/A

Pamidronate 90 mg IV over Zoledronate 4 or 8 mg IV 
4 hours every 4 weeks every 3–4 weeks for 12 months

References 48,53 51

Table 91.2 Randomized trials of bisphosphonate therapy in multiple myeloma

NNT, Number needed to treat; NR, Not reported; N/A, Non applicable; NS, Not significant.
Adapted from Ref. 14.
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were similar among all patient groups, with no statisti-
cally significant differences noted.53 Percentages of
adverse renal events were similar in patients receiving
pamidronate and zoledronate at 4 mg (0.2% and 0.5%,
respectively).53 This study led to the FDA approval of
zoledronate 4 mg IV infused over at least 15 minutes
monthly for the treatment of osteolytic bone lesions
in patients with MM.15

Clodronate (Bonefos; Roche Pharmaceuticals,
Nutley, NJ) is available in oral and parenteral formula-
tions and was the first bisphosphonate to demonstrate
efficacy for MM patients in earlier European trials.
Three hundred fifty patients undergoing their first
systemic treatment for MM with oral melphalan and
prednisolone were randomly assigned to receive clo-
dronate 2.4 g orally daily or placebo for up to 2
years.45 Significantly fewer patients in the treatment
group had progression of osteolytic lesions by 24
months (12% vs 24%; P 
 0.026).45 However, clo-
dronate has less potency than pamidronate or zole-
dronate and must be taken daily.15 Additionally, clo-
dronate is not yet FDA approved in the United States;
clinical trials are in progress.

Ibandronate (Bondronat; Rhone-Poulenc Rorer,
Collegeville, PA) is a newer bisphosphonate with an
approximate 2-log greater potency than pamidronate.
15,56 A recent phase III, placebo-controlled trial of 198
evaluable MM patients demonstrated that a monthly 2
mg IV bolus of ibandronate did not lead to a significant
improvement in the number of SREs per patient-year
(2.13 for ibandronate vs 2.05 for placebo).57 Post hoc
analysis suggested that ibandronate-treated patients
with reductions in bone formation markers (alkaline
phosphatase, osteocalcin, and urinary C-terminal
telopeptide of type-I collagen) did have fewer SREs com-
pared to placebo patients.57 However, a recently pub-
lished comparison trial showed pamidronate 90 mg
monthly caused greater reductions in markers of bone
resorption and disease activity (paraprotein, CRP, and
�2-microglobulin) than ibandronate 4 mg monthly.58

Osteonecrosis of the mandible is a recently described
potential complication of long-term bisphosphonate
therapy.59 A retrospective review describes 56 patients
who received IV bisphosphonate therapy for more or
equal to 1 year presenting with lesions typical of non-
healing tooth extraction sockets or exposed mandibular
bone not amenable to conservative debridement or
antibiotic therapy.59 Other risk factors in the develop-
ment of osteonecrosis in these patients included
chemotherapy, corticosteroids, and poor oral hygiene.59

Based on these findings, the pharmaceutical manufac-
turer has issued a warning recommending dental exam-
inations along with any indicated preventative den-
tistry prior to placing patients with risk factors (those
receiving chemotherapy, corticosteroids, or who have
poor oral hygiene) on chronic bisphosphonate therapy.
Furthermore, invasive dental procedures should be
avoided during treatment.

A consensus panel of the American Society of
Clinical Oncology (ASCO) has developed evidence-
based guidelines for the use of bisphosphonates in
patients with MM.15 As previously summarized, level II
evidence (i.e., evidence from at least one well-designed
experimental study) supports the use of pamidronate
90 mg IV infused over at least 2 hours or zoledronate 4
mg IV infused over at least 15 minutes every 3–4 weeks
for MM patients who have plain film radiograph evi-
dence of a lytic bone lesion(s).15 Bisphosphonate ther-
apy is not routinely recommended for patients with
monoclonal gammopathy of undetermined signifi-
cance, smoldering myeloma, solitary plasmacytomas
without evidence of other lytic lesions, or MM patients
with osteopenia on bone mineral density measure-
ments and no other evidence of lytic lesions.15 The
duration of bisphosphonate therapy has not been
studied, and no clear recommendations on stopping
treatment exist.15 The consensus panel recommends
discontinuing treatment if the benefit is no longer
exceeding the inconvenience of monthly infusions or
significant side effects develop.15 Additionally, judi-
cious use of longer term therapy is prudent in light of
the newly described complication of mandibular
osteonecrosis.

PATHOLOGIC FRACTURES
Once pathologic fractures occur, they can cause severe
pain and structural instability, leading to postural
deformities and possibly spinal cord compression.
Clinically useful adjuncts include radiation, analgesia,
and surgical intervention.

RADIATION
External beam radiation therapy is used in the major-
ity of patients with fractures and isolated plasmacy-
tomas. It can be useful for urgent pain control and
relief of neurologic compromise. The typical dose is 30
Gy delivered in 10 fractions; however no standard
dose is defined. 

SURGICAL INTERVENTIONS
Vertebroplasty
Vertebroplasty has been used to relieve pain in patients
with pathologic vertebral or osteoporotic compression
fractures.60 It is accomplished by the injection of low-
viscosity bone cement into a damaged vertebral body.61

Two drawbacks to the procedure have been suggested:
the technique is not able to restore normal structure of
the spine, and cement leakage may occur.60

Kyphoplasty
Kyphoplasty is another surgical technique designed to
restore height to collapsed vertebral bodies in order to
decrease pain and improve function and mobility. The
method involves the insertion of a deflated balloon
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into the potential space between the upper and lower
end-plates of the collapsed vertebrae and inflating the
balloon to push the vertebral end-plates apart, thus
restoring height. The expanded cavity is then filled
with a viscous, partially cured cement, thus supporting
the expanded endplates and minimizing the potential
for leak.60 A prospective cohort study of 55 kypho-
plasty procedures in 18 MM patients with osteolytic
vertebral compression fractures demonstrated an aver-
age gain of 34% of lost height with no major proce-
dure-related complications.60 Patients also experienced
a significant improvement in objective scores of bodily
pain, physical function, vitality, and social function.60

Importantly, patients in this study had a mean dura-
tion of symptoms prior to procedure of 11 months
(range 0.5–24 months), suggesting that patients with
“old” fractures should be evaluated by an orthopedic
surgeon skilled in this technique to assess potential
benefit.

THROMBOEMBOLIC EVENTS

Patients with MM have a higher risk of developing a
deep venous thrombosis (DVT) when compared to the
general population.62,63 A retrospective study using
univariate analysis has identified a personal or family
history of DVT, immobility, a low serum albumin level,
and a high leukocyte count to be associated with risk
of DVT in patients with MM or other plasma cell
dyscrasias.63 Newly diagnosed MM patients or those
with a chromosome 11 abnormality appear to have an
increased risk as well.64 Currently, however, there is no
role for the routine prophylaxis of DVT in such
patients.

Thalidomide has been identified as an active drug
in both newly diagnosed and relapsed or refractory
MM patients.65 The incidence of DVT in patients
receiving single-agent thalidomide appears to be
low.63 In a large phase II trial of 169 patients with
advanced and refractory MM given single-agent
thalidomide, DVT was observed in 2% of the patients.
66 However, thalidomide is thrombogenic when given
in combination with either dexamethasone or
chemotherapy; results of published and unpublished
studies report an incidence of 11–28%.67–70 The
thrombogenic potential of thalidomide is particularly
high when combined with doxorubicin-containing
regimens.68,70,71 Although the full mechanisms of
thrombosis is unclear, data from a small cohort of
patients treated with thalidomide and dexametha-
sone for relapsed or refractory MM demonstrated a
significant decrease in thrombomodulin within the
first month of treatment.72 The temporal risk of
thalidomide-associated DVT in MM patients appears
to be highest during induction regimens early in the
course of disease.73 The immunomodulatory thalido-

mide derivative, CC-5013 (lenalidomide; Celgene,
Warren, NJ), does not appear to have the same throm-
bogenic risk as thalidomide.74

Prophylactic strategies with both anticoagulants
and antiplatelet agents are being explored; no evi-
dence-based guidelines are yet available. A study
reporting the results of MM patients who received
high-dose chemotherapy with or without thalido-
mide prior to autologous stem cell transplantation
has recently been published.73 Patients randomized
to receive chemotherapy with thalidomide were also
randomized, in sequential cohorts, to receive either
warfarin 1 mg per day or low molecular weight
heparin (LMWH; enoxaparin 40 mg s.c. qd). Patients
who received chemotherapy alone in this trial had a
14% incidence of DVT. Those who received
chemotherapy and thalidomide with or without
warfarin had no difference in the incidence of DVT
(34% vs 31%), suggesting no efficacy for low-dose
warfarin prophylaxis.73 However, patients who
received chemotherapy, thalidomide, and LMWH
had the same incidence of DVT when compared to
matched controls who received chemotherapy alone
(15% vs 15%).73 Therefore, LMWH seems to attenu-
ate the added thrombogenic risk conferred by
thalidomide in patients receiving thalidomide and
high dose chemotherapy.

In a phase II study of pegylated, liposomal doxoru-
bicin, vincristine, reduced frequency dexamethasone,
and thalidomide (DVd-T) for patients with relapsed or
refractory MM, a 25% incidence of DVT was observed
in the first 20 patients treated.70 Low-dose aspirin 81
mg daily was administered to subsequent patients and
the incidence of DVT decreased to 13%, a rate compa-
rable to those patients receiving chemotherapy with-
out thalidomide.70

SUMMARY

Caring for patients with MM is very challenging. The
availability and activity of modern chemotherapy
regimens as well as newer classes of drugs with novel
mechanisms of action in addition to aggressive trans-
plant regimens has collectively changed the course
of MM to that of a chronic disease for a sizeable num-
ber of patients. Hence, patients will potentially be
receiving several courses of therapy and proper sup-
portive care can enhance QOL and delay or prevent
serious complications. Finally, oncology practition-
ers need to realize that progressive renal insuffi-
ciency, anemia, or infection may all herald disease
relapse. Therefore, it is reasonable to reassess all para-
meters of renal and hepatic function in addition to
requantification of marrow plasma cell burden and
paraproteins in a previously stable patient with new
or progressive symptoms. 
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is the
process of infusing hematopoietic stem and progeni-
tor cells, which are used primarily to restore normal
hematopoiesis or to treat malignancy.1–3 The term
HSCT has replaced the relatively archaic term bone
marrow transplantation for two specific reasons. First,
the stem and progenitor cells used in HSCT can be
obtained from a variety of sources other than the bone
marrow, including the peripheral blood and umbilical
cord blood.4 It is more important to characterize HSCT
according to where the stem cells used for transplanta-
tion are derived. The use of hematopoietic stem cells
derived from patients themselves is referred to as
autologous HSCT.1,3 Transplantation of hematopoietic
stem cells derived from an identical twin is referred to
as syngeneic HSCT, and transplantation of hematopoi-
etic stem cells from stem cells other than the patient or
an identical twin is referred to as allogeneic HSCT. The
stem cells used for HSCT are of hematopoietic origin,
as more primitive stem cells are of interest for regener-
ative therapy, highlighting their plasticity and unique
biologic characteristics.5

HISTORY OF HEMATOPOIETIC STEM CELL
TRANSPLANTATION
The clinical application of HSCT is less than 50 years
old, and its origins are related to identification of the
severe myelosuppressive effects of radiation that were
observed among nuclear bomb survivors at Hiroshima
and Nagasaki.6 Intense research began at that time to
develop methods to reverse the myelosuppressive
effects of radiation, including the infusion of bone
marrow.7–10 In 1949, Jacobson reported on the effects
of shielding the spleen of mice from lethal doses of
irradiation.7 Shielding of the spleen protected nearly

all mice at a total body irradiation dose of 700 cGy,
while unshielded mice all died from marrow aplasia.
As the dose of radiation was raised to 1050 cGy,
approximately one-third of the shielded mice sur-
vived, and a dose of 1200 cGy was lethal to all mice. At
autopsy, these latter radiation groups were found to
have died from fibrosis of the lungs, liver, and kidneys.
The authors erroneously concluded that shielding the
spleen was protecting a humoral factor that affected
hematopoiesis; however, it would subsequently be
determined that early hematopoietic progenitors were
actually protected from the effects of radiation. From
these early studies, theories evolved that radiation and
chemotherapy could be administered at controlled,
yet highly myelosuppressive doses, which were capa-
ble of eliminating malignant hematopoietic clones,
and that normal hematopoiesis could be reestablished
by the infusion of normal bone marrow. Early animal
studies of HSCT were thwarted by incompatibility
between bone marrow recipients and donors leading
to a high degree of graft rejection.10 Among animals
that did not reject their marrow grafts, a syndrome of
weight loss, alopecia, diarrhea, and eventually death
was commonly observed.11 This syndrome was
referred to as “runting” disease, which we now refer to
clinically as graft-versus-host disease (GVHD), and is
discussed in more detail next. The most significant
breakthrough for HSCT in particular and for all forms
of organ transplantation in general was the recogni-
tion that the major histocompatibility complex
(MHC) and human leukocyte antigens (HLA) were the
major determinants of graft rejection.12 After the
development of clinical methods to determine HLA,
which permitted the “matching” of bone marrow
donors and recipients, the first successful clinical stem
cell transplantation trials among patients with severe
combined immunodeficiency disorders and advanced
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acute leukemias were reported in the late 1960s and
early 1970s.1,10 Today, HSCT is a standard treatment
for many immunodeficiency states, metabolic disor-
ders (e.g., Hurler’s syndrome), defective hematopoietic
states (e.g., severe aplastic anemia, thalassemia), and a
variety of malignancies. It is currently being investi-
gated in nonmalignant diseases, including autoim-
mune diseases (e.g., rheumatoid arthritis and multiple
sclerosis) and the emerging field of regenerative medi-
cine, which takes advantage of the plasticity of stem
cells, to repair defective or damaged tissues (e.g., car-
diac muscle after a myocardial infarction).13,14 This
chapter will focus primarily on the rationale for the
application of HSCT in the treatment of hematologic
malignancies.

CLINICAL DECISION-MAKING IN HEMATOPOIETIC
STEM CELL TRANSPLANTATION
Hematologic malignancies are particularly amenable
to the beneficial effects of HSCT due to their relative
sensitivity to cytotoxic chemotherapy and radiation,
as well as their susceptibility to immunologic effects
that are associated with allogeneic HSCT. The intent of
HSCT for the treatment of malignancy is to have a sig-
nificant impact on survival and to potentially cure the
disease. The curative intent of HSCT is imperative, as
the procedure is associated with a significant degree of
morbidity and mortality as compared to other forms of
therapy. As such, the decision to employ HSCT is based
primarily on the inherent risk of the disease itself ver-
sus the potential benefit and inherent risks of the vari-
ous forms of HSCT being considered. This decision
takes into careful consideration many factors, includ-
ing the specific disease, the available alternative treat-
ment options, the disease state (remission, sensitivity
to chemotherapy), patient age and performance status,
and availability of a stem cell source. Once it is deter-
mined that a patient could potentially benefit from
HSCT, the decisions as to what type of transplant (allo-
geneic vs autologous vs syngeneic), what type of con-
ditioning regimen, and the timing of the transplant
(first complete remission vs first relapse) need to be
made. These decisions are primarily based upon the
aforementioned factors and supplemented by the
amount of risk that the patient (and physician) is will-
ing to accept.

TYPES OF HEMATOPOIETIC STEM CELL
TRANSPLANTATION

ALLOGENEIC HEMATOPOIETIC STEM CELL
TRANSPLANTATION
Histocompatibility
The choice of a syngeneic, autologous, or allogeneic
HSCT is relatively predetermined for most patients, as
few patients have an identical twin and the availability
of an allogeneic donor is limited. In allogeneic HSCT,

stem cells are obtained from someone (i.e., the donor)
other than the patient (i.e., the recipient). Donor and
recipient are generally identical or “matched” for HLA,
which are derived from the MHC located on chromo-
some 6.15 A single set of MHC alleles, described as a
haplotype, is inherited from each parent, resulting in
HLA pairs. The most important HLA include HLA-A,
HLA-B, HLA-C, DR, and DQ loci. Among siblings, the
genes that encode for HLA-B and C are located so close
to each other in the MHC that one is rarely inherited
without the other. As a result, an HLA match among
siblings is referred to a “6 of 6,” as they are matched for
HLA-A, B, and DR; however, in actuality they are
matched for all of the HLA antigens.3 The other anti-
gens, such as HLA-C, become more important when
alternative sources of hematopoietic stem cells are
used, such as those from unrelated donors and cord
blood, which are described in more detail next and in
Chapter 98.16

Graft-versus-leukemia effect
The distinctive characteristics of allogeneic HSCT are
that the stem cell graft is free of contamination by
malignant cells and contains T-cells that are capable of
mediating an immunologic reaction against foreign
antigens. This latter characteristic can be a major advan-
tage if the immunologic response is directed against
malignant cells, referred to as the graft-versus-leukemia
(GVL) or graft-versus-tumor effect, thus potentially
eradicating disease and reducing the chance of disease
relapse. However, if the immunologic response is
directed against antigens present on normal tissues, it
can lead to the destruction of normal organs, described
clinically as GVHD. The risk of both graft rejection
(host-versus-graft reaction) and GVHD rises with HLA-
disparity.

The GVL effect was initially recognized in animal
models and subsequently noted among patients
undergoing allogeneic HSCT for acute and chronic
leukemias.17–20 The clinical importance of the interac-
tions between immunocompetent donor T cells and
tumor cells in mediating GVL effect is supported by an
increased rate of relapse in allogeneic stem cell grafts
from which T cells have been removed (T cell deple-
tion), an inverse correlation between relapse and
severity of GVHD, and an increased rate of relapse after
syngeneic or autologous HSCT using the same mye-
loablative conditioning regimen.20,21 These data sug-
gested that T cells within the allograft were directly
involved in eradicating leukemia. Finally, the most
compelling evidence for a T cell-mediated GVL effect
originates from the observation that infusion of allo-
geneic lymphocytes, a donor lymphocyte infusion
(DLI), at a time remote from the transplant condition-
ing regimen, can successfully treat leukemia relapse
after allogeneic HSCT.22–25 In an initial report, DLI
therapy was given to three patients with chronic myel-
ogenous leukemia (CML) whose disease had recurred
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after an allogeneic HSCT.22 The DLI, without any addi-
tional cytotoxic therapy, resulted in sustained cytoge-
netic and molecular remissions. Evidence of a GVL
effect similarly has been observed against other hema-
tologic malignancies, including multiple myeloma
and lymphomas.26,27 Over time, it became increasingly
apparent that a significant part of the curative poten-
tial of allogeneic HSCT could be directly attributed to
the GVL effect. However, there is tremendous variabil-
ity relative to the clinical effectiveness of the GVL
effect against different hematologic malignancies after
allogeneic HSCT. Factors that affect the GVL effect
after allogeneic HSCT include the presence of mixed T
cell chimerism, the development of tolerance between
donor and host, the relative susceptibility of the hema-
tologic malignancy to the GVL effect, and suboptimal
GVL reactivity.28

The expression of surface or intracellular molecules
on malignant cells is essential for recognition or elimi-
nation by effector T cells. Malignant cells may directly
down-regulate effector cells through secretion of
inhibitory factors such as transforming growth factor-
beta (TGF-�).29 Malignant cells may also down-regulate
HLA class I and class II molecules, may have low- or
missing expression of costimulatory molecules, such
as CD80, CD83, CD86, CD40, and intercellular adhe-
sion molecule, or alter the presentation antigenic pep-
tide sequences.30–33 The cytotoxic effects of effector
cells are primarily mediated through the Fas-ligand
pathway or tumor necrosis factor (TNF) receptors, or
through direct binding of perforin and activation of
granzyme B.34 Decreased Fas ligand expression or
reduced perforin binding can impair the potency of
the GVL effect.35–37

It has long been recognized that an optimal GVL
effect requires efficient antigen presentation by anti-
gen presenting cells, such as dendritic cells, and appro-
priate costimulatory signals to T cells.38–40 In HLA-
mismatched allogeneic HSCT, natural killer (NK) cells
have been found to exert strong alloimmune response
that contributes to a potent clinical GVL effect.41 The
interaction of killer-cell immunoglobulin-like recep-
tors (KIR), expressed on NK cells, with MHC inhibits
the cytotoxic activity of NK cells.42–44 In allogeneic
HSCT where donors and recipients are mismatched for
HLA (HLA-mismatched or haploidentical HSCT), a lack
of appropriate HLA class I ligands in the recipient can
inhibit the KIR of donor NK cells, facilitating a strong
GVL effect.42 Although a beneficial effect of NK cell
alloreactivity has been observed in haploidentical
HSCT, there has been conflicting data relative to any
benefit in the setting allogeneic HSCT from unrelated
donors.45,46

The failure to detect clinical evidence of a GVL
effect after allogeneic HSCT can be partially attributed
to the biologic characteristics of the disease, such as
histology and chemotherapy sensitivity.47 There are
significant differences in the susceptibility of various

hematologic malignancies to the GVL effect, and there
can be significant differences in the susceptibility of
particular hematologic malignancies relative to their
histologies.21,48 Evidence of a GVL effect and the effi-
cacy of DLI in non-Hodgkin’s lymphoma (NHL) have
been primarily limited to follicular or “low-grade” his-
tologies, with only anecdotal cases in patients with dif-
fuse large B-cell or more aggressive NHL histolo-
gies.48,49 This may reflect the biologic characteristics,
such as growth rate or antigen expression, of the
respective histologies. In some cases, a clinical GVL
effect is not possible, as certain hematologic malignan-
cies can be localized in immunologically “privileged”
sites, such as the central nervous system.50

An extremely important clinical factor relative to
the susceptibility of hematologic malignancies to
the GVL effect is chemotherapy sensitivity.48,51 In
extremely chemotherapy-refractory patients, the GVL
effect may be insufficiently potent to be clinically
detectable, because the tumor growth rate exceeds the
ability of the immune effect to eliminate disease.
Patients with chemotherapy-sensitive disease also tend
to have less of a disease burden, and the greatest effi-
cacy of the GVL effect has been observed in minimal
residual disease states.24 Specifically, relapse is higher
among patients who are not in remission at the time of
allogeneic HSCT or DLI.52 In chronic phase CML, the
efficacy of DLI is inversely related to the disease bur-
den; the highest response rates to DLI have been
observed among CML patients with disease detectable
only by polymerase chain reaction methods, and the
lowest efficacy is observed among patients with hema-
tologic relapses.53

Selection of allogeneic stem donor
The choice of donor for an allogeneic HSCT takes into
account several factors, including the patient’s disease,
disease state, and urgency in obtaining a donor. When
allogeneic HSCT is being considered for a patient, a
fully HLA-matched sibling is the preferred donor, as
the risk of graft rejection and GVHD are the least with
this source of allogeneic stem cells.3 For patients who
lack a fully HLA-matched sibling donor, the preferred
alternative sources for allogeneic stem cells include an
unrelated fully HLA-matched donor, a partially HLA-
matched cord blood unit, or a partially HLA-matched
family member.54–56 A major disadvantage of an unre-
lated donor is that the average time required to iden-
tify and procure an HLA-matched unrelated donor is
approximately 2–4 months, which may be inadequate
for patients with rapidly progressive malignancies.57

The alternative stem cell source to an unrelated bone
marrow donor for allogeneic HSCT is umbilical cord
blood.55,57,58 The major advantages of umbilical cord
stem cells is that they can be obtained in fewer than 4
weeks and cord blood units mismatched for up to 3 of
6 HLA may be used for allogeneic HSCT. This degree of
HLA mismatching is acceptable, as the overwhelming

Chapter 92 ■ Principles of HSCT to Treat Hematologic Malignancies 977



percentage of T cells within the cord blood unit are
naive, and the incidence of GVHD is comparable or
less than that associated with an HLA-matched unre-
lated bone marrow donor. The major disadvantage of
umbilical cord blood units is that they are associated
with a high degree of graft rejection, especially in
adults. Engraftment- and treatment-related mortality
appears to be directly related to umbilical cord cell
dose.55,57,58 The other significant disadvantage is that
once the cord blood unit is used, there is no way to go
back and get additional cells for a DLI or in the event
of graft failure.

SYNGENEIC HEMATOPOIETIC STEM 
CELL TRANSPLANTATION
Syngeneic HSCT uses stem cells from an identical
twin.59,60 As the stem cells are genetically identical with
the recipient, the major advantages of a syngeneic
HSCT are that they are not associated with GVHD or
graft rejection. Another significant advantage of syn-
geneic HSCT, which is shared with allogeneic HSCT, is
that there is no risk of contamination by malignant
cells. The major disadvantage is that the syngeneic
HSCT does not provide a GVL effect that is associated
with allogeneic HSCT; conversely, however, syngeneic
HSCT is not associated with GVHD or graft rejection.
This results in a relatively low risk of treatment-related
morbidity and mortality. The greatest disadvantage is
that far less than 1% of patients have an identical twin,
making this an unavailable option for the overwhelm-
ing majority of patients. However, when an identical
twin is available, syngeneic HSCT is considered the pre-
ferred type of HSCT in almost all clinical situations, due
to the aforementioned advantages.

AUTOLOGOUS HEMATOPOIETIC STEM 
CELL TRANSPLANTATION
Autologous HSCT uses stem cells from patients them-
selves. The principle behind both syngeneic and autol-
ogous HSCT is that certain malignancies, such as
leukemias, have a steep dose-response curve to
chemotherapy and, to a relative degree, radiation.61–63

The major limitation to the administration of higher
doses of chemotherapy or radiation, in order to
obtain a maximal response, are the myelosuppressive
effects of these therapies. Autologous, allogeneic, and
syngeneic hematopoietic stem cells are primarily
used as a “rescue” product to restore hematopoiesis
after patients have received high-dose chemotherapy
and/or radiation. The amount of chemotherapy and
radiation that can be administered prior to transplant,
referred to as the conditioning or preparative regimen,
is limited due to associated toxicities to other organs.
This limitation in the amount of therapy that can be
delivered may permit the survival of resistant tumor
cells, which accounts for the relapses that are observed
after HSCT.64,65 Relapse rates are lower after allogeneic
HSCT, as this form of transplant provides a potential

GVL effect at the expense of increased treatment-
related morbidity and mortality, primarily through
GVHD.19–21

Tumor contamination and “purging”
The major advantages of autologous hematopoietic
stem cells are that almost every patient can serve as
his/her own donor and there is no graft rejection or
GVHD, although attempts have been made to induce
autologous GVHD and GVL, as discussed next. Thus,
autologous HSCT is also associated with a relatively
low treatment-related mortality rate, which varies with
disease, disease state, and age. The major disadvan-
tages are that the autologous stem cell graft may be
contaminated with tumor cells and, similar to syn-
geneic HSCT, is not associated with a GVL effect. The
contribution of autograft contamination by tumor
cells to relapse has varying clinical significance.66–68

Attempts have been made to remove or “purge” tumor
cells from the autograft using various methods prior to
autologous HSCT.69–71 However, there is only retro-
spective and anecdotal evidence that autograft purg-
ing results in an improved clinical outcome.48,72

Autologous graft-versus-host disease
Although the high rate of relapse after autologous
HSCT has in part been attributed to tumor contamina-
tion of the autograft, a similar relapse rate has also
been observed with syngeneic HSCT, which is free of
tumor contamination.21 It is more likely that relapses
are due to endogenous tumor cells that survived the
cytotoxic effects of the conditioning regimen. It has
been hypothesized that these high relapse rates with
either syngeneic or autologous HSCT are due to the
absence of a GVL effect. Attempts have been made to
induce GVHD and an associated GVL effect in the
autologous HSCT setting. Murine studies indicated
that administration of the immunosuppressive drug
cyclosporine after autologous HSCT elicited an autoim-
mune syndrome with pathology virtually identical to
GVHD.73 The GVHD observed after autologous and
syngeneic HSCT in murine models was associated with
the development of a highly restricted repertoire of
CD8� autoreactive T cells that recognized a peptide
from the invariant chain, termed CLIP, presented by
MHC class II molecules.74 These autoreactive T cells
produced type 1 cytokines, including interferon-
gamma, interleukin-2 (IL-2), and TNF-�. These studies
led to clinical trials in patients with lymphoma and
acute leukemia.75,76 Although clinical and histologic
evidence of GVHD was demonstrated in these trials,
there was no clear evidence of a clinical benefit in
terms of a reduction in relapse rates.

Sources of hematopoietic stem cells
Hematopoietic stem cells may be obtained from the
bone marrow, the peripheral blood, and from umbili-
cal cord blood. Hematopoietic stem cells from bone
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marrow are used in both autologous and allogeneic
stem cell transplantation, although far less frequently
than in the past. Peripheral blood hematopoietic stem
cells are used in approximately 90% of autologous
HSCT and in approximately 70% of allogeneic HSCT.77

The predominance of this stem cell source is related to
the relative ease in attainment and moderate improve-
ment in the rate of hematopoietic recovery after infu-
sion, as compared to hematopoietic stem cells derived
from bone marrow. Hematopoietic stem cells from
cord blood are collected immediately after delivery of
a baby. A minimally acceptable cord blood unit dose is
1.7 � 105 CD34� cells per the patient’s weight in kilo-
grams, to assure engraftment in the allogeneic HSCT
setting.78 This criterion is a significant problem for
adult patients, where the application of cord blood
transplantation has been associated with delayed
hematopoietic recovery, especially platelets; graft fail-
ure; and a relatively high treatment-related mortality
compared to other sources of allogeneic hematopoietic
stem cells.

CONDITIONING REGIMENS FOR
HEMATOPOIETIC STEM CELL
TRANSPLANTATION

As described previously, prior to the infusion of
hematopoietic stem cells, patients receive regimens
with the intent of “conditioning” or “preparing” the
patient for the infusion of hematopoietic stem cells.1,3

Most conditioning or preparative regimens consist of
chemotherapy alone or combined with radiation,
radioimmunoconjugates, and/or monoclonal antibod-
ies that target T cells (e.g., alemtuzumab).1,3,79,80 The
choice of conditioning regimen is dependent upon the
type of transplant (allogeneic vs autologous vs syn-
geneic) and the specific disease being treated.

MYELOABLATIVE CONDITIONING REGIMENS
The earliest conditioning regimens were designed for
the treatment of acute leukemias with syngeneic and
allogeneic HSCT.81 As previously discussed, these early
conditioning regimens allowed the administration of
maximum doses (i.e., “high-dose”) of chemotherapy
and/or radiation for the eradication of disease. In the
case of an allogeneic HSCT, the conditioning regimen
also had to be adequately immunosuppressive to pre-
vent graft rejection, as the recipient’s immune system is
capable of recognizing the donor hematopoietic stem
cells as foreign. The most commonly used chemother-
apy agents are alkylating agents (e.g., cyclophos-
phamide) with or without total lymphoid or total
body irradiation at doses varying between 800 and
1440 cGy. The doses of chemotherapy and radiation
used in these regimens are referred to as myeloablative,
as they result in a degree of myelosuppression and
immunosuppression that is nearly universally fatal

without the infusion of hematopoietic stem cells as a
rescue product.82

NON-MYELOABLATIVE AND REDUCED-INTENSITY
CONDITIONING REGIMENS
The demonstration that an immune-mediated GVL
effect plays a central role in the therapeutic efficacy of
allogeneic HSCT led to the hypothesis that myeloabla-
tive conditioning regimens were not essential for
tumor eradication.83 This subsequently led investiga-
tors to develop less intense conditioning regimens that
were adequately immunosuppressive to permit the
engraftment of donor hematopoietic stem cells, and
could serve as a platform for the administration of
donor T cells as adoptive cellular therapy.84 A variety of
nonmyeloablative, also referred to as reduced-inten-
sity, conditioning regimens have been reported.85–88

All share the similar goal of providing sufficient
immunosuppression to achieve donor engraftment of
an allogeneic hematopoietic stem cell graft while
attempting to minimize toxicity. The most important
clinical question is whether this reduction in toxicity
comes at the cost of a loss of antitumor activity within
the conditioning regimen.

CLINICAL EFFICACY OF HEMATOPOIETIC
STEM CELL TRANSPLANTATION IN
HEMATOLOGIC MALIGNANCIES

There is clinical evidence that syngeneic, autologous,
and allogeneic HSCT all provide benefit, defined as
response, freedom of progression, or overall survival, for
the majority of hematologic malignancies.3 However,
the beneficial effects of these various forms of HSCT
vary greatly with each hematologic malignancy.
Myeloablative conditioning regimens with syngeneic,
autologous, or allogeneic HSCT result in higher response
rates than conventional cytotoxic agents for almost all
hematologic malignancies. However, the durability of
these responses and their effect on survival varies from
disease to disease. Similarly, there is evidence of a clini-
cal GVL effect in almost every hematologic disease;
however, the potency and clinical relevance is highly
variable. This section will briefly cover the susceptibility
of hematologic malignancies to the different forms and
effects of HSCT.

CHRONIC MYELOGENOUS LEUKEMIA
Chronic myelogenous leukemia is highly susceptible
to the GVL effect, as evidenced by the response of CML
to DLI, and that long-term, leukemia-free survival rates
exceed 70% for patients who were transplanted in
early chronic phase.89,90 GVL effect against CML
clearly exists, as the greatest efficacy of DLI has been
demonstrated in CML. Several studies have implicated
peptides associated with the product of bcr-abl, but a
specific antigen has yet to be identified.91 However,

Chapter 92 ■ Principles of HSCT to Treat Hematologic Malignancies 979



studies in CML provide several important insights on
the efficacy of DLI in specific, and GVL in general, rel-
ative to disease status and lymphocyte dose.22,52,53,92

Chronic phase CML is particularly responsive to DLI,
with remission rates of 50–80%.53,92 In contrast,
response rates of accelerated and acute (“blast”) phase
CML varies between 10% and 30%; the more advanced
states of the CML are inversely correlated to the
response to DLI. These variable response rates reflect
the biology of disease relative to antigen and MHC pre-
sentation, as well as growth rate. In patients with more
advanced CML, the GVL effect may be insufficiently
potent to be clinically detectable, because the leukemic
growth rate exceeds the ability of the immune effect to
eliminate disease. There is also considerable variability
of response to DLI among CML patients in chronic
phase. For CML patients with cytogenetic or molecular
relapses, the response rates are approximately 60–70%
and 80–90%, respectively.53,92 In contrast, the response
to DLI among patients with chronic phase CML with
morphologic or hematologic relapses is approximately
50–60%. Increased lymphocyte dose appears to
improve DLI efficacy against relapse, but it is also asso-
ciated with increased toxicity in the form of GVHD.92

However, lower DLI doses are as effective as higher
doses in patients with a low disease burden. These vari-
ations in response suggest that tumor bulk plays an
important role in the efficacy of DLI in CML. All of
these factors, including disease biology, disease state,
and tumor bulk, appear to play significant roles rela-
tive to the susceptibility of hematologic malignancies
to a GVL effect. Autologous HSCT has limited efficacy
in CML due to the relative lack of sensitivity of CML
cells to cytotoxic therapy, and more importantly due
to difficulty in obtaining a relatively tumor-free auto-
graft.93 Due to the tremendous clinical success of ima-
tinib (STI-571, Gleevec), the emerging predominant
strategy is to use allogeneic HSCT in patients with
more advanced CML, and for patients who have failed
or progressed on Gleevec.94

ACUTE LEUKEMIAS AND MYELODYSPLASTIC
SYNDROMES
Acute myelogenous leukemia (AML), along with acute
lymphocytic leukemia (ALL), were some of the first
malignancies in which HSCT was demonstrated to
have efficacy.19,21,81 Initial studies of myeloablative
allogeneic HSCT demonstrated that this treatment was
capable of resulting in long-term survival for a minor-
ity of patients with refractory and relapsed AML.81

Subsequent studies suggested that a GVL effect con-
tributed to the success of allogeneic HSCT in AML.19,21

The evidence for a GVL effect in ALL is less convinc-
ing.95 In contrast to data in CML, the clinical responses
of relapsed AML and ALL to DLI are generally less than
50%, with particularly disappointing results for
ALL.25,52,95 A number of antigens have been identified
as potential targets in AML, explaining the efficacy of

allogeneic HSCT in this disease. These antigens are
expressed only on a minority of AML cells, and on nor-
mal tissues.96–98 Similarly, the response of myelodys-
plastic syndrome to DLI is relatively poor, although
allogeneic HSCT is the only known curative therapy for
patients with MDS.99

MULTIPLE MYELOMA
The efficacy of high-dose chemotherapy in multiple
myeloma has led to inclusion of autologous HSCT as
part of its initial therapy.100,101 Due to unique biologic
characteristics, there are clinical data demonstrating
that the inclusion of more than one cycle of high-dose
chemotherapy with autologous HSCT may improve
upon the results of a single transplant.102 Although
there is clear evidence of a GVL effect against multiple
myeloma, a tumor-specific antigen has not been iden-
tified. The use of myeloablative allogeneic HSCT is
controversial, as they have been associated with a high
mortality rate.103 Results of allogeneic HSCT in multi-
ple myeloma have been improved with the use of non-
myeloablative conditioning regimens.104

LYMPHOMA
Due its relative sensitivity to chemotherapy, there is
substantial evidence that autologous HSCT is efficacious
for patients with primary refractory or chemotherapy-
sensitive recurrent malignant lymphomas of specific
histologies, including “intermediate-grade” (e.g., dis-
ease diffuse large B-cell), NHL, and Hodgkin’s lym-
phomas.105–108 The demonstration of a potent GVL
effect against lymphomas is less clear, and the efficacy
of DLI in lymphoma is anecdotal at best.47–49 When
specific comparisons were made between syngeneic,
autologous, and allogeneic HSCT in different types of
lymphoma, a clear GVL effect was not demonstrated.48

Thus, the specific role of allogeneic HSCT has not
been defined; however, there is evidence that non-
myeloablative allogeneic HSCT may provide benefit
for patients with recurrent follicular and advanced
non-Hodgkin’s lymphoma, as well as for Hodgkin’s
lymphoma.51,109

SUMMARY

Hematopoietic stem cell transplantation represents a
treatment option that can result in significant
improvements, and in many cases cures, for a variety
of hematologic malignancies. In the autologous and
syngeneic HSCT settings, the efficacy is attributed
almost solely to the ability of high-dose chemother-
apy and radiotherapy to overcome resistant mecha-
nisms within malignant cells; however, relapse of dis-
ease remains the primary reason for treatment failure.
Relapse is significantly less in the allogeneic HSCT set-
ting. This reduction in relapse rates is attributed to a 
T cell-mediated GVL effect, but it comes at the
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expense of GVHD, resulting in high treatment-related
morbidity and mortality. Advances in the understand-
ing of T cell biology and tumor immunology, which
includes identification of immunogenic cancer anti-
gens and an increased ability to identify and expand T
cells with tumor reactivity, will lead to the translation
of the GVL effect into the syngeneic and autologous
HSCT settings. Current studies of adoptive cellular
therapy in solid tumors, particularly melanoma, sug-
gest that this is highly possible.110 In the allogeneic
HSCT setting, the situation is somewhat reversed, as
clinical applications and success at treating malig-
nancy leads the scientific understanding of the biol-

ogy of these tumor regressions. To this extent, efforts
are underway to elucidate the mechanism(s) of cura-
tive allogeneic GVL effects. This understanding is of
significant importance, as it may allow one to identify
mechanisms of GVL mediation that are distinct from
GVHD, resulting in an improved therapeutic ratio. It
is apparent that the fields of autologous and allo-
geneic HSCT therapy conceptually overlap, with each
application attempting to achieve a maximal response
against cancer cells with relatively reduced toxicity,
specifically reduced GVHD in allogeneic HSCT and a
reasonable degree of tumor-specific autoimmunity in
autologous HSCT.
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INTRODUCTION

Transplantation of allogeneic hematopoietic stem cells
is a potentially curative treatment for a number of
hematologic malignancies and other diseases.1 The best
success of this therapy is achieved using HLA-identical
sibling donors, but only 30–35% of patients have such
donors. Alternate donors that have been used include
partially HLA-matched related donors and unrelated
donors. The use of alternate donors is generally associ-
ated with increased rates of severe complications and
mortality. Efforts to reduce complications associated
with alternate-donor transplantation include HLA
matching and protocols designed to improve engraft-
ment and reduce graft-versus-host disease (GVHD). 

The HLA complex is intimately involved in human
allogeneic stem cell transplantation, being critically
involved in GVHD, graft failure, and graft-versus-
leukemia (GVL) effects. Each of these is a reflection of
the normal function of HLA molecules in immune
responses to pathogenic agents. The principle func-
tions of HLA molecules are to bind peptides and to
serve as recognition elements for T lymphocyte and
natural killer (NK) cell receptors.2,3

HLA GENETIC ORGANIZATION

The HLA (human leukocyte antigen) complex is the name
of the human major histocompatibility complex (MHC).
It is located on chromosome 6 (6p21.3), covers about 3600
kilobases of DNA, and contains in excess of 120 expressed
genes.4,5 Two classes of HLA molecules are central to the
control of immune responses: class I (HLA-A, -B, -C) and
class II (HLA-DR, -DQ, -DP)6,7 (Figure 93.1). Class I mole-
cules are heterodimorphic glycoproteins whose alpha
chain (~45 kD) is encoded by HLA-complex genes (HLA-A∗,
-B*, C*) and whose beta chain is �2-microglobulin (�2-M),
encoded on chromosome 15 (15q21–22.2).8 Class II 

molecules are also heterodimeric glycoproteins, but both
alpha and beta chains (~28–32 kD) are encoded within
the HLA complex (alpha genes HLA-DRA1*, -DQA1*,
-DPA1* and beta genes HLA-DRB1*, -DRB3*, -DRB4*,
-DRB5*, -DQB1*, -DPB1*).

VARIATION IN HLA GENETIC ORGANIZATION
Complexity of the HLA region is manifest at several lev-
els. As noted above, each HLA chromosomal segment or
haplotype has multiple class I and class II loci. However,
there is variation in the number of HLA-DRB genes pre-
sent on commonly occurring haplotypes. There are five
different prototypic haplotypes that are very commonly
observed9–11 (Figure 93.2). Thus, haplotypes expressing
DR1, DR8, or DR10 typically have only the DRB1* gene
that can be expressed, while most other haplotypes
have DRB1* and a second gene expressed (DRB3*,
DRB4*, or DRB5*, encoding DR52, DR53, and DR51 
antigens, respectively). It should be noted that excep-
tions to these prototypic haplotypes are known.12–15

These exceptional haplotypes may be difficult to match
in unrelated-donor searches. Further, some reasonably
frequent haplotypes do not express a second DR anti-
gen as a result of an inactivating mutation, e.g., HLA-
B57, DRB1*0701, DRB4*01030102N, DQB1*03030216;
DRB1*1502, DRB5*0108N, DQB1*050117; HLA-B52,
DRB1*1502, DRB5*0110N, DQB1*0503.18

HLA STRUCTURE AND FUNCTION

The HLA class I19,20 and class II21,22 molecules were
revealed by crystallographic studies to be similar in over-
all structure. The extracellular portion of both molecules
is composed of four domains (Figure 93.3). A peptide
binding structure formed by the two domains most dis-
tal to the cell membrane (�1, �2 of class I and �1, �1 of
class II) sits atop two membrane proximal domains (�3
and �2M of class I and �2, �2 of class II). The
intron/exon arrangement of the class I and class II HLA
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Figure 93.2 Prototypic HLA-DR haplotypes. The number of HLA-DRB genes and expressed DR molecules varies with differ-
ent haplotypes. In this figure five common or prototypic HLA haplotypes, the normally associated DR types, and number of
expressed DR molecules are shown. � indicates a nonexpressed DRB pseudogene

Figure 93.3 Domain struc-
ture of HLA molecules. HLA
class I and class II molecules
are heterodimeric glycopro-
teins composed of four exter-
nal domains. The two most
external domains of each
molecule form a peptide bind-
ing structure that is recog-
nized by T-cell receptors

Figure 93.1 HLA class I and class II genes of the HLA complex. This figure shows an abbreviated representation of the HLA
region of chromosome 6. The relative locations of the genes commonly evaluated in transplant matching are shown. Solid
bars represent �-chain genes and slashed bars represent �-chain genes. When present, the DRB3*, DRB4*, or DRB5* genes
are located between the DRA1* and DRB1* genes



genes (Figure 93.4) corresponds in large part to the
domain structure of the encoded molecules. Exons 2, 3,
4 of the class I alpha genes primarily encode the alpha 1,
2, 3 domains of the class I protein. In class II molecules,
the alpha and beta gene products each contribute one
domain to the peptide binding structure of the het-
erodimer. HLA class I molecules are found on nearly all
nucleated cells. Class II molecules have a more restricted
distribution, being found on B lymphocytes, activated T
lymphocytes, macrophages, and dendritic cells. 

T-CELL RECOGNITION OF HLA
As noted previously, the principal function of HLA
molecules is to acquire peptide fragments and to inter-
act with effector T cells or NK cells. Peptide fragments
bound by HLA molecules are found in a cleft whose
walls are formed by more or less parallel alpha helices
that sit atop a floor formed by �-pleated sheets (Figure
93.5). In class I molecules, six pockets are formed that
accommodate side chains of the bound peptides.20,25

Most of the highly polymorphic amino acid positions
can be classified according to whether their side chains
engage the bound peptide or the T-cell receptor (TCR)
(contact residues).26 In a similar fashion, the peptide
binding21,22 and TCR contact residues of class II mole-

cules have been addressed in crystallographic stud-
ies.27 While any HLA molecule can bind numerous dif-
ferent peptides, there is a selective or preferential bind-
ing of peptides (peptide binding motif) that is
determined by the polymorphic HLA pocket residues.
Since the TCR engages both bound peptide and TCR
contact residues of the HLA molecule, T-cell specificity
is influenced by both types of residues. 

In HLA-identical transplants there are no foreign
HLA molecules to which the donor can respond.
However, cytotoxic T cells against minor histocompat-
ibility antigens arise and can mediate GVHD and
GVL.28,29 In these cases, peptides from the minor his-
tocompatibility antigens are bound by host HLA mol-
ecules and are presented to donor T cells. In essence,
such T cells are responding to a foreign peptide in a
“self” HLA molecule. 

In an allogeneic response to a mismatched HLA
antigen, a large portion of T cells are activated.30 While
peptide-independent recognition of MHC has been
demonstrated in some studies,31,32 most alloreactive T
cells would appear to recognize foreign MHC in a pep-
tide-dependent or a peptide-specific fashion.33–38 Thus,
despite most peptide-binding residues being inaccessi-
ble to TCRs, they can influence the T-cell response by
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Figure 93.4 Exon–intron organization of HLA class I and class II genes. Class I and class II genes are segmented into multiple
exons separated by noncoding introns. Each external protein domain of the mature molecules is encoded by different exons



dictating which peptides are bound and their orienta-
tion by the foreign HLA molecules. Since T cells spe-
cific for foreign HLA plus peptides are not negatively
selected during thymic selection, alloreactive T cells of
this sort can represent a large fraction of the mature T-
cell repertoire.

NK CELL RECOGNITION OF HLA
NK cells are lymphocytes of the innate immune system
that function early to control infections and have the
ability to kill certain tumor cells.3,39 Lysis by NK cells is
inversely related to target cell expression of class I MHC
molecules. Since a number of viruses and tumor cells
down regulate expression of class I molecules to avoid
killing by cytotoxic T cells, NK cells are able to counter
this adaptation. At the same time, the expression of
class I molecules by healthy cells prevents their killing
by NK cells. The inhibition of lysis is mediated by a set
of NK-cell receptors specific for class I molecules.
Among these are CD94/NKG2A, which recognize a sub-
set of HLA class I leader peptides bound by the nonclas-

sic HLA-E molecule40 and certain killer immunoglobu-
lin-like receptors (KIR) (Table 93.1). Inhibitory receptors
KIR2DL1, KIR2DL2, KIR2DL3 recognize an HLA-Cw
amino acid motif dimorphism at positions 77 and
80,41–44 the latter having been shown to be a receptor
contact residue in crystallographic studies.43,44 KIR3DL1
is specific for the HLA-Bw4 epitope of a subset of HLA-B
molecules.45 The Bw4 epitope is determined by amino
acids in the region of 77 to 83 of the HLA heavy chain.
KIR3DL2 has been indicated to be specific for HLA-A3
and -A11.46,47 Studies have indicated that KIR recogni-
tion of HLA is dependent on bound peptides, but there
is little indication that the peptide contributes to the
specificity of the interaction.3

In the normal autologous setting, all NK cells have
at least one inhibitory receptor that interacts with an
autologous HLA class I molecule, thus preventing
attack against normal cells. In an HLA class I mis-
matched transplant there may be donor NK clones
that are able to attack recipient cells because the class I
ligands for the inhibitory receptors are not present on
these cells. It has been indicated that these cells can
mediate an effective GVL effect in HLA-mismatched
transplants.48–50

ANTIBODY RECOGNITION OF HLA
Alloantibodies directed against determinants of allo-
geneic HLA molecules can arise as a result of preg-
nancy, blood transfusion, and transplantation. Such
antibodies are well known to cause rejection of solid
organ transplants.51 The presence of patient antibodies
against mismatched donor HLA antigens and a posi-
tive lymphocyte crossmatch is strongly associated
with engraftment failure or graft rejection.52,53 For
patients lacking an HLA-matched donor, recognizing
the presence of HLA antibodies and defining the speci-
ficity(ies) can be very important in finding compatible
donors. Antibody reactivity and specificity can be
determined by testing against panels of HLA-typed
cells or purified HLA antigens. 
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Figure 93.5 Peptide-binding structure of HLA class I mole-
cules. This figure shows a representation of the peptide-
binding structure formed by the �-1 and �-2 protein
domains of a class I molecule. (a) Amino acid residues
involved in peptide binding and (b) amino acid residues that
contact the T-cell receptor. Residue positions in white are
located in �-helical segments and those in black are located
in �-pleated sheet segments of the molecule. The indicated
residues are those designated in Ref. 23 and/or 24

Table 93.1 HLA ligands for inhibitory KIR

Inhibitory KIR HLA ligand

KIR2DL1 HLA-C Lys-80 Cw2, Cw4, Cw5,
Group 2 Cw6, etc.

KIR2DL2, HLA-C Asn-80 Cw1, Cw3, Cw7, 
KIR2DL3 Group 1 Cw8, etc.

KIR3DL1 HLA-B Bw4 Residues B51, B27, B38, 
alleles 77-83 B63, etc.

KIR3DL2 HLA-A3, 
-A11

The commonly considered inhibitory killer immunoglobulin-like
receptors (KIR) and associated HLA class I ligands are shown. HLA-C
group specificity is associated with amino acids at residue position
80; Lysine (Lys, K) or Asparagine (Asn, N). Representative HLA-C
group and Bw4 antigens are shown



POLYMORPHISM OF HLA GENES 
AND PRODUCTS

HLA NOMENCLATURE
Two nomenclature systems exist for the HLA system.
The HLA system was originally described using alloan-
tisera reactive with antigenic determinants of HLA
molecules expressed at the cell surface and a nomen-
clature developed around that typing system. With the
advent of DNA-based methods in the mid-1980s a dra-
matic increase in the level of polymorphism was
revealed and required an additional nomenclature sys-
tem. Alleles identified by DNA typing were grouped
according to nucleotide sequence homology, but to
the degree possible the allele names retained a relation
to the serologic or antigen-level names.

Figure 93.6 outlines the basics of the DNA-based
nomenclature. HLA allele names indicate the locus
(e.g., HLA-A*) followed by up to eight digits that refer
to a unique nucleotide sequence. With the exception
of HLA-DPBI*, the first two digits of an HLA allele name
can be referred to as a family or group designation that
signifies a high level of sequence homology. DPBI*
allele names are not grouped into homology-related
families in general. This group or family in many, but
not all, cases correlates with the serologic or antigen-
level typing of the allele product. The third and fourth
digits relate to the encoded protein product of the
allele. The fifth and sixth digits, when present, indi-
cate nucleotide sequence variant alleles that encode
the same protein product due to codon redundancy
(synonymous alleles). The seventh and eighth digits
refer to allele nucleotide polymorphism outside of

the coding portions (exons) of the allele. In some
cases, these noncoding variations cause important
functional characteristics of the allele, such as null or
low expression. These expression variants can also be
shown with an appended letter suggestive of the
expression variation (e.g., N 
 null, L 
 low, S 
 sol-
uble). The most current listing of HLA alleles can be
foundathttp://www.ebi.ac.uk/imgt/hla/index.html.54

In the laboratory, HLA alleles or molecules can be
defined at different levels. Serologic HLA typing
defines HLA products based on the pattern of reactiv-
ity with selected antibodies. DNA typing systems gen-
erally test for particular sequence motifs using
sequence-specific oligonucleotide primer amplification
(PCR-SSP) and/or oligonucleotide probe hybridization
(PCR-SSOP) or direct sequencing (SBT) of amplified
gene segments. Low-to-intermediate level resolution
DNA test systems identify group or family level types
(two digit nomenclature) that correlate in large part to
antigen- or serologic-level typing. High-resolution
DNA systems indicate specific alleles or a very limited
set of allele possibilities. Aside from expression variant
alleles, the first four digits of an allele name can be
considered to fully define the expressed HLA product
(four digit nomenclature). 

In many cases, the first two digits of the HLA allele
name correspond to the serologic or antigen name of
the encoded product. For example, A*01, A*02, B*07,
B*08 alleles serologically type as A1, A2, B7, and B8 for
all of the characterized alleles. In other cases, the allele
group and serologic antigen name do not have this
mnemonic similarity. For example, the B*40 group of
alleles encode B60 (e.g., B*4001) and B61 (e.g.,
B*4002) antigens by serology. In these cases, the alle-
les are clearly related based on sequence homology,
but are distinct in key residues that are involved in
formation of epitopes recognized by antibodies (and
T cells). The best source that correlates serologic anti-
gen names with HLA alleles is that of Schreuder and
colleagues.55 Since many new HLA alleles discovered
in DNA-based testing are not serologically character-
ized, the antigen-level assignment is not formally
known. In many cases the probable antigen-level
assignment can be surmised by a knowledge of which
amino acid sequence motifs are important in antigen
definition. A useful resource for this can be found at
http://tpis.upmc.edu/tpis/HLAMatchmaker/.56

HLA ALLELES
The genes of the HLA complex include the most poly-
morphic human genes with known function. For class
I and class II loci that may be considered for matching
in transplantation, there are more than 1700 alleles
described (Table 93.2) (http://www.ebi.ac.uk/imgt/
hla/index.html).54 Considering the number of loci pre-
sent per haplotype and the number of alleles at each
locus, there is the formal possibility of an incredibly
large number of distinct HLA haplotypes (�9 � 109 for
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Figure 93.6 HLA nomenclature. HLA DNA-based nomen-
clature consists of the HLA complex name followed by the
locus identifier and a multidigit allele identifier with or
without a qualifying letter designation. The significance of
various positions is indicated in this figure

http://www.ebi.ac.uk/imgt/hla/index.html
http://www.ebi.ac.uk/imgt/hla/index.html
http://www.ebi.ac.uk/imgt/hla/index.html
http://tpis.upmc.edu/tpis/HLAMatchmaker/


HLA-A, -B, -C, -DRB1) and tissue types. However, the
practical numbers encountered are much smaller on
two accounts. First, many of the described alleles occur
at very low frequency in most or all populations. Thus,
the majority of individuals in a population can be
accounted for by a relatively limited number of alleles
at the commonly typed loci.57,58 Second, alleles at dif-
ferent loci appear together more frequently than
expected by chance due to linkage disequilib-
rium.6,59,60 As an example, HLA-A*0101,B*0801,
Cw*0701,DRB1*0301,DQB1*0201 may represent ~5%
of the haplotypes in Northern European populations
despite an expectation of about 0.007% based on the
product of the individual gene frequencies. Patients
with common or linkage HLA haplotypes more often
find well-matched donors in unrelated-donor reg-
istries than do those with uncommon associa-
tions.61–63

The level of polymorphism of the HLA genes is not
equally distributed among the coding exons. For class
I HLA genes, exons 2 and 3 are more polymorphic
than other exons. For class II genes, exon 2 is the most
polymorphic exon. As noted earlier, these exons
encode the protein domains that form the peptide
binding structure and interface for the T-cell22,26,27

and NK-cell receptors.43,44,64 Most of the highly poly-
morphic positions of these domains are involved in
peptide-binding or TCR contact26 (Figure 93.5). It may
be that matching for these residues is more important
than others in reducing adverse transplant outcome,
although data supporting this are lacking as of yet. 

ETHNIC DIFFERENCES IN HLA ALLELE AND
HAPLOTYPE FREQUENCIES
Certain alleles and allele combinations (haplotypes)
have very different frequencies in different ethnic or

racial groups.58,65–67 Further, a greater complexity due
to the variety of alleles and haplotypes is also seen in
some groups. The probability of finding an HLA-
matched unrelated donor is affected both by this com-
plexity and by the number of individuals of that group
represented in the various registries.66,68–70 These con-
siderations are the basis for unrelated donor registry
recruitment efforts among minority groups.

HLA EXPRESSION VARIANTS (NULL, SOLUBLE, 
AND LOW-EXPRESSION ALLELES) 
A number of HLA class I and class II genes have been
described with mutations that prevent cell surface
expression (“null” or “soluble”) or cause reduced expres-
sion (“low”)54,71 (Table 93.2). The greatest number of
these expression variant alleles have been described for
HLA-A* and -B*, but have been observed for most, if 
not all, HLA loci. While most of these variants are rare,
some are not and may often appear as part of extended
haplotypes (e.g., DRB4*01030102N,16 DRB5*0108N,17

DRB5*0110N,18 A*24020102L,72 Cw*0409N73). Known
expression variants can be typed by DNA methods, but
serologic typing is useful for generic exclusion of such
alleles.

The consequences of mismatches for null expres-
sion variants have not been reported. However, since
the null alleles are generally considered not to produce
surface HLA molecules, mismatching between an
expressed and nonexpressed allele could result in
allostimulation and an adverse transplant outcome. 

The A*24020102L allele produces surface antigen
sufficient to stimulate a T-cell response even though
not detected by anti-A24 antibodies in serologic typ-
ing.74. Severe acute GVHD in an A*24020102L patient
transplanted with an A*24-negative donor was reported
by Zanone-Ramseier and colleagues.75

Part V ■ STEM CELL TRANSPLANTATION990

Table 93.2 Polymorphism of HLA genes

HLA class I HLA class II

Locus Alleles Expression variants Locus Alleles Null Variants

Null Low Soluble

HLA-A 313 20 2 0 HLA-DRB1 377 0

HLA-B 587 15 0 1 HLA-DRB3 41 0

HLA-C 139 2 0 0 HLA-DRB4 13 3

HLA-DRB5 18 2

HLA-DQA1 28 1

HLA-DQB1 56 0

HLA-DPA1 20 0

HLA-DPB1 110 2

The number of alleles described for each of the indicated HLA loci is shown in the middle column. The number of expression variant alleles is
indicated in adjacent columns. Data represent WHO listed alleles as of July 2004.52



HLA MATCHING IN STEM CELL 
TRANSPLANTATION RELATED DONORS

HLA-IDENTICAL SIBLING DONORS
HLA-identical related donors (typically siblings) are
generally considered to produce superior transplant
outcome results compared to HLA-matched unrelated
donors.76,77 It is against this subset of donors that all
other alternate donor types are compared with regard
to transplant outcome.

Since there is a 50% chance of two siblings inherit-
ing the same HLA haplotype from a parent, there is a
25% chance that they will inherit the same chromo-
some from each parent. Overall, about 30–35% of
patients find an HLA-matched sibling donor for trans-
plantation. Serologic typing and low-resolution DNA
typing for HLA-A, -B, -C, -DR may be sufficient to iden-
tify an HLA-identical sibling when enough family
members have been studied to demonstrate that the
same haplotypes were inherited (identity by descent).
If not initially typed, HLA-DP typing may also be per-
formed to exclude the possibility of a crossover in the
interval between DR/DQ and DP. If two siblings have
not been shown to be HLA identical by descent, there is
the possibility that they have not inherited the same
HLA haplotypes, but rather different haplotypes that
are only similar at the tested loci. In such cases, addi-
tional study of untested loci and DNA testing at high
resolution are warranted. If not initially studied, the
inclusion of HLA-C and -DP testing is often useful to
identify distinct haplotypes. Although HLA-identical
relatives are generally siblings, more distant relatives
are sometimes found to be HLA identical. This may be
suggested by the architecture of the family and should
be addressed when HLA-identical siblings are not iden-
tified.

HLA-MATCHED RELATED DONORS
While HLA-identical siblings have inherited the same
haplotypes from each parent, other HLA-matched
family members may be identified. These may include
siblings, parents, and more distantly related individu-
als. Such individuals have typically inherited one HLA
haplotype in common with the patient and a second,
matched haplotype of independent origin. Since one
haplotype is of independent origin, a higher level of
HLA testing is needed to determine the level of simi-
larity of the nonshared haplotype. Both the patient
and the prospective donor should be tested for all rele-
vant HLA loci at high resolution. Even when the non-
shared haplotype is found to be identical at each tested
locus, identity cannot be assumed for untested loci or
DNA segments that may be relevant to transplant out-
come (e.g., minor histocompatibility antigens, cytokine
genes). Thus, donors HLA identical by descent may be
preferred to over matched, but haplotype distinct
related donors.

An HLA-matched, but haplotype distinct related
donor may be favored over a matched unrelated donor
on at least three counts. First, the shared haplotype is
identical (within the boundaries marked by the tested
loci), including any additional genes that may be
important to transplant outcome. Second, a related
donor is expected to share more minor histocompati-
bility genes with the patient than an unrelated donor.
Third, a related donor is generally more accessible and
may result in a more timely transplant. 

When an HLA-identical sibling is not identified in
the immediate family, the possibility that a more dis-
tant relative might be matched should be considered.78

This may be particularly relevant when the patient has
a rare HLA allele or haplotype paired with a haplotype
that is frequent in the general population. The proba-
bility of finding a more distant matched relative is a
function of the number of relatives available and the
frequency of the more common haplotype in the gen-
eral population or the ethnic group of the family.
Allele and haplotype frequencies in various popula-
tions are available.57,58,65–70 The typical approach is to
first determine which branch of the family carries the
rare HLA allele or haplotype (e.g., maternal or pater-
nal) and then to trace the rare haplotype by typing
additional key relatives. 

PARTIAL HLA-MATCHED RELATED DONORS
Partial HLA-matched related donors (PMRD) have
been utilized as alternative donors for patients with-
out an HLA-identical or phenotypically matched
related donor.48–50,79–85 These cases nearly always
involve a shared HLA haplotype between the patient
and donor. The nature and number of mismatched
HLA antigens or alleles can have an important effect
on transplant outcome. 

With partially matched related donors, the possi-
bility of patient antibodies reactive with the mis-
matched HLA antigens should be addressed to avoid
the associated risk of graft failure. Identification of
patient antibodies against mismatched HLA antigens
and a positive lymphocyte crossmatch against the
donor strongly correlates with increased risk of graft
failure.52,53,86

Single-antigen-mismatched related donors
For patients without an HLA-matched related donor, a
single-antigen- or allele-mismatched sibling donor is
available in less than 5% of cases. Such cases may rep-
resent a recombinant HLA haplotype in the patient or
donor, which can be demonstrated by family study.
Other cases may represent two similar, but entirely
unrelated haplotypes being present in the family. For
unproven cases and unrelated haplotypes, high-resolu-
tion DNA typing and additional locus testing (e.g., Cw,
DP) are needed.

Compared to HLA-identical sibling transplants,
related single HLA-mismatched transplants have been
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reported to have equivalent84,85 or reduced76,87,88 over-
all survival. Increased risk of severe acute GVHD has
been reported with both class I and class II (DRB1*)
mismatches, although it may be higher with DRB1*

mismatches.85,87 Increased risk of graft failure and
GVHD is associated with single-antigen PMRD donor
transplants, but may be offset in part by lower relapse
rates due to GVL effect observed in some studies. The
stage of disease when the patient is transplanted is an
important variable in transplant outcome. In some76,87

but not all85,88 reports, the negative overall survival
effect of mismatch was observed in low- or standard-
risk patients but not or less in high-risk patients where
relapse may be a more imminent factor. When com-
pared to unrelated donor transplants, single HLA-mis-
matched PMRD transplants have been reported to
have comparable76,85,87,89 overall survival. 

Haploidentical HLA-mismatched related donors
Related donors sharing one HLA haplotype, but with a
greater level of HLA disparity have also been
used.48–50,79,81,83,84,90 The greater level of disparity is
associated with increased engraftment failure, GVHD,
and transplant-related mortality (TRM).76,87,91

Drobyski and colleagues83 found that matched, unre-
lated-donor transplants had better outcomes than
related donors, with more than one HLA mismatch
for class I (A,B) or class II (DRB1*,DQB1*). Improved
results may be obtained with more extensive GVHD
prophylaxis, rigorous donor T cell depletion, and high
stem cell doses.48–50,79 Ruggeri and colleagues48,49

found that NK cells can have a profound effect in
patients receiving rigorously T-cell-depleted stem cells
from single haplotype matched donors. In patients
who lacked an HLA ligand for an inhibitory KIR pre-
sent in the stem cell donor (see Table 93.1), donor NK
cells capable of killing patient lymphoblasts were
found. In patients with myeloid disease, especially
AML, KIR epitope mismatched transplants had
increased engraftment and lower relapse rates than
did KIR epitope matched cases. Leung and col-
leagues,50 in a study of pediatric patients, reported a
stronger correlation by testing donor cells for KIR
expression and extended the observation to ALL
patients. The authors suggest that when inhibitory
KIR receptors of donor NK cells are not engaged by
recipient ligands they are able to mediate a strong
GVL effect and may also promote engraftment.
Whether a similar benefit may apply in unrelated
stem cell transplants is not established since conflict-
ing studies have been reported.92–95

UNRELATED DONORS 

Since only about 30–35% of patients needing a stem
cell transplant have a suitably HLA-matched relative
able to donate, the majority of patients need alternate

donors. As indicated earlier, some additional patients
can be transplanted with partially matched related
donors with acceptable outcomes. Nevertheless, many
patients do not have suitable related donors and seek
unrelated donors. Over the years, a number of national
and international donor registries have been set up to
facilitate unrelated-donor transplants. There are cur-
rently more than 9 million prospective donors regis-
tered along with a significant number of stored cord
blood units (CBU). 

HLA-MATCHED UNRELATED DONORS
While HLA-identical sibling donors produce the best
transplant outcomes,84 closely matched unrelated
donors (MUD) can also produce acceptable results.96,97

Sources of stem cells for unrelated donor transplants
include bone marrow97 peripheral blood stem cells
(PBSC),98 and umbilical cord blood cells.99–103

In sibling donor transplants, serologic or low reso-
lution HLA testing sufficient to prove haplotype iden-
tity is adequate, but this is not the case when unrelated
donors are being considered. With the advent of DNA-
based HLA testing, it was quickly apparent that sero-
logically defined HLA antigens represent multiple dis-
tinct alleles in most cases.55 The available literature on
the role of HLA matching in stem cell transplant out-
come varies both with regard to the number of HLA
loci tested and the resolution level of the testing per-
formed.

Which HLA loci should be matched?
As shown in Table 93.3, matching for many of the HLA
loci has been reported to be important in affecting
transplant outcome, and there has been general con-
sensus that mismatches for HLA-A, -B, and -DR loci are
important. Studies using DNA typing methods have
demonstrated the importance of matching for HLA-C
in MUD transplants.104–106,108,109,123 Thus, matching for
HLA-A, -B, -Cw, and DRB1* is supported by numerous
studies. Conflicting results have been reported regard-
ing the importance of matching for HLA-DQ and -DP
(Table 93.3). In some cases, the effect of mismatch was
observed when coupled with mismatches at other loci
but not in isolation. The effect of mismatches at
DRB3*, DRB4*, and DRB5* (secondary DRB) has not
been evaluated. It can be argued that all of these loci
should be matched between patient and donor if pos-
sible since products of all of these alleles can elicit T-
cell responses.124,125 Because of strong linkage disequi-
librium between DRB1* and DQ and the secondary
DRB loci, matching can generally be accomplished.
However, since linkage disequilibrium between DRB1*

and DP is much lower, otherwise very well matched
donors are frequently mismatched at DP. If included in
a matching algorithm, some centers may use HLA-DP
matching to distinguish among otherwise matched
donors.
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What level of matching is appropriate?
Initially, the importance of matching for HLA-A, -B,
and -DR was established by serologic or antigen-level
assignment.126,127 With DNA-based typing it was sub-
sequently shown that allele- or high-resolution-level
matching for DRB1* was associated with lower GVHD
and TRM,112–114,128,129 being most evident when donors
were otherwise matched for class I antigens. Since the
mid-1990s most centers have matched unrelated
donors for DRB1* at the allele- or high-resolution-typ-
ing level whenever possible, and often with preference
over matching for class I. 

Until the later 1990s, most studies of HLA matching
involved antigen- or low-resolution-level HLA class I
typing and may not have considered HLA-C. 

A number of recent large studies have investigated
the role of class I matching using allele-level DNA typ-
ing. Petersdorf and colleagues23,107 found that single-
antigen-level or multiple-allele-level class I (A, B, C),
but not class II, mismatches in the HVG (host versus
graft) vector were associated with graft failure in CML
patients. The risk of graft failure was particularly high
when the mismatch was only in the HVG direction
(donor is mismatched at a locus for which the patient
is homozygous). In a subsequent study,110 allele- or
antigen-level HLA-A, -B, -C mismatches were associ-
ated with increased mortality in low risk, but not
higher risk CML patients. Two large registry studies of
transplants performed at multiple centers and in
multiple disease types have also been reported.
Morishima and colleagues104,105 found that single

HLA-A, -B, -C, and -DRB1* antigen- or allele-level mis-
matches were associated with increased acute GVHD,
and class I mismatches were risk factors for failed
engraftment. Flomenberg and colleagues106 found that
antigen or low-resolution mismatching at HLA-A, -B,
or -Cw was significantly associated with increased
mortality. No significant mortality risk was found for
single locus mismatches found only at the allele level
(i.e., antigen level matched), although a trend was
shown for HLA-A allele mismatches. For severe acute
GVHD, only HLA-A antigen-level mismatches were
significantly associated although trends for association
for HLA-B and -C were present. In sum, these studies
show that HLA-A, -B, -C antigen or low-resolution mis-
matches are clearly associated with reduced overall
survival. The effect is at least similar to mismatches for
HLA-DRB1* and has called into question the common
practice of giving matching preference to DRB1* when
choosing partially mismatched unrelated donors.
With regard to allele-level versus antigen-level class I
mismatches, it would appear that single-antigen-level
mismatches are more strongly associated with severe
consequences than are allele-level mismatches.
However, trends toward allele mismatch effect and
indications of cumulative or synergistic effects of mul-
tiple allele mismatches suggest that allele-level match-
ing for at least HLA-A, -B, -C, and -DRB1* should be uti-
lized when possible. Similar high-resolution matching
for HLA-DQ and -DP is also supported by reports by
individual centers.

WHAT IF HLA-MATCHED DONORS ARE 
NOT AVAILABLE?
If related donors and matched unrelated donors are not
available, one may choose to consider partially
matched unrelated donors. As discussed earlier, mis-
matched unrelated donors have increased risk of severe
complications and increased mortality. However,
despite the increased risk, successful outcomes are
observed. Transplantation in these cases may benefit
from alternate donor sources, protocols designed to
minimize the risk of increased complication rates, or
selection of donors whose mismatches may elicit less
severe immune responses. 

ALTERNATE DONOR SOURCES 
Unrelated cord blood stem cells
Unrelated cord blood (UCB) cell transplantation has
been used successfully to treat pediatric and smaller
adult patients.99,101–103 Patients receiving HLA mis-
matched related and UCB transplants have a lower rate
of severe acute GVHD and mortality than is observed
in marrow transplants with a similar level of HLA mis-
match.101 Stem cell or nucleated cell dose is critical to
successful engraftment and is the most important
factor affecting patient survival in cord trans-
plants.99,101–103 However, minimizing HLA mismatches
is still important in cord transplants. Rubinstein and
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Table 93.3 Effect of HLA matching on unrelated donor
transplant outcome

Literature citation
Matching Match Lack of

HLA Locus benefit benefit benefit

A Yes 104–107

B Yes 104–107

C Yes 104–111

DRB1 Yes 105, 106, 112 104
113, 114

DRA No

DRB3, DRB4, Unknown
DRB5

DQA1 No 106

DQB1 Variable 110, 115, 106, 113
reports 116

DPA1 Variable 117 106, 118
reports

DPB1 Variable 118–121 104, 106,
reports 113, 128
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Stevens103 reported that risk of severe acute GVHD cor-
related with HLA mismatch. Considering HLA-A, -B
(antigen level) and -DRB1* matching, severe GVHD
was seen in 8, 19, and 28% for 6/6, 5/6, and �4/6 HLA
mismatches, respectively. 

T-cell depleted stem cell products
T-cell depletion of stem cell products can effectively
reduce GVHD, but was found to be associated with an
increased relapse rate due to the loss of a GVL
effect.79,80 However, as noted previously, rigorous T-cell
depletion/CD34� enrichment has been successful in
related, haplotype mismatched donor transplants, par-
ticularly when the HLA mismatch prevents KIR inhibi-
tion of donor NK cells.48,49,50 This might also apply to
unrelated donors, but conflicting indications have so
far been reported.92–95 Another approach may be to
transplant T-depleted donor stem cells and then at a
later date infuse reserved donor T cells when the
patient hematopoietic system has been replaced.130

The intent being to avoid the massive initial stimula-
tion of donor T cells by patient hematopoietic cells
(“cytokine storm”) that may promote GVHD, but
recovering a GVL effect at a later point. 

CAN ACCEPTABLE HLA MISMATCHES BE PREDICTED?
Even with the large number of prospective donors
listed by the various registries around the world, many
patients do not find a matched donor even for HLA-A,
-B, -C, -DRB1*. Despite the increased risk associated
with HLA-mismatched transplants, acceptable results
are achieved for many patients despite an imperfectly
matched donor. The question raised is whether certain
HLA mismatches are better tolerated than others and if
so, whether this can be applied to donor selection to
improve outcome.

Comparing different prospective allele mismatches
simply on the basis of the number of mismatched
amino acids is unlikely to be helpful. More likely to be
useful would be a qualitative analysis of the mis-
matched residues. As discussed previously, most allore-
active T cells recognize foreign MHC in a peptide-
dependent or a peptide-specific fashion,33–38 leading to
the speculation that HLA amino acids involved in pep-
tide binding and TCR interaction may be more impor-
tant to matching than other positions (see Figure
93.5). Antigen-level class I mismatches pose a greater
risk than allele-level mismatches for graft failure112

and increased mortality.106 Petersdorf and colleagues23

observed that there were a greater number of differ-
ences in peptide binding and especially TCR contact
residues in the antigen-mismatched donor/recipient
pairs rather than in allele-level mismatched donor/
recipient pairs. Ferrara and colleagues131 found that
transplanted patients whose donors were mismatched
at residue 116 of HLA class I molecules (A, B, or Cw)
were at higher risk of severe GVHD and increased

mortality than those with mismatches at other
residues.131 This residue is in the floor of the cleft and
is expected to contribute to peptide-binding speci-
ficity.19 In addition to the molecular position of the
mismatched residue, the nature of the mismatched
amino acid may relate to the impact of the change.
Substitution with amino acids of similar character
may have less effect than that with dissimilar amino
acids.

The ability to associate particular HLA allele mis-
matches with different levels of complication risk
would be useful to distinguish among mismatched
prospective donors. Elsner and colleagues24,132 have
developed an online tool that compares HLA alleles
based on quantitative, positional, and qualitative eval-
uation of the mismatched amino acids and produces a
dissimilarity score (http://histocheck.de./). Shaw and
colleagues133 studied 26 HLA-A allele level mismatched
transplants but did not find a correlation of the dis-
similarity scores and transplant outcome. That HLA
allele pairs can be compared with regard to probability
of T-cell stimulation is a logical premise. However, fur-
ther large studies of HLA allele level typed transplant
pairs will be needed to determine clinical validity of
this approach.

UNRELATED DONOR REGISTRIES

For patients without a suitable related donor, searching
unrelated donor registries may provide a suitable
donor.134 The National Marrow Donor Program
(NMDP) is the largest of the registries with over 5 mil-
lion prospective marrow/PBSC donors and 31,000
CBU135–137 (http://www.nmdpresearch.org/index.html).
NMDP searches include donors from Bone Marrow
Donors Worldwide, representing registries from 39
countries and bringing the total number of prospec-
tive donors to over 9 million (http://www.bmdw.org/
database/donors.htm). As discussed previously, the
prospect of finding a match for a patient with uncom-
mon or rare HLA alleles may be different in various pop-
ulations. Thus, a search of different registries may be
more likely to provide a matched donor. In the NMDP
registry, five major groups are represented: Caucasian
(67.4%), Hispanic (10.6%), African American (9.9%),
Asian/Pacific Islander (7.8%), American Indian/Alaska
Native (1.6%).136 The CBU Registry has about 30%
minority representation. Of the registrants, approxi-
mately two-thirds have at least serologic or antigen-
level typing for HLA-A, -B, -DR. 

When a search is requested a list of potentially
matched registrants or CBU is generated. NMDP search
reports indicate prospective marrow/PBSC donors with
potential for 5/6 and 6/6 (A, B, DR) matches and 4/6,
5/6, and 6/6 for CBU. From among those likely to be
matched, a sample for confirmatory and additional HLA
testing can be requested. This typing can be performed

http://www.nmdpresearch.org/index.html
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by the transplant center laboratory or an NMDP refer-
ence laboratory. The NMDP requires that both patient
and donor be HLA typed at high resolution or allele
level for HLA-A*, -B*, and -C* (minimal exons 2 and 3)
and DRB1* before donation can occur. This does not
indicate that patient and donor must be matched at
high resolution for these loci. The intent is to allow
analysis of the effect of allele-level matching on trans-
plant outcome.

The prospect of finding a preliminary HLA-A, 
-B, -DR matched registry donor (i.e. serologic level
typing) is 87% for Caucasians, 75% for Asian/Pacific
Islander, 85% for Hispanic and 60% for African
Americans according to NMDP statistics.135 However,
when allele-level matching and other loci are consid-
ered, the probability of a full match drops markedly.
Tiercy and colleagues138,139 indicated that half or less
of their patients with preliminary matches (A, B, DR
antigen level) were able to find allele-level matched
donors for HLA-A, -B, -Cw, -DRB1, -DRB3, -DRB5, 
-DQB1. Finding highly matched donors for patients of
ethnic minorities is especially difficult.62,70

STRATEGIES FOR UNRELATED DONOR SEARCHES
Identification of a prospective unrelated stem cell
donor is based principally on HLA matching. The
patient should be initially typed for all relevant loci at
allele/high resolution even though registry-matching
algorithms are currently based on A, B, DR. This
information can be used to indicate the probability
that a matched donor will be found and may suggest
the number of donors from a preliminary search that
should be recruited for confirmatory or higher resolu-
tion testing. Since an increasing proportion of reg-
istry donors have been typed at high resolution and
for more loci, the preliminary search results may
already indicate well-matched donors that can be
requested for confirmatory typing. Patients that have
common HLA alleles and haplotypes more often find
matched unrelated donors61–63 and one can expect
that only a few donors need to be typed to find a
well-matched donor over the HLA-A through DQ
interval. In contrast, rare alleles or haplotypes may
indicate that a greater number of donors need to be
considered.

In some searches, a large number of donors are pos-
sible matches by low resolution typing, and the prob-
lem becomes identifying those that may be more likely
to match the patient. These can sometimes be priori-
tized on the basis of additional loci that have been
tested. As mentioned previously, the HLA complex dis-
plays a high level of linkage disequilibrium between
loci. Thus, one may selectively perform confirmatory
testing on donors who are listed as DRB1*13,
DQB1*0604 or DRB1*13, DRB3*0301 for a patient who
is DRB1*1302, since these are the most common asso-
ciations for this allele. Another example would be typ-
ing B44, Cw5 prospective donors to enrich for the

B*4402 subtype as opposed to the other common B44
subtype of B*4403.

Some HLA alleles or haplotypes may be rare in the
general population but more common in particular
ethnic or racial groups. This information can be used
to focus a donor search in those groups’ registries that
are more likely to have individuals that match the
patient. Thus, for a patient who is DRB1*1503 one
may focus confirmatory testing mainly on African
American donors listed as DRB1*15 rather than
DRB1*15 Caucasians since the frequency of this allele
differs markedly in the two groups (�80% vs �5%,
respectively). A number of references regarding HLA
antigen or allele frequencies in different populations
are available.57,58,140 In some cases, donors may be
matched for a patient but have been incorrectly typed
or listed on the registry. This problem is most appar-
ent for donors who only have serologic-based typing
as is more often seen for antigens that are difficult to
assign by serologic typing.141 If no matches are indi-
cated for a patient with one of these difficult antigens,
one should consider repeating the registry search
using a surrogate antigen that the proper antigen may
have been mistyped as (e.g., A26 to replace A66).
Some problem antigens may have been missed
entirely in serologic typing and running a second reg-
istry search without that antigen may pick up a
matched donor (e.g., A74, particularly when paired
with another A19 group antigen).

Patients with null or expression variant alleles may
be difficult to match in registry searches, although the
indications that the more common variants may
appear as part of extended haplotypes may be some-
what encouraging.16–18,72,73 Donors with expression
variants mismatched to patients can be excluded on
the basis of serologic- or DNA-based typing.

SEARCHES FOR HLA-MISMATCHED 
UNRELATED DONORS
For a significant fraction of patients a fully matched
donor may not be obtained. Tiercy and colleagues138

indicated that their patients for whom full HLA-
matched donors were not found fell into four cate-
gories (1) a rare allele in the patient, (2) an unusual B-
DR or DR-DQ haplotype in the patient, (3) an antigen
that is split into more than two alleles with greater
than 10% frequency (e.g., DRB1*04), (4) a B antigen
that has multiple Cw associations (e.g., B*51). Since
some patients can do well with mismatched donors,
the issue may become finding prospective donors that
represent minimal mismatches to the patient, as dis-
cussed previously. Given the high level of linkage dise-
quilibrium, especially between HLA-B and -Cw and
between DR and DQ, mismatches at B or DR are very
often also found to be mismatched at Cw or DQ,
respectively. This may affect the choice of prospective
donors on whom to perform additional testing to
avoid multilocus mismatches.
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SUMMARY

HLA matching between patient and donor is a critical
component in determining the success of allogeneic
stem cell transplantation. High-level matching is asso-
ciated with improved engraftment, reduced severe
GVHD, and improved patient survival. Mismatching
at most HLA loci has been correlated with adverse out-
come in at least some reports, and there is essential
consensus that matching for HLA-A, -B, -Cw, and -DRB1*

is important for improved outcome.

It is important to develop consensus on the effect
of mismatching for other HLA loci that have not
been well studied or for which there are conflicting
indications. Since a significant fraction of patients
do not have fully matched donors (related or unre-
lated), it is important to determine if certain HLA
mismatches may be better tolerated than others and
produce less risk of adverse outcome. This will
require the study of large numbers of patient/donor
pairs that have been HLA typed at allele level for
each of the polymorphic loci.
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Hematopoietic progenitors cells (HPC) were first
demonstrated in human peripheral blood (PB) in
1971.1 In normal individuals small amounts of periph-
eral blood stem cells (PBSC) are present in the PB dur-
ing steady state hematopoiesis and many aphereses are
required to obtain adequate PBSC for transplant. In
the mid 1980s, autologous PBSC transplantations
(PBSCT) were performed successfully as an alternative
to bone marrow transplantation (BMT) in patients
with malignant lymphoma, breast cancer, and acute
leukemia.2–4 These studies showed that hematopoietic
engraftment can be achieved with stem cells collected
from the circulating blood rather than from the bone
marrow (BM) and hematopoietic reconstitution using
stem cells collected during steady-state was similar to
BM. However, while most patients experienced a com-
plete and stable hematopoietic reconstitution, some
patients had slow platelet recovery or experienced a
subsequent fall in PB count with nonmobilized PBSCT.
This raises some concerns about the ability of circulat-
ing stem cells collected during steady state to sustain
life-long hematopoiesis. Some investigators added
PBSC to autologous BM grafts in an attempt to shorten
the duration of neutropenia and enhance hematopoi-
etic recovery. However, only the addition of PBSC col-
lected after prior myelosuppressive therapy,5 not during
the steady state,6 were found to accelerate hematopoi-
etic recovery and prompt engraftment.

Blood progenitor cell mobilization in humans was
initially noted during recovery from myelosuppressive
chemotherapy.7 The advances in knowledge in stem
cell biology, the availability of hematopoietic growth
factors, the availability of large-scale, continuous-flow
leukopheresis, and an improved technique for progen-
itor cells assay, have increased the use of mobilized
PBSC for transplantation. PBSC have several advan-
tages when compared to BM grafts, including the fact
that it is an outpatient procedure and no general anes-
thesia is required. In addition, results from random-
ized studies have shown that the hematopoietic
recovery following myeloablative therapy was much
more rapid with mobilized PBSC autografts than with
BM autografts followed by growth factor.8 This has
lead to the widespread use of mobilized PBSC in all

autologous transplant settings and in many allogeneic
transplant settings.

MECHANISM OF STEM CELL 
MOBILIZATION

Despite the success of PBSCT, the exact mechanism
involved in PBSC mobilization and homing is not well
understood. There is evidence that cytotoxic agents
disrupt normal marrow endothelial cell barriers and
thus facilitate homing and release of hematopoietic
stem cells (HSC). A number of different cytokines are
also known to up- or downregulate specific adhesion
molecules on both progenitor cells and endothelium
and may mediate both the binding and release of HSC
and progenitor cells.

A significant number of studies in the past few years
have revealed insights into regulation of HSC release,
migration, and homing as well as the mechanism of dif-
ferent mobilization pathways. Under steady-state condi-
tions, most of the stem cells are maintained in the G0
phase of the cell cycle by interaction with stromal cells
in the BM, while there is only a small proportion of stem
cells in the S or G2/M phase of the cell cycle. Adhesive
interaction between the CD34� hematopoietic stem cell
with cellular and matrix components of the BM envi-
ronment are involved in stem cell mobilization.9

Primitive HSC express a wide range of cell adhesion
molecules (CAM), including members of the integrin,
selectin, immunoglobulin superfamily, and CD 44 fami-
lies of adhesion molecules. The mobilization process is
initiated by stress-induced activation of neutrophils and
osteoclasts by chemotherapy and repeated stimulation
with cytokines, resulting in shedding and release of
membrane-bound stem cell factor (SCF), proliferation of
progenitor cells, as well as activation and/or degradation
of adhesion molecules such as very late antigen (VLA-4)
and L-selectin. Recent studies suggest the interaction
between CXCR4 and its ligand stromal-derived factor-1
(SDF-1) plays a key role in stem cell mobilization.10

Active signaling through SDF-1/CXCR4 and upregula-
tion of adhesion molecules are required for homing,
whereas downregulation of adhesion molecules and
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disruption of SDF-1/CXCR4 signaling are required for
mobilization of HSC. Lapidot and Petit have recently
suggested a model wherein granulocyte colony-stimulat-
ing factor (G-CSF) stimulation induces proteases such as
neutrophil elastase and other matrix metalloproteases
that markedly reduce local BM of SDF-1, resulting in the
egress of HSC and progenitor cells from BM into PB.10

Mobilized CD34� cells have lower levels of VLA-4, c-kit
expression, and CXCR4 expression compared with
steady-state BM and PB. The release of CD34� cells from
the marrow is contingent upon an extensive decrease in
L-selectin and moderate decrease in VLA-4 expression
on CD34� cells, and therefore, VLA-4 might have a role
in facilitation of extravasation and release of CD34� cells
from the marrow into blood stream. The reduced c-kit
expression before the egress of HSC in the circulation is
inversely correlated with stem cell yield. The activation

of the metalloproteinase (MMP)-9 leading to the release
of c-kit-L is a decisive checkpoint for the mobilization of
HSC as it promotes the recruitment of stem cells into PB.
The proposed mechanism of stem cell mobilization is
shown in Figure 94.1.

PARAMETERS USED FOR MEASUREMENT 
OF PBSC

HSC are clonogenic cells capable of self-renewal and
multilineage differentiation. Progenitor cells are oligo-
lineage cells that are already more restricted in their
differentiation potential and are not able to self-renew.
The expression of the antigen CD34 and lineage nega-
tivity are often used as surrogate markers for HSC and
progenitor cells. The percentage of CD34� cells in PB
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Figure 94.1 A model for stem cell
mobilization by G-CSF. In steady state
(upper panel), stem cells are localized
in close proximity to stromal cells.
Retention is mediated by adhesion
molecules such as VCAM-1/VLA-4 and
through SDF-1/CXCR4 interactions.
During mobilization (lower panel), G-
CSF induces both cell proliferation and
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SDF-1/CXCR4 interactions in the
migration of cells toward the blood.
(From Lapidot and Petit10, used with
Permission.)



under steady-state conditions is about 0.06% and
about 1.1% in BM.11

Other parameters used to measure the quantity of
PBSC include nucleated and mononuclear cell number
(MNC) and colony-forming unit granulocyte-
macrophage (CFU-GM). Several studies have shown that
the number of MNC count correlates poorly with engraft-
ment kinetics, thus it is no longer used for PBSC enumer-
ation. Both the CFU-GM and CD34� assays are the two
most commonly used indicators which have been shown
to predict the time to engraftment. Numerous studies
have shown a relationship between the dose of CD34�

cells, the concentration of CFU-GM, and the time to
engraftment.12,13 However, CFU-GM assays require signif-
icant laboratory skill, and methodology in different labo-
ratories varies greatly. Therefore, quantifying CD34� cells
by flow cytometry is now the method of choice for deter-
mining graft adequacy. Moreover, the CD34� cell count
has been shown to be a good predictor for engraftment
kinetics, especially for platelets.

METHODS OF STEM CELL MOBILIZATION 

MYELOSUPPRESSIVE CHEMOTHERAPY
Several methods to mobilize PBSC from an extra vascu-
lar location into circulation have been described.
Myelosuppressive chemotherapy was the first method
described for stem cell mobilization.14 During the
recovery phase after myelosuppressive chemotherapy,
there was a 14- to 100-fold increase in peripheral blood
CFU-GM above the baseline. The extent of this increase
is proportional to the severity and duration of the
cytopenia. High-dose cyclophosphamide (CY) is the
most commonly used regimen since it is active against
most tumors. However, there are several disadvantages
to chemotherapy mobilization, including the length of
time required, toxicity, neutropenic fever and/or sepsis,
bleeding diathesis, and the unpredictable timing of
apheresis. In addition, little or no increase in peripheral
blood CFU-GM was observed in some patients who had
received extensive prior therapy and patients with mar-
row involvement with tumor.15 With the introduction
of hematopoietic growth factors, it is no longer accept-
able to use myelosuppressive chemotherapy alone for
stem cell mobilization.

HEMATOPOIETIC GROWTH FACTORS ALONE
Several hematopoietic growth factors have been
used to mobilize PBSC including G-CSF, granulocyte
macrophage colony-stimulating factor (GM-CSF),
interleukin-3 (IL-3), and SCF. Currently, G-CSF is the
most commonly used agent to mobilize PBSC because
of its potency and lack of serious toxicity. There are sev-
eral common features observed during mobilization
with hematopoietic growth factors.16 First, mobilization
kinetics are similar, with peak levels of circulating HPCs
generally achieved after 5–10 days of growth factor.

Second, a broad spectrum of HPCs is mobilized, includ-
ing pluripotential, and committed myeloid, megakary-
ocytic, and erythroid progenitors. Third, the increase in
circulating HPCs is associated with decreased numbers
of HPCs in BM. And finally, mobilized HPCs have char-
acteristic phenotypic features distinct from those of
HPCs that reside in the BM under steady-state condi-
tions. Relative to BM, a higher percentage of mobilized
PBSC are in the G0 or G1 phase of cell cycle, and the
expression of VLA-4 and c-kit on their surfaces is
reduced. A recent study showed that HPCs are selec-
tively mobilized after the M phase of cell cycle thus
providing a potential explanation for preponderance of
HPCs in the G0 or G1 phase of the cell cycle in blood.

The mechanism by which growth factors mobilize
PBSC is not clearly understood. Recent animal studies
have provided some insight into stem cell trafficking
in the BM and the role of adhesion molecules in HPC
mobilization.16–18 The model of HPC mobilization by
G-CSF is shown in Figure 94.2. 

G-CSF
G-CSF stimulates neutrophil granulopoiesis in a dose-
dependent manner. The level of PB progenitor cells
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Figure 94.2 Model of hematopoietic progenitor cell mobi-
lization by granulocyte colony-stimulating factor. In this
model, G-CSF-induced HPC mobilization occurs in two
steps. In the first step, G-CSF activates a target cell popula-
tion (as yet undefined). The second step is the generation of
secondary signals by these activated cells, leading in turn to
HPC mobilization. Potential secondary signals include pro-
tease release by activated cells and the modulation of 
stromal-derived factor-1 (SDF-1) expression in the BM.
(From Thomas et al.16, used with permission.)



increase from 40- to 80-fold after 4–5 days of G-CSF and
returns to baseline value within 4–6 days after cessation
of G-CSF. Sheridan et al.19 were the first to report that
hematopoietic reconstitution can be accomplished after
G-CSF-mobilized PBSC following high-dose chemother-
apy. The time to platelet and RBC transfusion indepen-
dence was shorter with G-CSF-mobilized PBSC. Chao 
et al.20 reported the results of hematopoietic recovery in
85 patients with Hodgkin’s disease who received autol-
ogous PBSCT using PBSC collected during steady-state
or G-CSF-mobilized PBSC, with or without BM. The use
of G-CSF-mobilized PBSC resulted in a significantly
accelerated time to recovery of granulocytes (10 days vs
12 days; P � 0.01) and platelet engraftment (13 days vs
30 days; P � 0.001).

Two randomized studies have also shown the benefits
of G-CSF-mobilized PBSC compared to autologous BM
after high-dose therapy. Fifty-eight patients with heavily
pretreated Hodgkin’s and non-Hodgkin’s lymphoma
(NHL) were randomized to receive either G-CSF-mobi-
lized PBSC or autologous BM.21 All patients received G-
CSF after transplant. Patients who received G-CSF-mobi-
lized PBSC had faster engraftment of both absolute
neutrophit count (ANC) � 0.5 � 109/L (11 days vs 14
days; P 
 0.005) and platelet recovery more or equal to
20 � 109/L (16 days vs 23 days; P 
 0.02). Similar results
were reported by Hartman et al.8 in a larger randomized
study of 129 patients with solid tumor and lymphomas.
In addition, a cost analysis showed that the total cost
was decreased by 17% in adults and 29% in children
receiving PBSC transplantation.

The doses of G-CSF used for mobilization are also
important and several studies have shown that using
higher doses of G-CSF results in a higher number of
CD34�, or CFU-GM yield and a lesser number of collec-
tions. Nademanee et al.22 showed a dose-response effect
for G-CSF, with a sevenfold increase in the number of
CD34� cells in the PB over the baseline value for 5 	g/kg
perday and 28 times for 10 	g/kg per day. Similarly, there
were 10- and 17-fold increases in CFU-GM over baseline
for 5	g/kg per day and 10 	g/kg per day of G-CSF, respec-
tively. Weaver et al.23 conducted randomized studies to
evaluate different doses of G-CSF, 10, 20, 30, or 40 	g/kg
per day on yields of CD 34�cells in patients with breast
cancer. The median number of CD34� cells collected after
10 	g/kg per day was 0.7 � 106/kg per apheresis (range
0.1–4.4) as compared to 1.2 (range 0.1–6.8) after 30 	g/kg
per day (P 
 0.04). Patients receiving 10 	g/kg had lower
yields of CD34� cells and had a 3.3-fold increase in the
probability of not achieving more or equal to 5.0 � 106

CD34� cells per kg as compared to patients receiving
20–40 	g/kg. These data suggest that doses of G-CSF � 10
	g/kg per day mobilize more CD34� cells and may be use-
ful when high numbers of CD34� cells are desired.

GM-CSF
GM-CSF is a multilineage CSF because it stimulates the
proliferation and differentiation of HPCs into neu-

trophil, eosinophil, and monocyte colonies. GM-CSF
functions in conjunction with other cytokines, ery-
thropoietin and IL-3, to promote the proliferation and
differentiation of erythroid and megakaryocytic prog-
enitors, respectively. Administration of GM-CSF not
only increases the number of monocytes but also
increases the function of monocytes and macrophages
including oxidative metabolism, cytotoxicity, and Fc-
dependent phagocytosis. GM-CSF enhances dendritic
cell maturation, proliferation, and migration.24 The
ability of GM-CSF to mobilize PBSC was first reported
by Socinski et al.25 in 13 patients with sarcoma. After
4–7 days of GM-CSF at doses of 4–64 	g/kg per day by
continuous infusion, they found an 18-fold increase in
peripheral blood CFU-GM and an eightfold increase in
erythroid burst-colony forming units (BFU-E). Haas 
et al.26 observed an 8.5-fold increase in the number of
circulating CFU-GM using a continuous infusion of GM-
CSF at 250 	g/m2 per day. A total of six aphereses were
performed and the median number of MNC and CFU-
GM collected was 36 � 109 and 209 � 104, respectively. 

The efficacy of GM-CSF for stem cell mobilization
has been compared with G-CSF in both normal donors
and in cancer patients. Peters et al.27 suggested that
GM-CSF is less efficacious than G-CSF in mobilization
and found that the total numbers of CD 34�, CD 33�,
and CD7� cells collected per kg were higher in G-CSF
mobilization than with GM-CSF. Weisdorf et al.28

found no significant advantage for either drug as mobi-
lizing agents for PBSC used for autologous transplant in
lymphoma patients. Lane et al.29 evaluated the PBSC
mobilization efficacy of G-CSF at 10 	g/kg per day (n 


8), GM-CSF 10 	g/kg per day (n 
 5), or GM plus G-CSF
each at 5 	g/kg per day (n 
 5) in normal donors. The
median CD34� cell yield with the combination regi-
men and with G-CSF was significantly higher than
with GM-CSF alone. It is widely accepted that as a sin-
gle agent, G-CSF mobilizes more CD34� cells than does
GM-CSF.

G-CSF/GM-CSF
Since the two growth factors mobilize different cells,
concurrent or sequential administration of these
growth factors may be synergistic. Spitzer et al.30 con-
ducted a randomized study comparing G-CSF plus 
GM-CSF each at 5 	g/kg per day with G-CSF 10 	g/kg
per day for stem cell mobilization in 50 patients with
lymphoma and solid tumors. There were no statisti-
cally significant differences in either the CD34� cell yield
or the rate of hematopoietic recovery between the two
groups. Winter et al.31 conducted a phase I/II study of
combined G-CSF and GM-CSF either sequential, G-CSF
followed by GM-CSF or GM-CSF followed by G-CSF, or
concurrent G-CSF/GM-CSF for mobilization of PBSC.
The administration of G-CSF to patients already receiv-
ing GM-CSF results in 80-fold increase in HPC over the
baseline; however, the addition of GM-CSF to G-CSF was
less effective. 
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G-CSF/SCF
SCF is an early acting hematopoietic factor that dis-
plays pronounced synergies with other hematopoietic
growth factors such as GM-CSF, G-CSF, erythropoietin,
IL-3, and IL-6 to stimulate proliferation of erythroid,
megakaryocytic, granulocytic, and mast and basophil
progenitor cells. The SCF receptor (c-kit) is present on
many tissues of neuroectodermal, epithelial, and
hematopoietic origin. 

In patients with stage II/III breast cancer with no pre-
vious chemotherapy, Glaspy et al.32 showed that the
leukapheresis yield was 70% higher for those receiving
SCF 10 	g/kg perday concomitantly with G-CSF than
those receiving G-CSF alone. The combination of SCF�G-
CSF has also been shown to be effective in patients with
breast cancer with previous chemotherapy and those
with heavily pretreated lymphoma. Moskowitz et al.33

conducted a phase I/II randomized trial of SCF (5, 10, 15,
or 20 	g/kg per day) plus G-CSF 10 	g/kg per day, or G-
CSF 10 	g/kg per day alone to mobilize PBSC in NHL
patients. The combination of SCF�G-CSF was better
than G-CSF alone for patients who had received exten-
sive prior therapy. Similar results were reported by Stiff et
al.34 in another randomized study using SCF 20 	g/kg
per day plus G-CSF 10 	g/kg per day versus G-CSF 10
	g/kg per day in 102 heavily pretreated patients with
Hodgkin’s disease and NHL. Compared with the G-CSF
alone group, the SCF�G-CSF group showed an increase
in the proportion of patients reaching the target yield
within five leukaphereses (44% vs 17%; P 
 0.002):
reduction in the number of leukaphereses required to
reach the target yield, increase in the median yield of
CD34� cells per leukapheresis (0.73 � 106/kg vs 0.48 �
106/kg; P 
 0.04), and an increase in the median total
CD34� cells collected within five leukaphereses (3.6 �

106/kg vs 2.4 � 106/kg; P 
 0.05). These results suggest
that SCF plus G-CSF was more effective than G-CSF
alone for mobilizing PBSC in heavily pretreated patients.
However, SCF administration can be associated with
anaphylactic reactions due to mast cell-mediated reac-
tions. Therefore, premedication with ranitidine,
albuterol, and either diphenhydramine or cetirizine are
required. Due to the high incidence of allergic reactions
and the need for observation after administration SCF is
difficult to use in standard clinical practice. SCF is not
commercially available in the United States.

G-CSF/recombinant human thrombopoietin
Thrombopoietin (TPO) is a naturally occurring glyco-
sylated peptide growth factor and the primary regula-
tor of megakaryocytopoiesis. In preclinical models,
TPO has been shown to accelerate the reconstitution
of BM CD34� cells and to increase the number of cir-
culating PB progenitor cells after a mid-lethal dose of
total body irradiation. TPO has also been shown to
enhance proliferation of early progenitor cells com-
mitted to the erythroid and myelomonocytic lineage.
Results from phase I studies of recombinant human

TPO (rhTPO) in the myelosuppressive and myeloabla-
tive settings indicate that rhTPO, alone and combined
with chemotherapy and G-CSF, increases the number
of progenitor and CD34� cells in the PB.35 Linker
et al.36 conducted a randomized, double-blind, multi-
center trial in 134 patients to evaluate the efficacy of
rhTPO for mobilization and reconstitution after high-
dose chemotherapy and PBSCT. For the mobilization
phase, patients received study drug at a dose of 0.5
	g/kg, or 15 	g/kg, or placebo given intravenously on
days 1, 3. and 5 before initiation of G-CSF 10	g/kg per
day on day 5 and leukapheresis starting on day 9. After
high-dose chemotherapy and PBSCT, patients were
randomly assigned to receive rhTPO 1.5 	g/kg on day
0, �2, �4, and �6 with either G-CSF 5 	g/kg per day or
GM-CSF 250	g/m2 per day, or placebo plus G-CSF 
5 	g/kg per day. Administration of rhTPO followed by
G-CSF produced a nearly twofold increase in median
CD34� cell dose per leukapheresis with a higher
CD34� cell yield when rhTPO started before day 5.
Comparing rhTPO to placebo, a higher percentage of
patients achieved the minimum yield of CD34� cell
more or equal to 2 � 106/kg (92% vs 75%; P 
 0.050)
as well as the target yield of more or equal to 5 � 106

CD34� /kg (79% vs 46%; P 
 0.011). rhTPO also signif-
icantly reduced the median number of aphereses
required to achieve both a minimum graft (one rhTPO
vs two placebo) and a target graft (two rhTPO vs four
placebo). However, rhTPO given after transplantation
did not enhance platelet recovery. None of the
patients developed neutralizing antibodies that cross-
react with endogenous TPO. These results suggest that
rhTPO is safe and effective in enhancing mobilization
and increasing leukapheresis efficiency.

CHEMOTHERAPY PLUS GROWTH FACTORS 
FOR STEM CELL MOBILIZATION
Although chemotherapy alone can produce increases in
progenitors in PB, multiple phase II studies have shown
that the addition of growth factors such as G-CSF and
GM-CSF to myelosuppressive chemotherapy enhances
mobilization and allows for more progenitors to be col-
lected with fewer apheresis procedures while reducing
myelotoxicity. Siena et al.37 reported that after high-
dose CY, an approximately 30-fold expansion of CFU-
GM numbers was observed. This increase was further
magnified, to over 100 times control values, when GM-
CSF was given to accelerate post-CY hematopoietic
recovery. These precursors were both increased in num-
ber and enriched in the more immature forms. In addi-
tion, there was an increase of the most immature
CD34� /CD33– progenitors to multipotent and unipo-
tent colony-forming cells (CD34� /CD33�) in PB. In a
randomized cross-over trial reported by Koc et al.,38

high-dose CY plus G-CSF results in mobilization of
more progenitors than GM-CSF plus G-CSF when tested
in the same patient regardless of whether CY�GCSF was
given as the first or second mobilizing strategy. 
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The magnitude of the increase in circulating stem cells
is related to the intensity of myelosuppressive chemother-
apy used. Cyclophosphamide at doses of 1.5, 4, or 7 g/m2

and G-CSF or GM-CSF are effective in mobilizing PBSC;
however higher stem-cell yields were obtained with
higher doses of CY (7 g/m2).39 When G-CSF was adminis-
tered from the day after CY, white blood cell (WBC)
decreased reaching a nadir around day 7 or 8 followed by
an abrupt increase in WBC and PB CD34� cell counts.
Peak circulating CD34� cells and progenitors were seen
on approximately day 9 or 10. PBSC collection usually
begins on day 10 or when WBC � 1 � 109/L.

While high-dose CY followed by GM-CSF or G-CSF is
the most frequently chemotherapy/growth factor mobi-
lization regimen, it has several limitations, including
potential cardiotoxicity, hemorrhagic cystitis, nausea,
and vomiting. Several investigators have reported the
effectiveness of high-dose etoposide (2 g/m2) with GM-
CSF or G-CSF as a mobilizing strategy.40 It  is associated
with minimal nonhematologic toxicity and has antitu-
mor activity. Several other combination chemotherapy
regimens are also effective for stem cell mobilization.
Studies suggest that the combination of CY � etoposide,
or CY � Taxol or CY� etoposide � cisplatin are more
effective than CY alone.

The dose and type of growth factor utilized with
chemotherapy may also be important. Although GM-
CSF was the first cytokine to enhance PBSC mobiliza-
tion by chemotherapy, it is now less commonly used
than G-CSF, probably because of side effects such as
fever and hypoxemia. The dose of G-CSF used with
chemotherapy is lower than when used alone for stem
cell mobilization (10–24 	g/kg per day). A higher dose
of G-CSF 16 	g/kg per day rather than a lower dose of 
8 	g/kg per day was more effective in patients with a
variety of malignancies. In a randomized trial reported
by Weaver et al.,41 G-CSF or GM-CSF followed by G-CSF
after mobilizing chemotherapy was more effective in
patients with solid tumors and hematologic malignan-
cies than GM-CSF. In contrast, for patients with NHL,
GM-CSF followed by G-CSF permitted more efficient
collection of a target number of CD34� cells than did
GM-CSF, while G-CSF was the least efficient of the three
cytokine strategies. 

It is difficult to conclude which combination of
chemotherapy and growth factor is the optimal regi-
men given the heterogeneity of patient population,
the different mobilizing chemotherapy regimens, and
the different cytokines used. Moreover, there is no
difference in time to recovery of neutrophils and
platelets among patients transplanted with PBSC
mobilized by different techniques as long as a mini-
mum number of CD34� cells/kg is given. In general,
chemotherapeutic agents that are effective for under-
lying malignancies should be used for pretransplant
cytoreduction as well as PBSC mobilization.42 Agents
that are known to damage stem cells such as melpha-
lan should be avoided.

NEW STRATEGY FOR PBSC MOBILIZATION

AMD 3100
AMD 3100 is a selective antagonist of the chemokine
receptor CXCR4, which is present on WBCs. AMD
3100 also reversibly blocks the binding of CXCR4 with
SDF-1. In a phase I study, it was noted that AMD 3100
induced leucocytosis. Broxmeyer et al. demonstrated a
40-fold increase in the mobilization of hematopoietic
progenitors within 1 h of AMD 3100 injection in
mice.43 Results from a phase-I study in 10 healthy vol-
unteers44 and 13 patients with multiple myeloma or
NHL45 demonstrated that AMD 3100 rapidly mobi-
lized PBSC. The absolute CD34� cell count increased
from 2.6/	L to 15.6/	L, and 16.2/	L at 4 h and 6 h,
respectively, after AMD 3100 administration. Recent
studies confirm that AMD 3100 and G-CSF are syner-
gistic. Injection of AMD 3100 given on the fifth day of
G-CSF resulted in a striking 50-fold increase in the
number of circulating CD34� cells. In addition, PBSC
mobilized by AMD 3100 have a higher repopulation
potential in human-mouse xenografts than 
G-CSF-mobilized PBSC. Liles et al.46 recently demon-
strated that a 240 	g/kg injection of AMD 3100 followed
the same day of a single large volume leukapheresis
yielded a mean of 3.1 � 106 CD34� cells/kg. Based on
these results, AMD 3100 may not only be effective for
the rapid mobilization of CD34� cells in patients who
have received chemotherapy, but also for mobilization
of normal volunteer donors.

OPTIMAL TIME FOR PBSC COLLECTION

The timing of PBSC collection is important in order to
maximize the number of progenitors harvested. Using
growth factor alone for mobilization, apheresis is usu-
ally performed on days 5, 6, and 7 of G-CSF adminis-
tration. Progenitor cell levels start to decrease after day
8 even with continuation of G-CSF. Following
chemotherapy mobilization, it is recommended to
start PBSC collection at 12–14 days after chemother-
apy when WBC �1 � 109/L.47 For chemotherapy �

growth factor mobilization, apheresis usually starts
when the WBC reaches 2–5 � 109/L. However, some
studies suggest that a delay in PBSC collection until
WBC �10 � 109/L may be more optimal. A strong lin-
ear relationship between the number of CFU-GM and
CD34� cells in both the leukaphresis product and PB
on the day of collection has been well established.
Several studies have shown that the number of circu-
lating CD34� cells predicts the extent of PBSC collec-
tion and may be used to anticipate or delay leuka-
pheresis, as well as to shorten or extend the duration
of procedure. At present CD34�cells measurement is
preferable since it is a more direct measurement of
progenitor cells, and it should be used to guide stem
cell collection.48
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TARGET AND THRESHOLD

In most studies, 20 � 104 CFU-GM/kg or 2 � 106 CD34�

cells/kg is generally accepted as the minimum threshold
below which rapid hematopoietic reconstitution may
not occur. In a study reported by Bensinger et al.,49

patients receiving more than 2.5 � 106 CD34�cells/kg
had more rapid neutrophil and platelet recovery than
patients who received less than that. However, compar-
ing patients who received more than 5 � 106 CD34�

cells/kg to those receiving 2.5–5 � 106 CD34� cells/kg,
there was no difference in neutrophil engraftment but
there was more rapid recovery of platelets. They also
found that very high level of CD34� cells (�10 � 106

CD34� cells/kg) did not result in a significant faster
recovery of either neutrophils or platelets. Kiss et al.50

showed that patients who received more or equal to 5 �
106 CD34� cells/kg were found to have statistically sig-
nificantly faster neutrophil recovery (median 10 days vs
11 days; P 
 0.002) and platelet recovery (median 9 days
vs 21 days; P 
 0.004) than those receiving less than that.
Based on these studies, a minimum cell dose of 2.5 � 106

CD34� cells/kg may be sufficient to ensure rapid recov-
ery of neutrophils and platelet; the optimal transplant
cell dose of 5 � 106 CD34� cells/kg is recommended.

Previous chemotherapy is also an important factor
in determining a threshold of CD34� cells for rapid
engraftment. Tricot et al.51 analyzed 225 patients
receiving autologous PBSC transplants for multiple
myeloma and found that the minimum CD34� cell
threshold was more or equal to 2 � 106 cells/kg for
patients receiving less than 6 months of melphalan,
but more than 5 � 106 CD34� cells/kg were required
for patients who received more than 12 months of
melphalan.

FACTORS AFFECTING PBSC COLLECTION

Several factors have been shown to be significant deter-
minants of progenitor cell yield including the amount
of previous chemotherapy, the number of cycles, the
degree of BM involvement, previous wide-field radia-
tion, the interval between previous chemotherapy and
mobilization, and exposure to stem cell toxic drugs.52,53

These factors are indicators of hematopoietic reserve.
Haas et al.54 found that previous cytotoxic chemother-
apy and radiotherapy adversely affected the yield of
CD34� cells with each cycle of chemotherapy associ-
ated with an average decrease of 0.2 � 106 CD34�

cells/kg per apheresis in nonirradiated patients, and
large field radiotherapy reduced the collection yields by
an average of 1.8 � 106 CD34� cells/kg.  Glaspy et al.32

reported that frequency of previous chemotherapy,
even with regimens that are not considered stem cell
toxin, can decrease the number of CD34� cells har-
vested in patients with breast cancer. Tricot et al.51

found a correlation between duration of exposure to pre-
vious chemotherapy, especially alkylating agents, and
mobilization yield in patients with multiple myeloma.
They reported that 91% of patients with exposure of less
than 6 months reach  more than 5 � 106 CD34� cells/kg
as compared to only 28% of patients with exposure
more than 24 months. Dreger et al.55 reported that prior
exposure to stem cell toxic agents such as Carmustine
(BCNU) and melphalan was associated with poor stem
cell yield. Fludarabine treatment was proven to be associ-
ated with poor PBSC mobilization56 as well as other stem
cell toxic agents such as nitrogen mustard, procarbazine,
or more than 7.5 g of cytarabine chemotherapy.57

Some investigators found that measurement of BM
CFU-GM and CD34� cells during steady-state can be
used to predict for PBSC mobilization. Kotasek et al.15

reported a higher premobilization BM CFU-GM level
immediately before CY mobilization predicts for suc-
cessful collection of CFU-GM. Other investigators have
shown that a lower CD34� cell percentage (�2.5%) of
the BM products before PBSC mobilization predicts for
suboptimal PBSC collection.58 Low platelet counts on
the first day of stem cell collection59 and low numbers
of circulating natural killer (CD3–16�56�) cells60 prior
to administration of mobilization therapy have pre-
dicted for poor mobilization. Gazitt et al.61 evaluated
expression of adhesion molecules on CD34� cell in PB
of NHL patients and found that good mobilizers had a
relatively higher percentage of CD34� cells expressing
the VLA-4 antigen.

MOBILIZATION OF TUMOR CELLS 
AND ITS CLINICAL SIGNIFICANCE

Several studies have shown that tumor cells could be
mobilized in PB after chemotherapy and G-CSF.62

Circulating tumor cells may be present in patients with
certain malignancies regardless of marrow involve-
ment. The presence of these cells in circulation appears
to correlate with disease activity and stage. The possi-
bility of infusing cancer cells into patients at the
time of PBSC transplant is known to occur 
in breast cancer, lymphoma, multiple myeloma
(MM), and leukemia. However, the biologic signifi-
cance of infusing PBSC contaminated with tumor cells
remains uncertain. Gene-marking studies and retro-
spective clinical trials have demonstrated that contam-
inating tumor cells can contribute to disease recurrence
after high-dose therapy and autologous PBSCT.63

However, other investigators found no increase in the
incidence of relapse following high-dose therapy and
infusing of tumor contaminated PBSCs.64 A 3 to 5-log
reduction in malignant contamination in the PBSC can
be achieved by CD34� cell selection.65 However, phase
III randomized study showed no improvement in dis-
ease-free and overall survival with CD34� cell selec-
tion.66 In addition, delay at engraftment and an increase
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95Chapter 95
STEM CELL TRANSPLANTATION
FOR SOLID TUMORS AND 
NONMALIGNANT CONDITIONS
E. Randolph Broun

INTRODUCTION

The use of high-dose chemotherapy (HDC) with stem
cell rescue has found utility in a number of settings.
Clearly for some diseases (i.e., relapsed intermediate-
grade non-Hodgkin’s lymphoma) this represents the
best available therapy and is the standard of care.
This determination was made as a result of carefully
designed clinical trials showing a clear advantage to
this approach over conventional-dose chemotherapy
in a randomized fashion. In other diseases (such as
germ cell cancer), the incidence of the disease is such
that large randomized trials are not easily performed;
yet well-designed trials have demonstrated the supe-
riority of this approach in comparison to conven-
tional-dose chemotherapy. There are other diseases
(such as breast cancer and ovarian cancer) in which
early enthusiasm has been tempered by the results
of randomized trials failing to show any advantage
for high-dose chemotherapy. Finally, there are a
number of diseases (amyloidosis, renal cell cancer,
melanoma, and others) in which the value of high-
dose therapy with either autologous or allogeneic
stem cell transplant is undetermined. This chapter
will review the state of the art in high-dose therapy
with stem cell rescue for solid tumors and a variety of
other disorders.

BREAST CANCER

The prognosis of patients with advanced breast cancer,
either high-risk or metastatic disease, remains poor.
The majority of patients with high-risk primary breast
cancer, defined by extensive axillary nodal involve-
ment or inflammatory carcinoma, experience relapse
after multimodality therapy including surgery, adju-
vant chemotherapy, and radiotherapy (RT). Metastatic
breast cancer (MBC) remains incurable.

Given this situation, the early enthusiasm for the use
of high-dose therapy with stem cell or bone marrow
(BM) rescue was not surprising.1 Phase II studies in both
high-risk and MBC yielded results that seemed superior
to those obtained with standard-dose chemotherapy.

HDC FOR MBC
Phase II studies
Initial trials of high-dose therapy in MBC targeted
patients with refractory,2,3 untreated,4 and responding
disease.5–8 It soon became clear that high-dose therapy
produced high complete remission (CR) rates and a
consistent long-term event-free survival (EFS) rate of
10–25% in patients transplanted after response to first-
line chemotherapy.9 Outcome after tandem cycles of
the same HDC regimen appears comparable to a single
HDC cycle.10–14

Retrospective analyses identified attainment of a
CR to pretransplant induction chemotherapy and
low tumor burden as the two most important inde-
pendent prognostic factors of favorable outcome after
HDC, whereas liver involvement and extensive prior
chemotherapy exerted an adverse effect.15 This infor-
mation was utilized to design a trial to test whether
patients with low tumor burden might benefit from
high-dose therapy. Sixty patients who were rendered
disease free by local treatment, either by pretrans-
plant surgery or posttransplant RT, were enrolled in a
study of high-dose cyclophosphamide/cisplatin/BCNU
(carmustine) with stem cell rescue. At a median follow-
up of 5 years, the EFS and overall survival (OS) rates
were 52 and 62%, respectively.16 In conclusion, these
early phase II trials demonstrated impressive results
in patients for whom the outlook was otherwise quite
poor.

Randomized trials in MBC
Eight randomized trials of HDC in MBC have been
reported to date. Of these, six have compared high-dose
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therapy to conventional-dose chemotherapy, and two
have evaluated the timing of high-dose therapy: early
versus late.

Stadtmauer et al.17 compared a single cycle of high-
dose therapy to maintenance conventional-dose
chemotherapy in 184 patients responding to a long
course of conventional-dose chemotherapy. At a
median follow-up of 67 months, an intent-to-treat
analysis showed no differences between the two arms
in EFS (4% vs 3%) or OS (14% vs 13%). Surprisingly,
the partial remission (PR) to CR conversion rate, while
small, was higher in the maintenance conventional-
dose chemotherapy arm than in the HDC arm (9% vs
6%). This trial has been widely criticized because of its
45% dropout rate.

Using a similar approach, a group of Canadian
investigators randomized 224 patients with chemore-
sponsive MBC to receive either additional conven-
tional-dose chemotherapy or a single cycle of high-
dose therapy with conventional-dose chemotherapy.
In its first intent-to-treat analysis at a median follow-
up of 19 months, significant differences in favor of
HDC were observed in EFS (38% vs 24%, P 
 0.01), but
not OS (median 2 vs 2.3 years, P 
 0.9). This trial suf-
fered high attrition (21%) and transplant-related mor-
tality (TRM) (7.7%) rates in the transplant arm.18

In the French National PEGASE-03 study, Biron et
al.19 randomized 180 responding patients to one cycle of
high-dose therapy with conventional-dose chemother-
apy or observation. High-dose therapy was well toler-
ated, with a TRM of 1% and an increase in the CR rate
from 11 to 24% (P 
 0.0002). Interestingly, in this study
with a median follow-up of 48 months, there was a sig-
nificant improvement in EFS in favor of high-dose ther-
apy (27% vs 10%, P 
 0.0005).

Crown et al.20 looked at initial therapy with tandem
high-dose therapy compared with conventional-dose
doxorubicin/docetaxel followed by maintenance
chemotherapy in 110 patients with MBC. The
response rate on the high-dose arm was significantly
better, with overall response (71% vs 29%) and CR
rates (44% vs 6%) better than the control arm. Using
EFS as the primary endpoint, the high-dose arm was
superior (16% vs 9%, P 
 0.01) at a median follow-up
of 42 months.

Following a similar design, Schmid et al.21 com-
pared two sequential cycles of high-dose therapy to six
to nine cycles of another modern conventional-dose
chemotherapy regimen of doxorubicin and paclitaxel
in 92 untreated patients. The CR rate and EFS were sig-
nificantly superior in the transplant arm, without sig-
nificant differences in OS at a follow-up of 14 months.

In the other French trial, Lotz et al.22 randomized 61
responding MBC patients to additional conventional-
dose chemotherapy or one HDC cycle. The apparently
large differences seen in favor of the transplant arm in
EFS (median 35 months vs 20 months) and OS
(median 43 months vs 20 months, with 5-year OS rates

30% vs 18%) did not reach statistical significance in
this study.

Finally, investigators at Duke University conducted
two small trials with a crossover design, comparing
early versus late use of HDC in MBC patients in CR,23

and with bone-only disease,24 respectively. In those
studies, patients were randomized to immediate HDC
with one cycle of cyclophosphamide/cisplatin/BCNU
or observation, with the same HDC offered to patients
in the control arm upon relapse or progression. In
both trials the immediate transplant arm had signifi-
cantly superior EFS (25% vs 10%, and 17% vs 9%,
respectively) with no significant benefit in OS, com-
pared to late transplant (33% vs 38%, and 28% vs 22%,
respectively).

In summary, eight randomized trials in MBC,
enrolling 1020 patients, have been reported. None are
particularly large with half enrolling 100 or fewer
patients. EFS differences in favor of high-dose therapy
were seen in seven of those eight trials,18–24 with the
only exception being the Philadelphia study.17 Longer
follow-up is needed to see if the EFS advantage trans-
lates into an OS benefit.

HIGH-DOSE THERAPY FOR HIGH-RISK BREAST CANCER
Phase II studies
The use of high-dose therapy with, initially, BM and,
later, Peripheral blood progenitor cell(s) (PBPC) rescue
was first explored and reported by Peters et al.25 at
Duke University and by Gianni et al.26 at Milan. Each
reported results that appeared superior to outcomes
after conventional-dose chemotherapy using similar
patient selection criteria. Specifically, Peters et al.
reported a 72% 5-year EFS in a prospective phase II
trial of high-dose cyclophosphamide/cisplatin/BCNU
in patients with 10 or more positive axillary nodes.
These results have stood the scrutiny of time, with
61% EFS rate at 11-year follow-up.27 Gianni et al.26

used a sequential high-dose single-agent regimen in
this patient population. At a median follow-up of 4
years, the observed EFS rate was 57%.

Randomized trials in high-risk breast cancer
Rodenhuis et al.28 randomized 885 patients with four
or more involved lymph nodes to receive four cycles of
conventional-dose chemotherapy followed by one more
cycle of conventional-dose chemotherapy or one cycle
of HDC. At a median follow-up of 57 months, there was
a trend for an EFS advantage in favor of high-dose
therapy (65% vs 59%, P 
 0.09), with no significant OS
differences. The EFS of those patients randomized to
high-dose therapy who were actually transplanted
appeared superior to those in the control arm (P 
 0.03).
Prospectively planned subset analysis showed that high-
dose therapy improved EFS among patients with 10 or
more involved nodes (68% vs 49%, P 
 0.05).

In the Cancer and Leukemia Group B (CALGB)
9082 trial, Peters et al.29 randomized 785 patients with
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10 or more positive nodes to receive four conven-
tional-dose chemotherapy cycles followed by one
cycle of cyclophosphamide/cisplatin/BCNU or by one
additional cycle of those drugs at intermediate doses
with granulocyte colony-stimulating factor support.
Twenty-five patients who relapsed on the intermedi-
ate-dose arm (15%) received subsequent salvage high-
dose therapy. At a median follow-up of 5 years, the
intent-to-treat EFS (61% vs 60%, P 
 0.5) and OS rates
(70% vs 72%, P 
 0.2) were similar in the high- and
intermediate-dose arms. There were fewer relapses in
the transplant arm (32% vs 43%), which represented a
31% relative reduction in the incidence of relapses.
Unfortunately, the high 10% treatment-related mor-
tality rate observed in the high-dose arm of this trial
(versus 0% in the other arm) offset the decrease in
recurrences.

The Eastern Cooperative Oncology Group (ECOG)
randomized 540 patients with 10 or more involved
nodes to receive six cycles of conventional-dose
chemotherapy with or without consolidation with one
cycle of high-dose cyclophosphamide/thiotepa with
BM support and, towards the end of the study, with
PBPC support. With a median follow-up of 6.1 years,
there was no significant difference between the high-
dose and conventional-dose chemotherapy arms in EFS
(55% vs 48%, P 
 0.1) or OS (58% vs 62%, P 
 0.3).30

In the Anglo-Celtic trial, Crown et al.31 randomized
605 patients with four or more positive nodes to
receive conventional-dose chemotherapy followed by
one high-dose therapy cycle or maintenance conven-
tional-dose chemotherapy. At a median follow-up of 4
years, the first planned analysis did not reveal differ-
ences in EFS (51% vs 54%, P 
 0.6) or OS (63% vs 62%,
P 
 0.8).

Nitz et al.32 enrolled 403 patients with 10 or more
positive nodes to receive a modern dose-dense regi-
men or two sequential cycles of high-dose therapy
with PBPC support. At a median follow-up of 39
months, there was superiority of the transplant arm
in EFS (62% vs 48%, P 
 0.001) and OS (75.6% vs 66%,
P 
 0.05).

In a French trial, Roch et al.33 randomized 314
patients to receive conventional-dose chemotherapy
followed by one cycle of high-dose therapy or obser-
vation. At a median follow-up of 33 months, there
was an EFS benefit in favor of high-dose therapy in
EFS (71% vs 55%, P 
 0.002), but not OS (84% vs 85%,
P 
 0.3).

In summary, review of these randomized studies
presents a conflicting picture. A common theme is rel-
atively short follow-up. While there are several nega-
tive trials after fairly long follow-up,29,30,34,35 other
studies have already shown superiority of transplant in
their first analyses,32,33 or suggested a nonsignificant
trend in favor of transplant.28,36 Unfortunately the sit-
uation in high-risk breast cancer is similar to that in
metastatic disease, with further follow-up needed to

see if the consistent advantage in EFS translates into an
improvement in OS.

OVARIAN CARCINOMA

Major improvements are needed in the treatment of
advanced ovarian cancer. While the introduction of, ini-
tially, cisplatin and, later, taxanes has improved the out-
come of these patients, less than 25% of stage III patients
achieve long-term disease-free survival (DFS) with cur-
rent multimodal management, including debulking
surgery and conventional-dose chemotherapy. For
patients with relapsed disease, salvage conventional-
dose chemotherapy is not curative. Stage IV patients
have a 5-year survival of less than 5%.

HDC FOR RECURRENT DISEASE
The largest single-center experience is that reported by
Stiff et al. from Loyola University.37 This group
reported on 100 patients, most with heavily pre-
treated, platinum-refractory, bulky disease. Patients
were treated with a carboplatin- or melphalan-based
high-dose regimen with BM or PBPC rescue. Median
EFS and OS times were 7 and 13 months, respectively.
Tumor bulk and platinum sensitivity were significant
prognostic factors with an important finding being
that the few patients with low bulk, platinum-sensitive
disease had a respectable outcome.

These results were confirmed to a retrospective
analysis of 421 patients from the Autologous Blood
and Marrow Transplant Registry (ABMTR), receiving
high-dose therapy between 1989 and 1996, in most
cases for relapsed disease. Most patients had extensive
prior chemotherapy, 41% of them had platinum-resis-
tant tumors, 38% had bulky disease, and only 8%
received transplants as part of the initial therapy. In
this poor-prognosis population, 2-year EFS and OS
rates were 12 and 35%, respectively. Younger age, good
performance status, nonclear cell histology, remission
status at transplantation, and platinum sensitivity
were associated with better outcomes.

A retrospective analysis of 254 patients from the
European Group for Blood and Marrow Transplant
(EBMT) Registry evaluated the front-line use of HDC.38

Half of them were transplanted while having residual
disease, and 40% in first CR or near CR.

Outcome was improved for those patients trans-
planted in remission compared to those with resistant
tumors, with a median EFS of 18 months versus 9
months, and median OS of 33 months versus 14
months.

The only completed randomized trial addressing
the efficacy of HDC enrolled patients with low-burden,
chemosensitive disease receiving first-line therapy.
One hundred and ten patients with tumors of less than
2 cm were randomized to second-look laparotomy after
four to six cycles of platinum-based chemotherapy,
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to receive consolidation with high-dose carboplatin/
cyclophosphamide with PBPC support, or three mainte-
nance cycles of conventional carboplatin/cyclophos-
phamide. An intent-to-treat preliminary analysis of this
study showed a significant improvement of EFS in the
transplant arm (median 22 months vs 11 months, P 


0.03). Unfortunately, a similar trial addressing this cru-
cial question, the US National Cancer Institute spon-
sored Intergroup trial, was closed prematurely due to
poor accrual.

In summary, available data from phase II trials sug-
gest that high-dose therapy offers a potential benefit for
patients with platinum-sensitive disease at the time of
remission. The only randomized trial comparing HDC
to conventional-dose chemotherapy has shown fairly
large EFS differences in favor of transplant as consolida-
tion therapy for high-risk patients. In contrast, patients
with residual disease at second-look surgery, or who
have relapsed, have a much worse outcome.

SMALL-CELL LUNG CANCER

Most patients with small-cell lung cancer (SCLC)
respond to chemotherapy, but such responses are usu-
ally of relatively short duration, and survival has not
significantly increased over the past two decades,
either in limited or in extensive disease. These discour-
aging results prompted the investigation of high-dose
chemotherapy with autologous stem cell transplant
(ASCT) in the early 1980s. Initial studies testing one or
two high-dose chemotherapy cycles as front-line ther-
apy showed no improvement in outcome compared to
historical controls.39–42 Subsequently, delayed high-
dose chemotherapy with ASCT was tested as consoli-
dation therapy for a response obtained with conven-
tional-dose chemotherapy. Spitzer et al.43 reported
4-year OS of 19% among 32 such patients with limited
disease (LD). There is only one reported randomized
trial of HDC in SCLC.44 Patients responding to induc-
tion chemotherapy were randomized to one addi-
tional cycle or to high-dose cyclophosphamide/BCNU/
etoposide with ASCT. Although patients received cranial
irradiation, no chest RT was delivered. The transplant
arm showed improved responses and EFS, but OS was
not significantly different between both groups, in
part due to a 17% TRM rate on the high-dose arm. All
patients with extensive disease (ED) relapsed in both
arms of the study.

Subsequent studies incorporated thoracic and cra-
nial RT after transplant. Elias et al.45 treated 36 LD
patients with a sequence of induction therapy, high-
dose chemotherapy with cyclophosphamide/cisplatin/
BCNU, and chest and cranial RT after hematologic
recovery. Median EFS was 21 months, with a 5-year
OS of 41%. All seven patients transplanted in partial
response to induction therapy relapsed. However, the
5-year progression-free survival (PFS) was 53% for the

29 patients transplanted in CR.Leyvraz et al.46 from the
EBMT treated 69 patients (30 with LD and 39 with ED)
with three sequential courses of high-dose chemother-
apy (ifosfamide, carboplatin, and etoposide) with ASCT
as initial therapy. RT, not required but recommended
for responders, was administered to 37 patients to the
chest, and prophylactically to the brain to 24 patients.
Predictably, patients with LD had better outcome than
those with ED, with a median OS of 18 months vs 11
months, and 2-year OS rates of 32% vs 5%.

MELANOMA

The prognosis of metastatic melanoma is dismal.
Research of HDC for this disease dates back more than
40 years.47 Early trials with high-dose single agents with
BCNU,48 melphalan,49 or thiotepa50 achieved higher
response rates than those expected with conventional-
dose chemotherapy, but of brief duration. Disease
confined to skin or lymph nodes was more likely
to respond. High-dose combinations of melphalan/
BCNU,51 cyclophosphamide/cisplatin/BCNU,52 or DTIC
(dacarbazine)/melphalan/ifosfamide53 showed higher
activity than did single-agent therapy, but no improve-
ment in outcome.

In summary, the use of HDC in melanoma remains
experimental. While HDC may provide a favorable set-
ting for testing of immunotherapy against minimal
residual melanoma,54 it is unlikely that HDC and ASCT
will play a meaningful role in the management of this
disease in the foreseeable future.

BRAIN TUMORS

Most patients with malignant brain gliomas relapse
after surgery and RT, and die within 2 years of diagno-
sis. The addition of chemotherapy offers a modest sur-
vival advantage, especially for younger patients with
anaplastic astrocytoma (AA), but virtually none to
those with high-grade glioblastoma multiforme (GM).
Standard salvage therapy is not curative. The poor out-
come of adult patients with malignant gliomas
prompted many trials in the 1980s of high-dose single-
agent BCNU, a drug with good central nervous system
(CNS) penetration.55–57 Initial trials in patients with
refractory tumors showed high response rates,
although of brief duration. High-dose BCNU was sub-
sequently moved up to first-line therapy, combined
with surgery and RT. Johnson et al. reported their
experience in 25 patients with unresectable grade III
or IV gliomas. These patients were treated with BCNU
1050 mg/m2 followed by autologous stem cell trans-
plant and cranial radiotherapy. They reported a
median survival of 26 months, significantly better
than a group of historical controls albeit with short
follow-up.58 The largest series was reported by
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Durando et al.59 in 114 newly diagnosed patients, who
were treated with surgery, high-dose BCNU, and RT. At
a median follow-up of more than 7 years, the EFS and
OS rates were 14 and 24%, respectively. Extent of prior
surgery, histology (median OS of 12 months for GM vs
81 months for AA), and young age were predictive of
outcome. These observations are consistent with those
from nonconcurrent matched-pair comparisons, which
did not suggest benefit from high-dose BCNU in
patients with high-grade GM.60

In summary, available results of HDC in adult
patients with high-grade GM, largely employing high-
dose single-agent BCNU, do not appear to improve
outcome compared to conventional therapy. Further
research may identify a role of HDC, in the setting of
multimodal treatment, for young patients with AA.

ADULT SOFT-TISSUE SARCOMA

Small series of metastatic soft-tissue sarcoma patients
treated with high-dose chemotherapy have been
reported. When used as initial61 or salvage therapy for
refractory disease,62 high-dose chemotherapy has not
produced a clear survival benefit. However, results
appeared improved when used as consolidation after
induction conventional-dose chemotherapy, particu-
larly for patients transplanted in CR. Blay et al.63

treated 30 patients with responsive metastatic disease
with high-dose ifosfamide, etoposide, and cisplatin. At
a median follow-up of 94 months, the EFS and OS rates
were 21 and 23%, respectively. Those patients in CR
before high-dose chemotherapy had a better outcome
than those in PR (5-year OS 75% vs 5%).

ADULT SMALL ROUND-CELL TUMORS

The family of small round-cell tumors includes Ewing’s
sarcomas, primitive neuroectodermal tumors (PNET),
rhabdomyosarcomas (RMS), and desmoplastic small
round-cell tumors (DSRCT). The results reported to
date from high-dose chemotherapy are generally disap-
pointing in RMS, and uniformly dismal in DSRCT.61,64

In contrast, results appear encouraging (25–50% long-
term EFS rates) in chemotherapy-sensitive high-risk or
advanced PNET/Ewing’s sarcomas.65,66 The benefit of
total body irradiation in this setting, employed in most
early studies, has been seriously questioned in recent
years.67 In contrast, melphalan appears to be an impor-
tant agent in HDC for this disease, and there is debate
as to the merits of inclusion of busulfan.68

GERM CELL CANCER

Germ cell cancer (GCT) is an uncommon malignancy
that occurs most often in young men, and accounts for

about 1% of malignancies in men. There are groups of
patients who do poorly despite the best therapeutic
efforts: some of these have poor prognostic factors at
diagnosis, such as far-advanced disease, choriocarci-
noma, or markedly elevated serum markers; others do
not achieve remission, or relapse following primary or
salvage therapy; and, finally, a few patients demon-
strate refractoriness to cisplatin. In each of these set-
tings, high-dose therapy with hematopoietic stem cell
rescue (HSCR) has been attempted, with varying
degrees of success.

The initial study was a phase I dose-escalation study,
done in collaboration with Vanderbilt University,69

which examined the use of two courses of high-dose
carboplatin and VP-16 with ABMT, in patients with
GCTs that were either cisplatin refractory (defined as
progression of disease within 4 weeks of previous cis-
platin-based therapy) or recurrent after a minimum of
two prior courses of cisplatin-based therapy. Thirty-
three patients were entered on this trial: The initial 13
patients were treated with escalating doses of carbo-
platin, to establish a maximum-tolerated dose in com-
bination with 1200 mg/m2 VP-16; the subsequent 20
patients were treated with VP-16 1200 mg/ m2 and the
phase II dose of carboplatin, 1500 mg/ m2, given in three
divided doses on days �7, �5, and �3. Toxicities seen in
the protocol were the expected severe myelosuppres-
sion, moderate enterocolitis, and stomatitis. Grade III
hepatic toxicity (more than fivefold increase in liver
enzymes), usually in association with massive infec-
tion, was observed in 8/33 patients. Significant ototox-
icity, neurotoxicity, and nephrotoxicity were not seen,
despite the heavy previous exposure to cisplatin in this
group of patients. Treatment-related mortality was
7/33 (21% ), and causes of death included infection70

and veno-occlusive disease of the liver.71 This was a
very heavily pretreated patient population, with over
one-half having received three or more prior
chemotherapy (CT) regimens, and 67% were cisplatin
refractory. Eight patients achieved a CR, and six a PR,
for an overall response rate of 44% (95% confidence
interval, 27–63%). Of these, 8/14 patients remained
alive and disease free with 18 months of follow-up. CR
could be achieved despite advanced disease or cis-
platin refractoriness. The use of high-dose carboplatin
and VP-16 can provide long-term DFS as third- or
fourth-line salvage therapy in a small percentage of
patients, and overt cisplatin resistance can occasion-
ally be overcome with this approach.

A larger phase II trial was carried out through the
ECOG, utilizing the same dose and schedule of agents
as in the phase II portion of the initial study.72 The
same eligibility criteria were used for this study. Forty
patients were entered on this multi-institution cooper-
ative group effort between July 1988 and September
1989: 22/38 (58% ) evaluable patients proceeded to the
second course of high-dose therapy. Toxicity was simi-
lar to that seen in the phase I trial, with 5/38 (13%)
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patients dying of treatment-related causes. Nine
patients (24%) achieved a CR, including two who were
rendered disease free with post-SCT surgical resection,
and eight achieved a PR, for an overall response rate of
45%. Achievement of a CR was associated with testicu-
lar, rather than extragonadal, primary (P 
 .12),
absence of liver metastases (P 
 .08), and embryonal
cell type (P 
 .11).

A striking finding in this study was the poor out-
come in patients with nonseminomatous primary
mediastinal germ cell tumors. Unfortunately. this
report mirrors the experience at other institutions.

A phase I trial, with further dose escalation of the
combination of carboplatin and VP-16, was subse-
quently carried out. Thirty-two patients were enrolled
on a careful dose-escalation schema of each of these
agents. The maximum-tolerated dose level was carbo-
platin 700 mg/m2 and VP-16 750 mg/ m2, given daily on
days �6, �5, and �4. Dose-limiting toxicity for this reg-
imen was mucositis. There were five treatment deaths:
four caused by sepsis and multiorgan failure, and one by
CNS hemorrhage. Significant ototoxicity was also seen.
These higher doses are used in the treatment of patients
in first relapse, or with limited prior therapy.73

The overall cure rate for patients with recurrent testis
cancer, treated with ifosfamide (IFX) and cisplatin-
based salvage CT, is in the range of 20–25%.74A logical
step to improve the outcome of these patients was the
use of high-dose therapy at time of first relapse. The
initial trial at Indiana University used two rounds of
conventional-dose IFX and cisplatin, with either vin-
blastine or VP-16 (depending on prior treatment), fol-
lowed by a single round of high-dose therapy with
ABMT, using carboplatin and VP-16 in the dose and
schedule used in the ECOG phase II trial. Twenty-five
patients were enrolled in this study between July 1989
and January 1992. There was one early death due to
sepsis during conventional-dose induction therapy,
and no transplant-related deaths on this study.
Eighteen of 25 patients completed the planned treat-
ment, including high-dose therapy and ABMT. With a
median follow-up of 19 months (range 4–30 months),
9/25 (36%) were alive and free of disease; three had
relapsed, and were alive with disease; and six had died
of progressive disease.75 A follow-up trial examined the
use of two cycles of high-dose therapy with HSCR in
25 patients in first relapse of cisplatin-sensitive testicu-
lar GCT. At a median follow-up of 26 months, 13/25
(52%) were alive and free of disease, and only one had
died of treatment-related causes.76

A number of conclusions can be drawn from this
series of studies. It is clear that a fraction (15–20%) of
patients with GCT, which is either multiply relapsed or
overtly cisplatin-refractory, can be cured with high-
dose carboplatin and VP-16 with ABMT.69,73,77,78 For
this population of patients, ABMT is clearly not an
investigational therapy, and, in fact, represents the
therapy with the greatest curative potential. It is

important to note that cisplatin-refractory patients are
rarely cured, and new and innovative approaches are
needed. Finally, the use of high-dose therapy with
ABMT in patients with gonadal GCT in first relapse,
who are platinum-sensitive, is quite successful, with
high response rates and low toxicity.

A number of institutions in Europe have reported
their experience in the treatment of GCT with high-
dose therapy and HSCR.

Droz et al.79 reported on 17 patients treated with cis-
platin (200 mg/m2), VP-16 (1750 mg/m2), and
cyclophosphamide (6400 mg/m2) with BM rescue. This
was a heavily pretreated group of patients, and they
observed CRs in 9/17 (53%), with 4/17 patients in long-
term DFS. Among the refractory patients treated on this
protocol, there were no long-term survivors. This group
went on to carry out a randomized trial of conven-
tional-dose therapy [cisp1atin (200 mg/m2), vinblas-
tine, and bleomycin given every 3 weeks for three to
four cycles] versus high-dose therapy with BM rescue,
in patients with poor-risk characteristics. One hun-
dred fifteen patients were enrolled, of whom 114 were
evaluable. The 2-year survival was 82% in the conven-
tional-dose arm, and 60% in the high-dose arm, a statis-
tically insignificant difference. Unfortunately, this trial
suffered from some deficiencies: the dose intensity and
total dose of cisplatin was actually higher on the con-
ventional-dose arm than the transplant arm, and small
number of patients precluded definite conclusions.
Nonetheless, this study did not show an advantage for
the use of high-dose therapy with BM rescue for the ini-
tial treatment of poor-risk GCT patients.80

Rosti et al.81 published the Italian multicenter experi-
ence with high-dose carboplatin, IFX, and etoposide
with BM rescue in the treatment of 28 patients. They
observed that the five long-term disease-free survivors
in this group were all cisplatin sensitive at the time of
transplant, and concluded that cisplatin refractoriness
predicted for a universally poor outcome. Two other
groups have reported a significant experience with the
addition of IFX to the combination of carboplatin and
VP-16. The German Testicular Cancer Cooperative Study
Group published their initial phase I/II experience with
this regimen in 1994.82 They reported 74 patients, 20 of
whom were treated with the phase II doses of carbo-
platin (1500 mg/m2), VP-16 (2400 mg/m2), and IFX (10
g/m2). IFX was again administered by prolonged infu-
sion. Renal toxicity in this group was mild, with a
median maximum serum creatinine level of 1.4 mg/dL;
however, with escalating doses of carboplatin, much
more severe renal toxicity was observed. Of 23 patients
with cisplatin-refractory disease, only 1 was alive, free of
disease, with a 7-month follow-up. This group updated
their results in 1997,83 revealing an OS of 38%, with a
failure-free survival of 31% at 5 years. There were no
long-term survivors among cisplatin-refractory patients.
Late toxicities of renal insufficiency, paresthesias, and
ototoxicity were seen in 20–30% of survivors.
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Lotz et al.84 carried out a phase I/ll trial of this regi-
men, using a tandem transplant schema in 39 patients,
including five with metastatic trophoblastic disease.
Overall, there were 13 CRs and four PRs, for an overall
response rate of 46%. Thirty-three patients treated on
this trial had cisplatin-refractory disease (defined as
failure to respond/progression on cisplatin-based CT
or relapse within 4 weeks of cisplatin-based CT). In this
group there were 21 patients with gonadal GCT, nine
of whom achieved a CR with a median duration of 29
months (range 2–84� months), and no patient with
refractory extragonadal GCT was a long-term survivor.
The investigators concluded that cisplatin refractoriness
could be overcome with dose-intense therapy.The use of
high-dose therapy with HSCR has been successful and
life-saving for some patients, but many questions
remain. In particular, those with primary mediastinal
nonseminomatous GCT in relapse, and those with cis-
platin-refractory disease, are helped either rarely or not
at all. The cumulative information on relapsed medi-
astinal GCT indicates that this group of patients
should be spared the rigors of high-dose therapy and
autologous stem cell transplantation. New and innov-
ative approaches are needed for these patients. For
those who have cisplatin-refractory disease, the ques-
tion is more difficult. There appears to be a fraction of
such patients who are long-term disease-free survivors
in most large series. This is a small fraction, probably no
more than 5%, and yet, it is not zero. Ideally, however,
such patients should be enrolled in clinical trials to
develop more effective approaches. The use of allotrans-
plantation in these two groups has yet to be explored,
and may be worthy of evaluation.

ALLOGENEIC STEM CELL
TRANSPLANTATION FOR SOLID TUMORS

Allogeneic stem cell transplantation is an effective
therapy for a variety of hematologic malignancies.
Early clinical observations indicate that a graft-versus-
malignancy effect may be present after allogeneic
transplant in advanced solid tumors.

The toxicity and TRM associated with conventional,
fully ablative allografting was prohibitive in typical
patients with solid tumors who might benefit from
such an approach. In recent years, many transplant
groups have explored the activity of reduced-intensity
conditioning regimens with the aim to reduce regi-
men-related toxicity and TRM.85 Different groups have
used a variety of approaches to achieve the necessary
immunosuppression including fludarabine-based
regimens,86–88 low-dose fractionated total-body irra-
diation,89 thymic irradiation, and T-cell-depleting
antibodies90 or cytotoxic drugs in combination with
monoclonal antibodies.91

The occurrence of a graft-versus-malignancy effect
that can be exploited for the treatment of solid tumors

may be inferred from early reports of a few cases that
used allogeneic, fully ablative transplantation. A graft-
versus-malignancy effect was first described after allo-
grafting for breast cancer.92 Subsequently, Ueno et al.93

reported a small series of breast cancer patients treated
with a high-dose alkylating agent regimen. In two of
these cases, a disease response occurred during acute
graft-versus-host disease (GvHD). More recently, Bay et
al.94 described responses attributable to a graft-versus-
malignancy effect in four patients with refractory
ovarian cancer. An anecdotal report identified a com-
plete response in a patient with non-SCLC who had
acute GvHD following a myeloablative allogeneic
transplant for acute leukemia.95 Thus, several tumors
have been demonstrated to be susceptible to an
immune-mediated graft-versus-malignancy effect after
allogeneic SCT. The toxicities of fully ablative condi-
tioning, however, precluded clinical trials to explore
this more fully. The improved safety profile of non-
myeloablative allogeneic SCT allowed a number of
investigators to initiate pilot studies in chemotherapy-
refractory diseases. Advanced renal cell cancer (RCC)
and metastatic melanoma were chosen as candidates for
these studies because of their poor prognosis and sus-
ceptibility to immune therapy. In 2000, Childs et al.96

from the National Institutes of Health (NIH) reported a
clear graft-versus-malignancy effect in metastatic,
cytokine-refractory renal carcinoma: in their report,
disease regression occurred in 53% of 19 patients, and
was associated with GvHD and full donor T-cell
engraftment. Three of four patients who achieved a
complete response survived without evidence of dis-
ease, including the first patient who remains in remis-
sion 4.5 years after the transplant. Disease response
occurred primarily in the lungs, but other sites
responded as well. The NIH results have been recently
updated by Igarashi et al.97 demonstrating that 23 of
the first 55 patients had regression of metastatic dis-
ease compatible with a graft-versus-malignancy effect.
Five patients died from transplant-related causes, acute
GvHD being the major toxicity associated with the
procedure. Other investigators have since confirmed
these first observations. Rini et al.98 demonstrated 4
partial responses in 15 patients who had undergone
allogeneic SCT. Nine of these patients had sustained
donor engraftment, with four treatment-related deaths.
Blaise et al.99 reported their experience of reduced-
intensity allografting in a variety of solid tumors;
notably, their approach resulted in a rapid engraftment
and a low overall TRM (9%). Renal cell cancer patients,
most of whom had a progressive disease at time of
treatment, had a response rate of 8%.

AMYLOIDOSIS

The use of high-dose therapy and stem cell transplant for
primary amyloidosis has gained in popularity recently.
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Given the dismal outcome of patients with a diag-
nosis of AL amyloidosis, with or without conven-
tional-dose therapy, a number of groups have carried
out trials exploring the use of high-dose therapy in
this setting. It is clear that the selection of patients
with amyloidosis for high-dose therapy is of the
utmost importance. The extent of organ involvement
prior to high-dose therapy accounts for most of the
transplant-related morbidity and mortality.100,101 In
one trial, 43 patients were transplanted; those with
two or more involved organs had a 100-day survival
of 33% as compared with 81% for those with more
than two organs involved. The Mayo Clinic treated
66 patients with a treatment-related mortality of
14%. Multivariate analysis revealed that serum creati-
nine and number of organs involved were the key
predictors of survival. The 30-month survival was
72% overall, but was �20% for patients with more
than two organs involved. They have therefore pub-

lished a risk-adapted model for the selection of these
patients.102

There is one randomized trial reported in which
patients received either high-dose therapy as initial
therapy or two cycles of oral melphalan and prednisone
followed by high-dose therapy. One hundred patients
were enrolled and randomized (52 to arm 1 and 48 to
arm 2). Nine patients in arm 1 and 16 in arm 2 did not
proceed to high-dose therapy. Survival of patients on
arm 1 at 1 year was 70% compared with 58% for arm 2
(P 
 0.04), and 35% of patients in both arms who
underwent high-dose therapy achieved a CR.103

In summary, the best treatment for AL amyloidosis
has yet to be identified. The use of a risk-adapted
model as proposed by the Mayo Clinic group makes
high-dose therapy feasible for a larger proportion of
these patients,; yet-well designed clinical trials are
needed to define more effective, safer, therapy for
patients with this otherwise devastating diagnosis.
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NONMYELOABLATIVE 
CONDITIONING REGIMEN FOR
ALLOGENEIC HEMATOPOIETIC
CELL TRANSPLANTATION
Frédéric Baron, Marie-Térèse Little, and Rainer Storb

INTRODUCTION

Due to regimen-related toxicities, the use of conven-
tional allogeneic hematopoietic cell transplantation
(HCT) has been restricted to younger and medically fit
patients. This is unfortunate, as the median ages at
diagnosis of patients with most hematologic malignan-
cies, such as acute and chronic leukemias, lymphomas,
multiple myeloma, or myelodysplastic syndromes,
range from 65 to 70 years (Table 96.1).1 The curative
potential of allogeneic HCT is the result of eradication
of malignant cells by high-dose chemotherapy and
total body irradiation (TBI), and of immune-mediated
graft-versus-tumor (GvT) effects.2,3 The power of the
GvT effects, which are mediated by lymphocytes, has
led several groups of investigators to infuse donor lym-
phocytes (donor lymphocyte infusion, DLI) in patients
who have relapsed with hematologic malignancies
after allogeneic HCT.4,5 The induction of durable remis-
sions by DLI demonstrated that the GvT effects were
capable of eradicating some hematologic malignancies
by themselves, even in the absence of chemotherapy.
This prompted the introduction of reduced-intensity
conditioning regimens6–8 or truly nonmyeloablative
regimens for allogeneic HCT9–11 that are mainly based
on GvT effects. The lower degrees of regimen-related
toxicities associated with these procedures have
allowed the extension of allogeneic HCT to patients
previously deemed ineligible for high-dose conven-
tional approaches due to age or comorbidities.9

AIMS OF CONDITIONING REGIMENS

MAKING SPACE FOR DONOR CELLS
Immature progenitor cells occupy defined niches
within the marrow stroma to obtain the necessary

support for proliferation and differentiation.12 To
allow access for donor cells to these niches, it was com-
monly believed that at least some host stem cells must
be eradicated by the conditioning regimen. However,
there is now evidence that allogeneic grafts can create
their own marrow space via subclinical graft-versus-
host reactions. First, dogs conditioned only with 4.5
Gy irradiation targeted to the cervical, thoracic, and
upper abdominal lymph node chains, and adminis-
tered postgrafting immunosuppression with mycophe-
nolate mofetil (MMF, a purine synthesis inhibitor)
and cyclosporine (CSP) achieved long-term mixed
hematopoietic chimerism, as well as in the lymph
nodes and bone marrow spaces that were shielded
from irradiation.13 Secondly, HLA-identical bone mar-
row can stably engraft without any conditioning regi-
men or postgrafting immunosuppression in infants
with severe combined immunodeficiency disease
(SCID).14 Thirdly, allografts have been successfully car-
ried out with postgrafting immunosuppression with
MMF and CSP, but without conditioning in some
human patients with T-cell deficiencies other than
SCID.15 Finally, sustained engraftment has been accom-
plished in dogs after selective T-cell ablation with bis-
muth-213-labeled anti-TCR�� monoclonal antibody
and postgrafting MMF/CSP.16

TUMOR ERADICATION
Radiation or chemotherapy dose-effect curves for tumor
eradication are usually straight on a log scale: each radi-
ation or chemotherapy dose increment kills the same
fraction of malignant cells. Thus, allogeneic HCT was
first used as a means to deliver otherwise supralethal
doses of TBI.17,18 The major demonstration of the antitu-
mor efficacy of supralethal chemoradiotherapy was evi-
denced by the superiority of autologous HCT over con-
ventional chemotherapy in various hematologic
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malignancies.19 However, high-dose pretransplant ther-
apy does not completely eradicate the malignancy in all
patients. Attempts to improve disease-free survival by
increasing the intensity of the conditioning regimens
were usually accompanied by increases in transplant-
related mortality (TRM), and overall as well as disease-
free survivals remained unchanged or worsened.20,21

PREVENTION OF HEMATOPOIETIC STEM 
CELL REJECTION
It is necessary to abolish host defenses prior to trans-
plantation to avoid immune-mediated graft rejection
caused by alloreactive cytotoxic host T lymphocytes in
the major histocompatibility complex (MHC)-identical
setting16,22 and by alloreactive cytotoxic host T lym-
phocytes, host natural killer (NK) cells, and HLA-spe-
cific antibodies in the MHC-mismatched setting.23,24

The risks of graft rejection increase in cases of HLA dis-
parities or host sensitization to major and minor histo-
compatibility antigens via administration of multiple
blood products.25,26 Both the conditioning regimen
and the donor T lymphocytes are instrumental in the
destruction of the host immune system. The latter
implies that T-cell depletion of the graft as a method to
prevent graft-versus-host disease (GvHD) may also
have deleterious effects on engraftment.27

TBI DOSE DE-ESCALATION IN THE 
DLA-IDENTICAL DOG MODEL

In the preclinical canine dog leukocyte antigen (DLA)-
identical transplant model, a dose-response relation-
ship with respect to TBI and allogeneic marrow
engraftment has been demonstrated (Table 96.2). A

single TBI dose of 9.2 Gy was sufficiently immunosup-
pressive to allow engraftment of DLA-identical litter-
mate marrow in 95% of dogs not given postgrafting
immunosuppression.28 When the dose was decreased
to 4.5 Gy, only 41% of dogs had stable engraftment.29

When dogs were given 4.5 Gy TBI and posttransplant
prednisone, none engrafted.29 However, the addition
of postgrafting CSP for 5 weeks led to engraftment in
all animals studied.29 When the TBI dose was further
decreased to 2 Gy, postgrafting immunosuppression,
either with CSP alone or with a combination of CSP
and methotrexate (MTX), resulted in graft rejection
with autologous recovery in the majority of the dogs.30

On the other hand, a postgrafting immunosuppressive
regimen combining CSP and MMF lead to the devel-
opment of stable mixed chimerism in 11 of 12 dogs
studied.30 However, when the TBI dose was further
decreased to 1 Gy, stable long-term engraftment did
not occur, demonstrating a delicate balance between
host and donor cells.30 More recently, the combination
of rapamycin (sirolimus) and CSP was found to be as
effective as MMF/CSP in dogs given DLA-identical
marrow followed by 2 Gy TBI (Figure 96.1).31 However,
here again, stable long-term engraftment did not occur
when the TBI dose was further decreased to 1 Gy.31

There is some evidence that the rejections observed
after 1 Gy TBI are due to immune-mediated host antigraft
reactions. First, stable mixed chimerism could be
achieved after only 1 Gy TBI by reducing the intensity of
host immune responsiveness before HCT with the help of
the fusion peptide, CTLA4-Ig, which blocks T-cell costim-
ulation through the B7-CD28 signal pathway.33 Second,
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Median ages patient (years)

Recent allogeneic HCT 
recipients (FHCRC)

At diagnoses
Disease Related donor Unrelated donor (SEERS)

Table 96.1 Age of patients at diagnoses and at HCT1

CML 40 36 67

AML 28 33 68

NHL 33 35 65

MM 45 45 70

CLL 51 46 71

HD 29 28 34

MDS 40 41 68

Overall 40 (n 
 1428) 35 (n 
 1277) –

HCT, hematopoietic cell transplantation; FHCRC, Fred Hutchinson
Cancer Research Center; SEERS, Surveillance, Epidemiology and
End Results; CML, chronic myeloid leukemia; AML, acute myeloid
leukemia; NHL, non-Hodgkin’s lymphoma; MM, multiple myeloma;
CLL, chronic lymphocytic leukemia; HD, Hodgkin’s disease; MDS,
myelodysplastic syndrome.

No. of dogs with 
stable engraftment

TBI dose Postgrafting (%)a/no. of dogs
(Gy) immunosuppression transplanted

Table 96.2 Effect of TBI dose and postgrafting
immunosuppression on engraftment of DLA-identical
marrow grafts

9.2 None28 20/21 (95%)

4.5 None29 6/17 (35%)

4.5 Cyclosporine29 7/7 (100%)

2.0 Cyclosporine30 0/4 (0%)

2.0 Methotrexate � 2/5 (40%)
cyclosporine30

2.0 Mycophenolate mofetil � 11/12 (92%)
cyclosporine30

2.0 Sirolimus � cyclosporine31 6/7 (86%)

1.0 Mycophenolate mofetil � 0/6 (0%)
cyclosporine30

1.0 Cyclosporine � 5/8 (63%)
G-PBMCb32

aMixed or full chimerism.
bGranulocyte colony-stimulating factor mobilized peripheral blood
mononuclear cells.



Zaucha et al. demonstrated that the addition of granulo-
cyte colony-stimulating factor mobilized peripheral
blood mononuclear cells (G-PBMC) to marrow grafts
allowed for a reduction in the pretransplant TBI to 1 Gy
and omission of MMF.32 This effect was due to donor CD3
cells contained in G-PBMC, because the addition of the
CD3-depleted fraction of G-PBMC resulted in graft rejec-
tion in six of seven recipients.32

REDUCED-INTENSITY OR 
NONMYELOABLATIVE CONDITIONING
REGIMENS

A number of reduced-intensity or truly nonmyeloab-
lative conditioning regimens have been developed
for clinical use (Table 96.3). Most of the reduced-
intensity conditioning regimens do not meet criteria
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Figure 96.1 Hematologic changes (top panel) and results of chimerism analyses (bottom
panel) in a dog conditioned with 2 Gy TBI before a DLA-identical littermate marrow graft
and given a combination of rapamycin and CSP for postgrafting immunosuppression.
(Reprinted from Baron F, et al.: Hematopoietic cell transplantation: five decades of progress.
Arch Med Res 34:528–524, 2003; with permission from IMSS.)



Table 96.3 Example of RIC or NMCR currently under investigation

No. of patients GvHD NRM (time 
Postgraft immuno- (median age Acute after

Center Preparative regimen suppression in years) Diseases (grade II–IV) Chronic transplant) Outcome

MD Anderson34 Fludarabine 25 mg/m2/day (or FK506 � MTX 86 (52) Hematologic 49% 68% 37% (at 2-year OS 28%
2-CDA 12 mg/m2) � 5 days malignancies 100 days) 2-year DFS 23%
Melphalan 140–180 mg/m2

United Kingdom35 Fludarabine 30 mg/m2/day � CSP �/� MTX 44 (41) Hematologic 3/44. 1 NR 11% (at 12 1-year OS 73%
5 days malignancies. after DLI months)
Melphalan 140 mg/m2 19 patients had a pre- 1-year PFS 71%
Campath-1H 20 mg/day � 5 days vious failed transplant

Jerusalem36 Fludarabine 30 mg/m2/day � CSP �/� MTX 24 (35) CML in first chronic 75%a 55% 3 patients 5-year DFS 85%
6 days phase (days

116, 499,
and 726)

Busulfan (p.o.) 4 mg/kg/day �
2 days
ATG 5–10 mg/kg/day � 4 days

MD Anderson37 Fludarabine 25 mg/m2/day FK506 � MTX 20 (51) Lymphomas 20% 64% 2 (at day 45 2-year DFS 84%
� 5 days or and before
Fludarabine 30 mg/m2/day � 3 days 10 months)
Cyclophosmphamide 1g/
m2/day � 2 days or 750 mg/m2/
day � 3 days 
�/� Rituximab

National Institutes Fludarabine 25 mg/m2/day � 5 CSP 15 (50) Hematologic � 10/15 NR 2 patients 8/15 patients 
of Health38 days solid malignancies patients. 1 (days 59 and survived 

Cyclophosphamide 60 mg/ after DLI 205) between 121
kg/day � 2 days and 409 (median

200) days

Boston10 Cyclophosphamide 50 mg/kg/ CSP 21 Hematologic 12 patients NR 2 patients (days At a median
day � 3–4 days malignancies 6 after DLI 77 and 180) follow-up of 445
ATG 30 mg/kg/day � 3 days or 15 days:
mg/kg/day � 4 days 11 patients were
Thymic irradiation 700 cGy in surviving
patients who have not received 7 patients were 
previous mediastinal irradiation surviving free of

progression

table continues



Table 96.3 continued

No. of patients GvHD NRM (time 
Postgraft immuno- (median age Acute after

Center Preparative regimen suppression in years) Diseases (grade II–IV) Chronic transplant) Outcome

Seattle (unrelated)39 Fludarabine 30 mg/m2/ CSP � MMF 89 (53) Hematologic 52% 37% at 1 16% (at 12 1-year OS 52%
day � 3 days malignancies. yearb months) 1-year PFS 38%
TBI 2 Gy 69 patients (78%) 

had high-risk diseases

Seattle (related)18 TBI 2 Gy CSP � MMF 212 (55) Hematologic 44% 65% 4.7% (at At a median 
�/� Fludarabine 30 mg /m2/ malignancies. 100 days) follow-up of
day � 3 days. 11.5 months

68% were
surviving
52% were
surviving free
of progression

agrade I–IV; bextensive chronic GvHD 
NRM, nonrelapse mortality; 2-CDA, cladribine; ATG, antithymocyte globulin; CSP, cyclosporine; FK506, tacrolimus; MTX, methotrexate; BM, bone marrow; OS, overall survival; DFS, disease-free
survival; PFS, progression-free survival; NR,  not reported; RIC, reduced-intensity conditioning regimen; NMCR, nonmyeloablative conditioning regimen.



of nonmyeloablative conditioning. These include (1)
no eradication of host hematopoiesis; (2) prompt
hematologic recovery (�4 weeks) without transplant;
and (3) presence of mixed chimerism upon engraft-
ment. Reduced-intensity conditioning regimens are
aimed at eliminating host-versus-graft reactions and
producing major antitumor effects. Conversely, non-
myeloablative conditioning regimens rely on opti-
mization of pre- and posttransplant immunosuppres-
sion to overcome host-versus-graft reactions to allow
engraftment, and eradication of tumors depend nearly
exclusively on the GvT effect. In patients with slowly
progressing diseases [i.e., chronic lymphocytic
leukemia (CLL), low-grade non-Hodgkin’s lymphoma
(NHL), and chronic myeloid leukemia (CML) in first
chronic phase] or with more aggressive diseases in
complete remission, a nonmyeloablative conditioning
regimen might be sufficient to achieve engraftment
and cure the malignant disease. However, cytoreduc-
tion might be required in patients with aggressive dis-
eases (acute leukemia, multiple myeloma, high-grade
lymphoma, Hodgkin’s disease), who are not in com-
plete remission at the time of the transplant.

REDUCED-INTENSITY CONDITIONING REGIMENS 
Most reduced-intensity conditioning regimens have
combined purine analogs (fludarabine, cladribine, or
pentostatin) and alkylating agents, usually cyclophos-
phamide, busulfan, or melphalan. In 1997, Giralt et al.
reported engraftment of HLA-identical related trans-
plants after a reduced-intensity conditioning regimen
combining fludarabine 30 mg/m2/day � 4 days,
cytarabine zg/m2/day � 4 days, and idarubicin 12
mg/m2/day � 3 days.6 Initial engraftment was greater
than 90% with TRM around 20%. Giralt et al. subse-
quently reported a more intense regimen combining
fludarabine (120–125 mg/m2) and melphalan (140-
–180 mg/m2) for patients with advanced leukemia,

multiple myeloma, or renal cell carcinoma.34

Nonrelapse mortalities at 100 days and 1 year after the
transplant were around 20 and 40%, respectively.34

The Jerusalem group developed another protocol com-
bining fludarabine, antithymocyte globulin (ATG),
and low-dose oral busulfan.7 This regimen allowed the
achievement of full donor chimerism in the majority
of the patients with a low TRM. However, most
patients included in this study were younger and
would be considered eligible for conventional allo-
geneic HCT. Kottaridis et al. used another regimen
combining Campath-1H (100 mg/m2), melphalan (140
mg/m2), and fludarabine (150 mg/m2).35,40 This regi-
men allowed engraftment with low incidences of
GvHD and TRM in HLA-matched related and unrelated
recipients.

NONMYELOABLATIVE CONDITIONING REGIMENS
Childs et al. developed a regimen combining
cyclophosphamide (120 mg/kg) and fludarabine (125
mg/m2).11,38 TRM was 12% at 1 year in metastatic
renal cell carcinoma patients. Spitzer et al. showed
that mixed chimerism could be achieved with a regi-
men combining cyclophosphamide, thymic irradia-
tion (in patients who had not previously received
mediastinal radiation therapy), and ATG.10 However,
around 30% of the patients subsequently rejected
their transplant.

Based on the canine allogeneic transplant model, we
studied the induction of mixed chimerism jointly with
other centers, using low-dose (2 Gy) pretransplant TBI
combined with postgrafting immunosuppression con-
sisting of MMF and CSP, initially in HLA-matched
related recipients (Figure 96.2).9 Typically, patients did
not become severely pancytopenic, and more than
50% of eligible patients were treated entirely in the out-
patient setting.9 Two-year nonrelapse mortality was
7%.9 Nonfatal graft rejection was observed in 16% of
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Figure 96.2 Nonmyeloablative HCT regimens for patients with malignancies given
grafts from HLA-matched related and unrelated donors. (Reprinted from Baron F, Storb R,
Little MT: Hematopoietic cell transplantation: five decades of progress. Arch Med Res
34:528–524, 2003; with permission from IMSS.)



patients.9 Therefore, in subsequent patients, three
doses of fludarabine (30 mg/m2/day) were added, and
rejections decreased to 3%.18 We studied a similar pro-
tocol that extended the duration of postgrafting
immunosuppression with MMF and CSP to 96 and 180
days, respectively, to condition patients for HLA-
matched unrelated donor grafts (Figure 96.2).39,41

CHIMERISM EVALUATION AND
ENGRAFTMENT KINETICS

ASSESSMENT OF HEMATOPOIETIC CHIMERISM
The assessment of hematopoietic chimerism required
more sensitive techniques than conventional cytoge-
netic analyses because of the availability of only small
numbers of dividing cells. The most widely used tech-
niques have been fluorescent in situ hybridization
(FISH), with X- and Y-specific probes in case of sex-

mismatched transplant, and polymerase-chain-
reaction-based assays of polymorphic mini- (variable
number tandem repeats) or micro-satellite markers in
case of sex-matched transplant. Other techniques based
on restriction fragment length polymorphism have also
been used.

ENGRAFTMENT KINETICS
The engraftment kinetics after a nonmyeloablative
conditioning regimen were first analyzed by Childs et
al.38 The authors studied chimerism evolution in 15
patients conditioned with cyclophosphamide and flu-
darabine. Postgrafting immunosuppression was carried
out with CSP alone. The patterns of engraftment varied
considerably among their patients, but most often full
donor chimerism was achieved earlier in T cells than in
granulocytes, and the achievement of full donor T-cell
chimerism preceded GvHD and antitumor responses.
The kinetics of B-cell recovery were distinct from those
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Figure 96.3 Neutrophil and platelet changes in 212 patients with malignancies condi-
tioned with 2 Gy TBI �/� fludarabine (30 mg/m2/day � 3 days) and given HLA-
matched related G-PBMC grafts. (Reprinted from Storb R: ASCO Educational Book
77–83, 2002; with permission from the American Society of Clinical Hematology.)



of myeloid and T-cell lineages, while NK-cell chimerism
was closely correlated with T-cell chimerism.

Ueno et al. studied chimerism evolution in 23
patients, with metastatic tumors transplanted after a
reduced-intensity conditioning regimen combining
fludarabine and melphalan.42 Postgrafting immuno-
suppression consisted of tacrolimus and short MTX.
All patients showed 100% T-cell and granulocyte
chimerisms on days 30 and 100 after the transplant. 

Keil et al. analyzed the impact of day 28 chimerism
on outcome after nonmyeloablative HCT in 38
patients conditioned with fludarabine followed by
low-dose (2 Gy) TBI.43 Postgrafting immunosuppres-
sion was carried out with MMF and CSP. Generally,
donor T-cell chimerism lagged behind myeloid
chimerism. In addition, patients with �90% donor T
cells on day 28 after the transplant had significantly
higher risks of graft rejection and relapse and signifi-
cantly worse progression-free survival than patients
with �90% donor T cells. 

Baron et al. analyzed T-cell chimerism in 35 patients
conditioned with TBI (2 Gy) alone (n 
 15), TBI (2 Gy)
and fludarabine (n 
 13), or fludarabine and cyclophos-
phamide (n 
 7). Patients received either unmanipu-
lated (n 
 18), CD8-depleted (n 
 11), or CD34-selected
G-PBMC (n 
 6). Median donor T-cell contributions
on days 28, 60, 100, 180, and 365 in recipients of
unmanipulated G-PBMC were 75, 85, 87, 90, and
100%, respectively. Evolution of donor T-cell
chimerism did not differ significantly between recipi-
ents of unmanipulated and CD8-depleted G-PBMC,
while CD34 selection resulted in significantly
decreased donor T-cell chimerism.44

We analyzed the kinetics of donor engraftment in
peripheral blood hematopoietic subpopulations from
120 patients conditioned with 2 Gy TBI �/� fludara-
bine and postgrafting immunosuppression with MMF
and CSP.45 On day 14 posttransplant, the highest
degree of donor chimerism was noted in the NK-cell
fraction, followed by lymphocytes, monocytes, and
granulocytes. By day 28, donor granulocyte chimerism
had surpassed those in the remaining cell populations.
Most patients remained mixed chimeras for at least
180 days posttransplant, with greater than 60% donor
chimerism in each subpopulation except in patients
with CML or MDS, who had lower percentages of
donor T-cell chimerisms. Patients receiving G-PBMC
had higher degrees of donor T-cell chimerism than
recipients of marrow. Greater intensity of therapy
before HCT was also associated with higher degrees of
donor chimerisms. Low donor T-cell chimerism on day
14 (�50% CD3� T cells) was strongly associated with a
higher risk of graft rejection. 

Taken altogether, these results suggest that the
engraftment kinetics after nonmyeloablative or
reduced-intensity conditioning HCT depend on the
intensity of pretransplant chemotherapy, the intensity
of the preparative regimens, and whether the grafts

have been depleted of T-cells or not. Moreover, moni-
toring mixed chimerism early after transplant may
predict transplantation outcomes and/or allow early
intervention to prevent graft rejection or disease pro-
gression.

TOXICITY

There are important differences in toxicities among
the various studies, in part related to the intensities of
the regimens used, the ages of the patients studied,
and the nature of the grafts used (sibling vs unrelated
and HLA-matched vs mismatched). The 100-day TRM
ranged from �5% in HLA-matched nonmyeloablative
HCT recipients conditioned with low-dose TBI �/�

fludarabine18 to 37% in patients given melphalan and
purine-analog-containing preparative regimens.34 In
a multicenter European Bone Marrow Transplant
(EBMT) study reporting on 188 transplants for lym-
phoma with various reduced-intensity or nonmye-
loablative conditioning regimens, the 100-day and
1-year probabilities of TRM were 13 and 26%, respec-
tively, and those were significantly higher in older
patients.46

Analysis of data from the first 45 patients receiving 2
Gy TBI as a conditioning regimen showed that no
patients experienced regimen-related painful mucosi-
tis, pulmonary toxicity, cardiac toxicity, veno-occlusive
disease of the liver, hemorrhagic cystitis, or new onset
alopecia.9 Fifty-three percent of eligible patients were
treated entirely in the outpatient department, with
others having relatively short hospitalizations (median
8 days). The hematologic changes were much milder
than those observed after conventional HCT (Figure
96.3). Platelet and red blood cell transfusion require-
ments were significantly reduced in these patients
compared to a concurrent group of myeloablative
recipients, with 77% of patients not requiring platelet
and 37% not requiring red blood cell transfusions.47

Liver and lung toxicities were also significantly
reduced after nonmyeloablative HCT. The frequency
of a bilirubin �4 mg/dL was 26% at 200 days in 193
consecutive nonmyeloablative HCT recipients versus
48% at 100 days in 1419 consecutive allogeneic HCT
recipients conditioned with cyclophosphamide-based
myeloablative regimens.48 The 120-day cumulative
incidence of idiopathic pneumonia syndrome was
2.2% in 183 nonmyeloablative HCT recipients versus
8.4% in 917 recipients of myeloablative conditioning
regimens.49

GRAFT-VERSUS-HOST DISEASE

Most reports show that GvHD is a major cause of
morbidity and mortality after reduced-intensity or
nonmyeloablative conditioning regimens.7,9,34,39,41 In
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the EBMT lymphoma study, grade II–IV acute GvHD
was seen in 29% of in vivo T-cell-depleted HCT recip-
ients, versus 58% of T-cell-replete HCT recipients (P 


0.03).46 In multivariate analysis, both T-cell depletion
of grafts and grafts from sibling donors were associ-
ated with lower GvHD incidences.46 In a French study
that used a conditioning regimen of fludarabine,
busulfan, and ATG, the cumulative incidence of grade
II–IV acute GvHD was 36%, and the 2-year cumula-
tive incidence of chronic GvHD was 43%.50 In multi-
variate analysis, a lower incidence of acute GvHD was
significantly associated with higher ATG doses
infused during conditioning (P 
 0.0005), whereas
the use of G-PBMC instead of marrow as the stem cell
source was the only risk factor for the development of
chronic GvHD (P 
 0.0007). Not surprisingly, the
relapse rates were much lower in patients who experi-
enced GvHD than in those without it, suggesting
potent GvT effects. 

We recently compared GvHD in 44 nonmyeloabla-
tive and 52 age-matched conventional HCT recipients
(ablative group).51 HCT included grafts from both
related and unrelated donors who were at least sero-
logically matched for HLA-A, -B, and -C, and allele-
level matched for HLA-DRB1 and -DQB1. The median
patient age was 56 years in the nonmyeloablative
group versus 54 years in the ablative group.
Postgrafting immunosuppression was MMF and CSP in
the nonmyeloablative group, and MTX plus CSP (n 


48) or MMF plus CSP (n 
 4) in the ablative group.
Grades II–IV and III–IV acute GvHD to day 100 were
lower among unrelated recipients in the nonmyeloab-
lative group than among those in the ablative group 
(P 
 0.01 and 0.01, respectively). Peaks of skin and gas-
trointestinal morbidities occurred between 6 and 12
months in the nonmyeloablative group and during
the first month in the ablative group. Interestingly, 7
of 10 nonmyeloablative HCT recipients who required
steroid treatment for cutaneous GvHD after day �80
had acute inflammatory changes similar to those seen
in acute GvHD (“late onset acute GvHD”). These
observations emphasized that a new GvHD classifica-
tion that is based on criteria emphasizing the quality
of target organ involvement rather than temporal pre-
sentation would be required to assess GvHD after non-
myeloablative HCT. The median time to initiation of
corticosteroids was 3.0 months in the nonmyeloabla-
tive group versus 0.9 months (P �0.001) in the abla-
tive group. Significantly smaller proportions of non-
myeloablative compared to ablative recipients
required steroids during each of the first 3 months
after HCT (month 1, P �0.001; month 2, P �0.001;
month 3, P 
 0.02). However, differences in steroid
requirements between the nonmyeloablative and the
ablative groups were no longer significant beyond the
first 3 months after HCT. The 15-month cumulative
incidence of death with manifestations of GvHD
under treatment was 24% in the nonmyeloablative

group versus 35% not significant (NS) in the ablative
group. One-year overall survival was 68% in the nonab-
lative group versus 50% (P 
 0.04) in the ablative group.

IMMUNE RECONSTITUTION
AND INFECTIONS

To date, few reports have analyzed immune reconstitu-
tion after nonmyeloablative HCT. Mohty et al. showed
that early CD8� T lymphocyte and NK-cell recoveries
after HCT with a reduced-intensity conditioning regi-
men take place, whereas naive CD4�CD45RA� T lym-
phocytes remained below normal values during the
first months after the transplant.52 Similar results were
reported by Baron et al.44 We recently compared
immune reconstitution after conventional and non-
myeloablative transplantation.53 During the first 6
months, absolute lymphocyte subset counts were simi-
lar, but counts of cytomegalovirus (CMV)-specific T-
helper lymphocytes were higher at days 30 and 90 in
the nonmyeloablative patient group. Conventional
transplant recipients had higher naïve CD4 and CD8
counts 1 year after the HCT, probably reflecting lower
counts of recent thymic emigrants in nonmyeloabla-
tive recipients; this finding might be related to the
older age of nonmyeloablative recipients.

Mohty et al. analyzed infectious complications occur-
ring during the first 6 months after HLA-identical sibling
transplantation with an ATG-based reduced-intensity
conditioning regimen.54 The 6 month cumulative inci-
dences of bacteremia, positive CMV antigenemia, and
fungal infection were 25, 42, and 8%, respectively.

Junghanss et al. compared the incidence of post-
transplant CMV infections in 56 nonmyeloablative
recipients with that in 112 matched controls who were
treated by conventional HCT during the same time
period.55 CMV disease occurred in neither low- and
intermediate-risk CMV nonmyeloablative or control
patients. The 100-day incidence of CMV disease for
high-risk CMV patients (defined as recipients serologi-
cally positive for CMV) was 9% in the nonmyeloabla-
tive group versus 19% (P 
 0.08) in the control group.
However, the 1-year probability of CMV disease for
high-risk CMV patients was similar in the two groups
(P 
 0.87). The onset of CMV disease was significantly
delayed in the nonmyeloablative group compared to
the control group (medians of 130 days vs 52 days, P 


0.02). These results agreed with the evolution of CMV-
specific immunity after nonmyeloablative or conven-
tional HCT, and emphasized that nonmyeloablative
HCT recipients should receive CMV surveillance
beyond day 100 and preemptive ganciclovir treatment
similar to that routinely given to recipients of mye-
loablative regimens.

The same authors analyzed the incidence of bacter-
ial infections during the first 100 days and of fungal
infections during the first year posttransplantation.56
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The 30- and 100-day incidences of bacteremia were 9
and 27% in the nonmyeloablative group versus 27% 
(P 
 0.01) and 41% (P 
 0.07) in the control group,
respectively. Invasive aspergillosis occurred at a similar
rate (15% in the nonmyeloablative group vs 9% in the
control group, P 
 NS). Fukuda et al. analyzed risks
and outcomes of invasive fungal infections in 163
nonmyeloablative HCT recipients. The 1-year cumula-
tive incidence of proven or probable invasive fungal
infections, invasive mold infections, invasive
aspergillosis, and invasive candidiasis were 19, 15, 14,
and 5%, respectively. Invasive mold infections
occurred late (median 107 days) after nonmyeloabla-
tive HCT. Risks factors were GvHD and CMV disease.
Nonrelapse mortality in nonmyeloablative recipients’
was 22%, of which 39% were mold infection related. 

PRELIMINARY RESULTS WITH
NONMYELOABLATIVE CONDITIONING

HLA-MATCHED RELATED GRAFTS
We recently reviewed results of the first 212 patients
treated by our group of collaborators.18 Conditioning
regimens consisted of 2 Gy TBI alone (n 
 102), or 90
mg/m2 fludarabine plus 2 Gy TBI (n 
 110). Patient
diagnoses included multiple myeloma (n 
 66), acute
leukemias or myelodysplastic syndromes (n 
 58),
chronic leukemias (n 
 43), lymphomas (n 
 41), and
other hematologic malignancies (n 
 4). Median
patient age was 55 (range 18–73) years. The declines in
blood counts after HCT were generally modest. The
incidences of grade II, III, and IV acute GvHD were 29,
10, and 5%, respectively. Chronic GvHD was seen in
65% of patients. With a median follow-up of 11.5
(3–42) months, overall survival and progression-free
survival were 63 and 52%, respectively. Typically,
remissions occurred over extended periods of time,
and some patients achieved complete remissions
beyond 1 year posttransplant.

HLA-MATCHED UNRELATED GRAFTS
Maris et al. reported the results in 89 patients given
grafts from unrelated donors matched for HLA-A, -B,
and -C antigens and HLA-DRB1 and -DQBI alleles.39

The median patient age was 53 (range 5–69) years.
Diagnoses included were acute leukemias (n 
 17),
myelodysplastic syndromes (n 
 21), chronic
leukemias (n 
 19), multiple myeloma (n 
 7), lym-
phomas (n 
 17), or other hematologic malignancies
(n 
 8). Stem cell sources were marrow (n 
 18) or G-
PBMC (n 
 71). Durable engraftment was observed in
85% of G-PBMC and 56% of marrow recipients (P 


0.007). Factors associated with increased risks of graft
rejection were marrow instead of G-PBMC as stem cell
source and the absence of chemotherapy preceding
HCT. Cumulative probabilities of grades II, III, and IV
acute GvHD were 42, 8, and 2%, respectively. Chronic

extensive GvHD was seen in 37% of patients. Grades
II–IV acute GvHD (P 
 0.02) and chronic GvHD (P 


0.04) were associated with decreased risks of relapse.
Nonrelapse mortality at day 100 and 1 year were 11 and
16%, respectively. One-year overall and progression-
free survivals were 57 and 44% for G-PBMC recipients,
and 33 (P 
 0.13) and 17% (P 
 0.02), respectively, for
marrow recipients. Risk factors favorably associated
with improved overall survival in a multivariate analy-
sis included �5% blasts in the marrow before HCT, low
relapse risk disease category, transplantation from
female donors, and CD3� cell doses �2.33 � 108

cells/kg.

HCT WITH NONMYELOABLATIVE CONDITIONING
AFTER FAILURE OF PREVIOUS HCT
Given that TRM after a second myeloablative allo-
geneic HCT in adults ranges from 50 to 80%,57 several
authors have investigated the use of nonmyeloabla-
tive or reduced-intensity conditioning regimens in
this setting. Nagler et al. described 12 high-risk, heav-
ily treated patients with a median age of 33 (range
8–63) years who received HLA-identical sibling (n 
 9)
or unrelated (n 
 3) HCT58 for acute leukemias or
lymphomas. Patients were conditioned with a
reduced-intensity regimen consisting of fludarabine
(180 mg/m2), busulfan (8 mg/kg/day), and ATG (40
mg/kg). Three-year TRM and progression-free survival
rates were 10 and 50%, respectively. Branson et al.
reported on 38 patients with refractory, progressive, or
relapsed lymphoproliferative diseases after autologous
HCT.59 The median age was 44 (range 25–64) years.
The conditioning regimen consisted of Campath-1H
(100 mg), fludarabine (150 mg/m2), and melphalan
(140 mg/m2). Fourteen-month TRM and progression-
free survival rates were 20 and 50%, respectively.
Feinstein et al. studied 55 patients with a median age
of 43 (range 18–69) years who failed previous mye-
loablative autologous (n 
 49), allogeneic (n 
 4), or
syngeneic (n 
 2) HCT.60 All patients were considered
ineligible for conventional allografts because of age
(older than 30 years), medical infirmity, or high-risk
of TRM (prior high-dose TBI or dose-limiting organ
irradiation). Twelve patients had disease that
remained untreated after they failed conventional
HCT, and 13 others had treatment-refractory disease
at the time of the nonmyeloablative HCT. The non-
myeloablative conditioning regimen consisted of 2
Gy TBI alone (n 
 7), or 2 Gy TBI and 90 mg/m2 flu-
darabine (n 
 48). Donors were HLA-identical siblings
(n 
 31) or HLA-matched unrelated donors (n 
 24).
Thirty-three patients died a median of 127 days (range
7–834 days) after HCT: 21 of relapse, 11 of TRM, and 1
of suicide. The TRM rate on day 100 was 11%, with an
estimated 1-year TRM rate of 20%. One-year progres-
sion-free survival was 28%, and untreated disease at
the time of the nonmyeloablative HCT increased the
risk of death.
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RESULTS IN DIFFERENT DISEASE SETTINGS
Myeloid malignancies
Or et al. reported results of a reduced-intensity condi-
tioning regimen HCT in 24 CML patients in first
chronic phase. Patients had a median age of 35 (range
3–63) years.36 Nineteen received their HCT from HLA-
matched family members (18 siblings and one father),
and five patients received their HCT from HLA-matched
unrelated donors. The 5-year probability of progression-
free survival was 85% [95% confidence interval (CI)
70–100%], suggesting that results after a reduced-intensity
conditioning regimen may be as good as after myeloab-
lative conditioning in chronic-phase CML. Feinstein 
et al.61 reported outcomes in 18 patients with de novo 
(n 
 13) or secondary (n 
 5) AML in first complete
remission who received a nonmyeloablative HCT from
HLA-identical sibling donors. Median age was 59 (range
36–73) years. Conditioning consisted of 2 Gy TBI alone
(n 
 10) or combined with fludarabine (n 
 8). Two
rejections were observed in patients not given fludara-
bine, and one of the two died with relapse. At a median
follow-up of 766 days, seven patients have remained in
complete remission. The 1-year estimates of TRM, over-
all survival, and progression-free survival were 17 (95%
CI 0–35%), 54 (95% CI 31–78%), and 42% (95% CI
19–66%), respectively. For the 13 patients older than 55
years, the figures were 8 (95% CI 0–22%), 68 (95% CI
43–94%), and 59% (95% CI 31–87%), respectively.
These results are promising, as the 1-year progression-
free survival for AML patients older than 55 years is
around 45% with conventional chemotherapy. 

Chronic lymphocytic leukemia
Dreger et al. reported results of 77 patients who
received reduced-intensity conditioning regimen HCT
(n 
 34) or nonmyeloablative HCT (n 
 43) for CLL in
EBMT-affiliated centers.62 The median age was 54
(range 30–66) years, and the median number of previ-
ous chemotherapy regimens was 3 (range 0–8). Eight
patients were in complete remission, 42 in partial
remission, and 27 had refractory disease at transplant.
The 1-year probability of TRM was 18% (95% CI
9–37%), and the 2-year probabilities of overall survival
and progression-free survival were 72 (95% CI
61–83%) and 56% (95% CI 43–69), respectively. 

Sorror et al. recently reported outcomes in 14
chemotherapy-refractory CLL patients who received a
nonmyeloablative HCT from HLA-matched unrelated
donors.63 The median patient age was 58 (range 48–67)
years. Two patients rejected their transplants. With a
median follow-up of 19 months, seven patients were
in complete remission, two in partial remission, and
two had stable disease. Estimated 2-year progression-
free survival was 62%.

Lymphoma
Robinson et al. reported results in 188 patients with
lymphoma [low-grade NHL n 
 52, high-grade NHL 

(n 
 62), Hodgkin’s disease (n 
 52), and mantle cell
lymphoma (n 
 22)] who received various reduced-
intensity conditioning regimens or nonmyeloablative
HCT in EBMT-affiliated centers.46 The median age was
40 (range 2–61) years, and the median number of prior
treatment courses was 3 (range 0–6). Forty-eight per-
cent of patients had undergone prior autologous trans-
plantation. The 1-year probability of TRM was 25.5%.
The 1-year probability of progression-free survival was
46%, and was significantly better in patients with
chemosensitive disease, Hodgkin’s disease, and low-
grade NHL.

Multiple myeloma
We recently reported results in 54 multiple myeloma
patients who first received a cytoreductive autologous
HCT followed by a planned nonmyeloablative HCT.64

Patients were 29–71 (median 52) years old and had
previously treated stage II or III multiple myeloma.
Forty-eight percent had refractory (35%) or relapsed
(13%) disease. Conditioning regimens for autologous
and nonmyeloablative transplants were melphalan 200
mg/m2 and 2 Gy TBI, respectively. Nonmyeloablative
HCT was performed 40–229 (median 62) days after the
autologous transplant. The 100-day mortalities after
autologous and allogeneic HCT were 2 and 2%, respec-
tively. With a median follow-up of 552 days after allo-
grafting, 57% of patients achieved complete remissions
and 26% partial remissions. Of the 28 patients with
responsive disease entering the trial (complete/partial
remissions), 3 have died and 2 have had disease pro-
gression. In contrast, of the 26 patients with relapsed
or refractory disease at study entry, 9 have died. Causes
of death in both groups were complications related to
GvHD (n 
 4), progression (n 
 3), pulmonary failure
(n 
 2), lung cancer (n 
 1), CMV infection (n 
 1),
and encephalopathy (n 
 1). The estimated 2-year
overall and progression-free survivals were 78 and
55%, respectively. 

SUMMARY

Reduced-intensity conditioning and nonmyeloabla-
tive regimens allowed engraftment of allogeneic
hematopoietic cells and the development of GvT
effects. Remarkably, a minimally toxic regimen of 2
Gy TBI with or without fludarabine followed by post-
grafting immunosuppression with MMF and CSP
assured engraftment rates similar to those following
myeloablative conditioning. Antitumor responses
occurred after the achievement of full donor T-cell
chimerism, though complete remissions required
extended periods of time, with some patients achiev-
ing complete remissions more than 1 year after trans-
plant. In patients with slowly progressing diseases
such as CLL, low-grade NHL, chronic-phase CML, or
with more aggressive diseases in complete remission,
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nonmyeloablative conditioning may be sufficient to
achieve engraftment and cure. In patients with
aggressive diseases such as acute leukemias, multiple
myeloma, high-grade lymphomas, and Hodgkin’s dis-
ease not in complete remission, cytoreduction by pre-
ceding chemotherapy or autologous HCT may be
required. Remaining challenges include prevention
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of both severe GvHD and infections, in particular
invasive fungal infections. Further progress in adop-
tive transfer of T-cell populations with relative tumor
specificity is likely to make HCT after reduced-inten-
sity or nonmyeloablative regimens more effective,
and might even extend the use of allogeneic HCT to
the therapy of nonhematopoietic malignancies. 
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INTRODUCTION

Transplantation of hematopoietic stem cells (HSCs)
collected from bone marrow (BM) or peripheral blood
(PB) of related and unrelated donors has become a suc-
cessful treatment option for several malignant and
nonmalignant disorders (Table 97.1). Further success
has been hampered by the limited number of suitable
HLA-matched donors, the prolonged length of donor
unit procurement, and significant transplant-related
morbidity. Over the past 15 years, in efforts to over-
come these obstacles, allogeneic transplantation using
umbilical cord blood (UCB) as an alternative source of
HSCs has been investigated. 

The use of UCB as a source of HSCs was proposed in
the early 1980s. UCB cells have been shown in vitro to
demonstrate both self-renewal and hematopoietic dif-
ferentiation capabilities.1–4 Umbilical cord blood trans-
plantation (UCBT) entered the clinical arena in 1988
when a child with severe Fanconi anemia was success-
fully transplanted using UCB harvested from an HLA-
matched sibling.5 The Placental Blood Project was
launched in 1993 to evaluate the clinical utility of
expanding UCB as a source of HSCs. Shortly thereafter,
mismatched related and unrelated UCBTs in children
with high-risk leukemia were performed.6 Since 1998,
more than 2500 UCBTs have been completed—75%
performed in children and the remaining 25% in
adults.7 Potential advantages of UCB as an alternative
source of HSCs include (1) negligible risk to donor, (2)
absence of donor attrition, (3) ease of procurement
and rapid allocation, (4) reduced risk of graft-versus-
host disease (GVHD), and (5) less stringent HLA-
matching restrictions. 

UCB BANKING 

Given today’s population dynamics, the estimated
probability of any patient obtaining an HLA-matched
related-donor HSC unit is approximately 30–40%.8

The likelihood of securing a matched unrelated donor

unit varies according to ancestry and is less likely in
patients of certain racial and ethnic backgrounds. As
such, approximately 50% of all patients requiring allo-
geneic transplantation are unable to secure an unrelated
HLA-matched donor unit.9 As an alternative source of
HSC, UCB has the potential to alleviate this donor
shortage. UCB banks have been developed to optimize
the chances of finding a suitable donor for allogeneic
transplantation. Netcord, a cooperative network of
large experienced UCB banks in the United States,
Europe, Japan, and Australia was founded in 1998 to
establish minimum UCBT standards, reach an interna-
tional agreement on aspects that protect the infant
donor and mother, and facilitate the matching process.
As of March 2004, over 150,000 UCB units have been
banked in 36 UCB registries throughout 21 countries.10

ETHICAL CONSIDERATIONS
UCB as an alternative source for allogeneic transplan-
tation has generated several ethical concerns.11 In
1997, a working group composed of experts in medi-
cine, blood banking, law, ethics, anthropology, and
the social sciences convened to examine these issues.12

A consensus statement to inform public policy and
raise awareness regarding UCB banking procedures
was generated. This statement addressed the following
dilemmas: (1) the potential promise of UCB as an
investigational agent, (2) maintaining linkage of the
donors and stored UCB units, (3) the uncertainty of
autologous UCB banking, (4) monitoring of private-
sector marketing practices, (5) assuring equitable UCB
banking recruitment and use, and (6) the process of
obtaining informed consent.

INFORMED CONSENT 
Informed consent is routinely a prerequisite for the
procedures of UCB banking. Prenatal efforts are often
directed at recruiting potential donors. Information
regarding the risks and benefits of the collection, stor-
age, and potential uses of UCB are explained to parents
of prospective donors. By convention, the mother
must consent by proxy as UCB is technically of fetal
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origin. At least four models of obtaining informed con-
sent exist: before labor, during labor, after collection,
and phased.13 Before-labor consent allows the donor
parent(s) to review and examine the consent docu-
ments weeks to months prior to childbirth. Donors
not exposed to recruitment efforts, often as a result of
inadequate prenatal care, may be excluded; potential
restriction in the diversity of the global UCB bank may
result. During-labor consent occurs during the early
phase of labor. Consent for testing and donation may
also be obtained at this time. The after-collection
model does not require consent for UCB collection.
Once collected, an informed consent process for test-
ing and donation is engaged. This may be troublesome
given various personal, cultural, and religious beliefs
toward UCB. In light of the potential advantages and
disadvantages of these consent models, a phased con-
sent policy has been adopted by some authorities. The
premise upon which this policy is based is that the
decision to collect UCB is not necessarily closely linked
to the decision to test or donate the unit. In the first
phase, information regarding UCB is dispersed during
prenatal visits. Consent for the second and third phase
may be completed at this time. Omission of the first
phase does not preclude progression to the second or
third phases. The second phase begins during labor

when a consent form is delivered and reviewed
explaining the process of UCB collection. The final
phase is completed after delivery when the mother
may agree to the processing, storage, and potential
transplantation of the collected UCB. 

Policies and recommendations vary based on
patient demographics and the practices of health care
providers. Nearly all centers employing in vitro UCB
collection methods require prelabor consent. The
largest UCB bank in the world, the New York Blood
Center, uses the after-collection model. The phased-
consent policy has been adopted by the American Red
Cross, North Central Blood Services Cord Blood Bank.
The American Medical Association Working Group on
Ethical Issues of Umbilical Cord Blood Banking states
“In general, when UCB collection is anticipated, the
norm should be to obtain written informed consent
before labor and delivery, followed by an affirmation
of this consent after delivery.”12

COLLECTION
Optimal yield of mononuclear cells remains a critical
factor in UCB collection. A suitable UCB unit has been
defined as a volume of at least 40 ml (excluding anti-
coagulant) and a total nucleated cell (TNC) count of 
6 � 10.8,14 Factors associated with improved UCB har-
vest include fewer previous births, larger infant size,
greater gestational age, longer umbilical cord, and
larger placenta.15,16 Two methods of UCB collection
exist in utero and ex utero. In utero collection is initi-
ated within seconds of delivery of the baby but prior to
expulsion of the placenta. The umbilical cord is
clamped, transected, and disinfected. The umbilical
vein is then punctured with a 16-gauge needle con-
nected to a standard closed blood donor collection sys-
tem (450 ml) containing approximately 20–30 ml of
CPDA (citrate, phosphate, dextrose, adenine) antico-
agulant, and drained by gravity. Ex utero UCB collec-
tion takes place immediately following placental deliv-
ery. The delivered placenta is placed in a plastic-lined
absorbent cotton pad suspended from a support frame.
Within minutes, the disinfected umbilical cord vein is
punctured and drained into a blood donor set con-
taining CPDA anticoagulant. The method of collec-
tion varies between UCB banks and among collection
sites within UCB banks. A small, randomized single-
institution trial detected a statistically significant
increase in mean volume (83.26 ml vs. 48.42 ml) and
mononuclear cell numbers (3.12 � 108 vs. 1.806 � 108)
with in utero collection.17 This was supported by a ret-
rospective single-institution analysis.18 A large, retro-
spective multicenter analysis of five programs estab-
lished by the American Red Cross Cord Program argued
equivalency between in utero and ex utero methods.19

PROCESSING, STORAGE, AND PREPARATION FOR USE 
In 1995, the National Heart, Lung, and Blood Institute
funded three UCB banks and six transplant centers to
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Acute lymphocytic leukemia Fanconi’s anemia

Acute myeloid leukemia Severe combined
immunodeficiency

Chronic myelogenous leukemia Severe aplastic
anemia

Juvenile chronic myelogenous Osteopetrosis
leukemia

Chronic lymphocytic leukemia Thalassemia

Hodgkin’s lymphoma Myelofibrosis

Non-Hodgkin’s lymphoma Sickle cell anemia

Neuroblastoma Hurler’s syndrome
Myelodysplastic syn-
drome
Wiskott–Aldrich syn-
drome
Adrenoleukody-strophy
Blackfan–Diamond
Syndrome
Hunter syndrome
Amegakaryocytic
thrombocytopenia
Lesch–Nyhan
Syndrome
Gunther’s disease
Kostman syndrome
X-linked lymphoprolif-
erative disorder

Malignant Nonmalignant

Table 97.1 Diseases treated by UCBT



assist in establishing standard operation procedures for
the collection, processing, and investigation of UCB
use.14 Several modifications of the standard procedure
of UCB processing and storage have been developed to
reduce unit size (and thus storage costs) and enhance
red blood cell (RBC) depletion while maintaining
sterility and HSC composition and activity.20–26 Three
to five milliliters of UCB is removed for HLA-typing, dis-
ease testing, microbiological cultures, progenitor cell
assays, and assessment of total nucleated and CD34� cell
counts. RBC depletion and volume reduction begin with
the addition of 6% hydroxyethyl starch to enhance RBC
sedimentation. The mixture is centrifuged at 50g for
5 minutes. The leukocyte-containing supernatant is then
centrifuged at 400g for 10 min yielding a sediment of
white cells. The leukocyte pellet is resuspended in plasma
and diluted to a final volume of 20 ml. 

UCB is cryopreserved with chilled dimethyl sulfox-
ide to a final concentration of 10% and a total volume
of 25 ml. The sample is placed in aluminum containers
and frozen to –50�C in a –80�C freezer. The UCB unit is
then transferred to a liquid nitrogen storage device
where it may be housed for several years.27

Preparation of a frozen UCB unit for infusion is sim-
ilar to the procedure used for PB stem cell units. The
unit is placed in a sterile, sealable plastic bag, sub-
merged, and gently agitated in a 37�C water bath.
When thawed, equal volumes of 10% dextran and 5%
albumin are added to a volume double of that was
originally collected. The suspension is then cen-
trifuged at 250g for 10 min. The pellet is resuspended
with equal volumes (50 ml) of 10% dextran and 5%
albumin. Samples of the final unit are sent for bacter-
ial and fungal cultures.

HLA TYPING AND UCB TESTING 
UCB is HLA typed and subjected to a standard battery of
laboratory tests prior to storage. More specific testing for
genetic diseases is guided by the donor’s history. As a
result of the prospective HLA typing and testing, the
time required to find a UCB donor and proceed to trans-
plantation is significantly reduced compared to that
required for BM sources28 (Table 97.2). HLA typing in
preparation for allogeneic transplantation has largely
focused on class I (HLA-A and HLA-B) and class II (DRB)
antigens. Class I antigens are typed by serologic methods
(microlymphocytotoxicity assay), while class II antigens
are identified with molecular biology techniques (low-
and high-resolution polymerase chain reaction (PCR)).
HLA typing of UCB poses certain obstacles, particularly
for the serologic assays. Available tissue is often limited
due to efforts to maximize the volume of cells available
for infusion. The sample size may be inadequate for
either initial or repeat typing efforts. In addition, inter-
ference with serologic reagents, a high background of
dead cells, and contamination of the sample with imma-
ture erythroblasts and early myeloid cells may make the
results uninterpretable. Given this, recent interest in

molecular typing of class I antigens has been generated.
A review of 1644 UCB units deemed 14.5% of the sero-
logically HLA-typed class I antigens unsatisfactory due
to cross-reactions, false positives, unclear split assess-
ments, or an inability to perform the assay due to poor
cell viability.29 Of these unreliable samples 100 were ana-
lyzed using molecular biology (PCR) methods, which
found that the initial serologic HLA type was incorrectly
determined in 56.7% of the units. Nearly 20% could not
be typed due to high cell mortality. Similar results were
reported in a separate review of over 200 consecutively
HLA-typed UCB units.30

UCB BIOLOGIC CHARACTERIZATION AND
IMMUNE RECONSTITUTION

Successful allogeneic transplantation relies on hematopoi-
etic recovery and immune reconstitution and maturation,
processes that depend in part on the cellular components
of the graft. HSCs can be identified by in vitro colony
assays and can be further characterized phenotypically
using flow cytometric techniques. Human HSCs have
been defined as either pluripotent or lineage com-
mitted. Pluripotent HSCs have the capacity for both
self-renewal and sustained differentiation, whereas
lineage-committed human HSCs have the potential
for self-renewal but are destined to differentiate
along a specific hematopoietic lineage. Pluripotent
HSCs are CD34�CD38�CD90� HLA-DR�. Lineage-
committed HSCs are CD34�38�, with coexpression
of either CD33 (myeloid), CD15 (late myeloid),
CD64 (granulomonocytic), CD71 (erythroid), CD61
(megakaryocytic), CD7 (T cell), or CD19 (B cell) anti-
gens. UCB contains a disproportionately higher number
of phenotypically immature HSCs. UCB immune func-
tion is also thought to be immature. In vitro, UCB T
cells demonstrate decreased allogeneic responses fol-
lowing primary antigen stimulation.31,32
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ABO and Rh blood group antigens

Blood group antibody screen

HLA class I and II typing

Hemoglobin electrophoresis

G-6PD activity

Osmotic fragility and spectrin/ankrin analysis

VDRL/RPR

Bacterial and fungal cultures

Cytomegalovirus (CMV) IgM antibody

Hepatitis B virus core antibody and surface antigen

Hepatitis C virus antibody and PCR

Human immunodeficiency virus (HIV) ELISA/Western Blot,
p24 antigen, and PCR
Human T-lymphocyte virus (HTLV) I, II ELISA/Western Blot

Table 97.2 Tests commonly performed on UCB



Following allogeneic stem cell transplant, engraft-
ment is dependent on pluripotent and myeloid lin-
eage-committed HSCs. B-cell reconstitution begins
with differentiation of donor-derived HSCs and
CD34�CD38�CD19�CD20� B-lineage committed
HSCs in the PB and BM. T-cell reconstitution is
believed to occur initially by a thymic-independent
pathway. Antigen stimulation drives the conversion
of naïve CD45RA�CD45RO� T cells present in the
allograft to memory CD45RA–CD45RO� T cells with
resultant limited T-cell receptor (TCR) diversity.33–35

Following this, a thymic-dependent pathway is
responsible for further immune reconstitution.
CD34�CD38�CD7�CD3� T-lineage-specific HSCs
repopulate in the BM and migrate to the thymus.
These HSCs down-regulate CD34 antigen and even-
tually become CD4�CD8� T-cell precursors. TCRs are
up-regulated as is CD3 antigen. CD4 or CD8 antigen
is then selectively lost, resulting in a more durable
and diverse naïve CD45RA+CD45RO� CD4� or CD8�

T-cell repertoire.33,36,37

BIOLOGIC CHARACTERIZATION
Comparative flow cytometry analyses of the cellular
content of UCB, BM, and PB units have been per-
formed.38,39 The absolute number of pluripotent HSCs
was significantly reduced in UCB units as compared to
BM and PB units. A mean of 0.21 � 106 cells/UCB unit
was approximately 1/10 that of the other sources, but
these HSCs were present at a higher frequency (UCB
3.39%, BM 1.47%, PB 1.82%). UCB units also pos-
sessed a significantly lower absolute number of
myeloid-committed HSCs (26–65 fold) and fewer total
lymphocytes (0.59 � 109 cells/unit) as compared to
BM and PB sources. Of these lymphocytes, the fre-
quency of B cells in UCB samples (18.5%) was similar
to BM units and approximately twice that of PB units.
The percentage of B-lineage-specific HSCs was greater
in UCB units (3.79%) as compared to PB units,
although no difference was detected in the frequency
of immature CD19�CD20� B cells and mature
CD19�CD20� B cells. The proportion of T cells in UCB
samples (58%) was similar to that of BM, both of
which were decreased as compared to PB samples
(71.2%). T-lineage-specific HSCs were present at a
three- to fourfold higher frequency in UCB units
(12.1%) as compared to BM and PB units. UCB units also
had a higher frequency of naïve CD45RA�CD45RO�

CD4� and CD8� cells. The percentage of NK cells
(CD3�CD16/56�) was highest in UCB units as compared
to that in BM and PB sources (24.8%, 15.0%, and 8.5%,
respectively).

IMMUNE RECONSTITUTION
Following UCBT, B-cell recovery is commonly
regained within weeks, while T-cell competence is
often not complete for 12–36 or more months.
Quantitative assessment of immune reconstitution

may be performed by determining lymphocyte subset
counts. Qualitative determination may be undertaken
by evaluation of T-cell-receptor excision circles
(TRECs)—stable, nonreplicating episomal DNA by-
products of the TCR rearrangement process. TRECs
provide an estimate of the thymus’s ability to produce
new T cells.40 Analysis of TCR V�-chain complimen-
tary determining region 3 (CDR3) is a measure of TCR
diversity.41

Quantitative immune reconstitution in children
the first 100 days post-UCBT has been evaluated.42 B-
cell counts increased to normal levels 30–90 days post-
transplant as did serum immunoglobulin levels. NK
cell counts remained within the normal range during
the first 100 days. CD4� and CD8� T-cell counts did
not recover during this period. Additional pediatric
patients were followed several months post-UCBT.43

CD4� and CD8� cells recovered at medians of 12 and 
9 months. Multivariate analysis of factors affecting
lymphocyte subsets revealed that GVHD had an
adverse affect on CD4� recovery. Recipients of unre-
lated-donor grafts had worse CD8� recovery. A sepa-
rate analysis in children found that naïve and memory
T-cell counts reached normal levels between 6 and 12
months post-UCBT in children. In adults, CD4� and
CD8� T cells did not reach normal levels until 2 years
post-UCBT, while naïve and memory T-cell recovery
were delayed until 3 years post-UCBT.44 TREC determi-
nation and V�-chain TCR CDR3 analysis following
UCBT has been assessed in both children and
adults.44,45 TREC levels and V�-chain TCR diversity
were limited in both populations in the first 2–6
months post-UCBT. In children, TCR diversity broad-
ened as early as 9 months; TREC levels were detectable
1 year post-UCBT. In adults, development of TCR diver-
sity was delayed until nearly 3 years post-UCBT. TREC
levels were first detected at 18 months. Increasing
TREC levels in both children and adults coincided with
the appearance of naïve CD4� T cells. These data sug-
gest that the antigen-driven peripheral expansion of T
cells following pediatric UCBT is more short lived as a
result of earlier thymic-dependent immune reconstitu-
tion. Following adult UCBT, thymic-dependent
immune reconstitution is more delayed. 

CLINICAL DATA 

The promising results of UCB as an alternative source
of HSCs in pediatric related- and unrelated-donor trans-
plantation generated worldwide interest. In 1992, in an
attempt to more quickly learn the true risks and benefits
of UCBT, the International Cord Blood Transplant
Registry (ICBTR), now a part of the International Bone
Marrow Transplant Registry (IBMTR), was established as
a repository of clinical data on the outcomes of
patients who received UCB. EuroCord, a registry and
forum for the development of cooperative studies
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within the European community, was formed in 1995.
Success in the pediatric population eventually led to
UCBT for adult diseases. Analyses of UCBT clinical
data have shown that the most important factor in
predicting the rate and likelihood of engraftment is
the number of nucleated cells infused (cell dose 


TNC/kg). On the basis of the increased body mass of
adults, the reduced cell dose limits the utility of UCB
in this population. GVHD appears to occur less fre-
quently following UCBT as compared to transplanta-
tion from BM and PB sources. This is thought to be a
consequence of the immature immune characteristics
of UCB. As a result of the reduced rates of GVHD, a
greater degree of HLA disparity is allowed, further
enlarging the potential-donor pool. Given the imma-
ture immune function of UCB grafts, a diminished
graft-versus-leukemia (GVL) effect has been postulated
but not observed. GVL effect following UCBT is
believed to be the result of early CD3�CD16/56� NK-
cell recovery eventually followed by T-cell reconstitu-
tion. Transplant-related mortality (TRM) following
UCBT remains a significant limitation, particularly in
the adult population, and is most often a result of the
conditioning regimen, failed or delayed engraftment
(infection and/or hemorrhage), or GVHD. 

PEDIATRIC RELATED-DONOR UCBT
The clinical data reported on pediatric related-donor
UCBT are largely based on the experiences of the
ICBTR46,47 and the EuroCord Registry48–50 (Table 97.3).
The ICBTR reported on 74 children with a median age
of 4.9 years. Both malignant and nonmalignant dis-
eases were treated. The conditioning regimen was total
body irradiation (TBI) based in half of the patients.
GVHD prophylaxis consisted of cyclosporine and
either prednisone or methotrexate. HLA type was iden-
tical or disparate at one locus in 75% of the patients.
The EuroCord Registry reported on 138 patients with a
median age of 5 years, 63% of whom had a malignant
disease. The conditioning regimen varied according to
disease and age, but again was TBI based in approxi-
mately half of the patients. GVHD prophylaxis con-
sisted mainly of cyclosporine. The majority of the
grafts were HLA identical. 

The ICBTR reported a 91% engraftment rate at day
60 with median neutrophil recovery at 22 days in
closely HLA-matched patients. Platelet recovery
occurred at a median of 51 days. There was no statisti-
cal correlation between engraftment and cell dose. The
EuroCord Registry noted an 83% probability of
engraftment with neutrophil recovery occurring at a
median of 26 days. This was associated with a cell dose
of �3.7 � 107/kg.

The ICBTR recorded a 3% rate of acute GVHD in
patients with 0–1 HLA mismatch, followed by three
cases of chronic GVHD. The EuroCord Registry
reported acute grade II–IV GVHD in 20% of patients
and chronic GVHD in 6%. Fifty percent of patients

with any HLA disparity developed grade II–IV GVHD,
while only 9% did so in HLA-identical transplants. 

Initial reports from the ICBTR and EuroCord
Registry noted relapse in 49 and 22% of patients with
malignancies. The ICBTR reported a 46% event-free
survival (EFS) for patients with a malignant disease
compared to 78% for patients with a nonmalignant
condition. The overall survival (OS) for all patients
was 62%, with a median follow-up of 1.6 years.
Those who were HLA matched or disparate at one
loci had a higher OS of 72%. The EuroCord Registry
reported an OS of 63% at 1 year. The 2-year OS varied
with disease—46% in patients with malignancies,
76% with aplastic anemia, 79% with inborn errors of
metabolism, and 100% with hemoglobinopathies.
OS correlated with infusion of �3.7 ( 107 TNC/kg, HLA
identity (73% if HLA-identical and 33% with any HLA-
disparity), age �6, weight �20 kg, and negative
cytomegalovirus (CMV) serology.

In a multivariate analysis of data from the EuroCord
Registry after related-donor HLA-matched UCBTs and
SCTs, it was found that neutrophil and platelet recovery
following UCBT were delayed as compared to that in
SCT. Rates of acute and chronic GVHD were reduced fol-
lowing UCBT (RR 0.40 and 0.35, respectively). Survival
was similar.51

PEDIATRIC UNRELATED-DONOR UCBT 
Data regarding pediatric unrelated-donor UCBT, of
which nearly two-thirds were in patients with malig-
nant diseases, have been reported by at least four
sources: Minnesota/Duke,46,52,53 New York Blood
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Cell Dose (TNC/kg) 4.7 � 107 4.0 � 107

Engraftment %: median 91%a 83%
days to neutrophil 
recovery 22 26

Acute GVHD 3% 20%

TRM NA NA

Relapse 49% 22%

Survival: 46%b NA
EFS 76%c

OS 62%d 63%e

ICBTR46,47 EuroCord48–50

Table 97.3 Pediatric related donor UCBT

UCBT, umbilical cord blood transplantation; ICBTR, International
Cord Blood Transplant Registry; TNC, total nucleated cells; GVHD,
graft-versus-host disease; TRM, transplant-related mortality; EFS,
event-free survival; OS, overall survival; NA, not available.
aObserved at 60 days.
bObserved in patients with malignant diseases.
cObserved in patients with nonmalignant diseases.
dObserved at 1.6 years.
eObserved at 1 year.



Center (NYBC) (IBMTR)54 EuroCord Registry,49,50,55

and Minnesota56 (Table 97.4). The Minnesota/Duke
group reported on 85 children with a median age of
5.6 years. The conditioning regimen varied, as did
GVHD prophylaxis. Eleven percent were HLA identi-
cal, 35% were disparate at one locus, and the remain-
ing grafts were mismatched at �2 loci. The NYBC reg-
istry (IBMTR) reported on 562 patients (460 of which
were pediatric). Seven percent of the grafts were HLA
identical, 39% were disparate at one locus, and 54%
were mismatched at �2 loci. The EuroCord Registry
reported on 291 patients with a median age of 5
years. The conditioning regimen varied according to
disease. Seventeen percent were HLA identical with
the remaining disparate at �1 loci. The Minnesota
group reported on 102 patients (80 of which were
pediatric). The median age was 7.4 years and the
median weight was 25.9 kg. The conditioning regi-
men was mainly TBI/Cyclophosphamide(Cy). All
patients received antithymocyte globulin (ATG).
GVHD prophylaxis was largely cyclosporine and
methylprednisolone. Fourteen percent were HLA
identical, 43% were disparate at one locus, and the
remaining grafts were mismatched at �2 loci. 

The Minnesota/Duke group reported engraftment in
94% of the patients at a median of 24 days. Engraftment

correlated with a cell dose �3 � 107/kg. The early use of
granulocyte colony-stimulating factor and a condi-
tioning regimen other than TBI also improved
hematopoietic recovery. The IBMTR noted a median
time to neutrophil recovery of 28 days. Ninety-one
percent of the patients recovered their neutrophil
counts by day 60. More rapid engraftment was associ-
ated with a greater number of UCB unit precryopreser-
vation leukocytes and greater HLA identity. Platelet
engraftment occurred in 58% of the patients by day
100 and 85% by day 180, with more rapid recovery in
younger patients and those without infection or
GVHD. The EuroCord Registry observed neutrophil
recovery in 82% of the patients by day 60. The median
time to recovery was 29 days. In a subgroup analysis,
79% of the patients with acute leukemia recovered
neutrophil counts by 60 days. This correlated with a
cell dose �3.7 � 107/kg. The Minnesota group
recorded an engraftment rate of 88% by day 42. The
median time to neutrophil recovery was 23 days and
correlated with a CD34� cell dose �1.7 � 105/kg.
Platelet recovery occurred in 65% of the patients by six
months, with a median time to recovery of 86 days.
Platelet recovery was associated with younger age,
higher CD34� cell dose, and the lack of acute grade
III–IV GVHD. 
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Cell Dose (TNC/kg) 4.0 � 107 NA 4.5 � 107 3.1 � 107

Engraftment: %94% 91%a 82%a 88%b

median days to 24 28 29 23
neutrophil recovery

Acute GVHD:
grade II–IV 40% 44% 39% 39%
grade III–IV 10% 22% NA 11%

TRM NA NA 34%c 30%e

65%d 35%f

Relapse NA 14%g 31%c 37%f

77%d

Survival:
EFS NA 54%h 36%f NA
OS 40%f NA NA 58%e

47%f

Minnesota/Duke46,52,53 IMBTR54 EuroCord49,50,55 Minnesota56

Table 97.4 Pediatric unrelated donor UCBT

UCBT, umbilical cord blood transplantation; ICBTR, International Cord Blood Transplant Registry; TNC, total nucleated cells; GVHD,
graft-versus-host disease; TRM, transplant-related mortality; EFS, event-free survival; OS, overall survival; NA, not available.
aObserved at 60 days.
bObserved at 42 days
cObserved in good risk malignancies.
dObserved in advanced malignancies.
eObserved at 1 year.
fObserved at 2 years.
gObserved in patients with leukemia.
hObserved at 100 days.



The Minnesota/Duke group noted acute grade II–IV
GVHD in 40% of the patients and grade III–IV GVHD
in 10%. No association between HLA disparity and
acute GVHD was observed. The IBMTR, EuroCord
Registry, and Minnesota group reported similar rates
of acute grade II–IV GVHD. The IBMTR reported a
trend (p 
 0.06) toward significance of an association
between acute GVHD and HLA disparity. The observed
rates of chronic GVHD from these sources ranged from
9 to 25%. 

The EuroCord Registry’s subgroup analysis of
patients with acute leukemia noted a 1-year TRM of
34% in those with good risk disease as compared to
65% in those with advanced disease. The Minnesota
group reported 1- and 2-year TRM rates of 30 and 35%.
By univariate analysis, a reduction in 1-year TRM to
20% was demonstrated if the CD34� cell dose was
�1.7 � 105/kg. Reduced TRM was also predicted by
younger age, higher cell dose, and the absence of
severe GVHD. By Cox regression analysis, CD34� cell
dose, development of severe GVHD, and age were the
only factors predictive of TRM. The IBMTR noted
relapse in 14% of the patients with leukemia. Higher
rates were seen in patients with advanced disease and
acute myeloid leukemia (AML). The EuroCord Registry
reported relapse in 31% of the patients with good risk
leukemia as compared to 77% in patients with poor
risk disease. The Minnesota group observed a 37%
cumulative incidence of relapse at 2 years. By Cox
regression analysis, this was associated with age and
malignancy risk group, but not cell dose, HLA match,
or prior acute/chronic GVHD. 

The IBMTR reported a 54% EFS at 100 days. By mul-
tivariate analysis, correlation was noted between EFS
and cell dose, HLA identity, diagnosis (CML � Fanconi
anemia � severe aplastic anemia), younger age, and
the location of the transplantation center. The
EuroCord Registry reported a 2-year EFS of 21% in
patients with aplastic anemia, 36% with malignant
diseases, and 51% with inborn errors of metabolism.
Of the patients with acute leukemia, the 2-year EFS
was 49% in good risk patients as compared to 8% in
those with advanced disease. The Minnesota/Duke
group reported a 40% OS at 2 years. The Minnesota
group observed an OS of 58% at 1 year and 47% at 
2 years. The OS increased to 70% at 1 year in patients
receiving �1.7 � 105 CD34� cells/kg. By univariate
analysis, OS was associated with younger age, nonma-
lignant disease, higher cell dose, and the absence of
severe GVHD. By Cox regression analysis, HLA match,
CD34� cell dose, and absence of severe GVHD pre-
dicted OS.

The EuroCord Registry completed a comparative
analysis of pediatric unrelated UCBTs and unmanipu-
lated or T-cell depleted SCTs in patients with acute
leukemia.57 The majority of UCBTs were HLA mis-
matched. The median cell dose for those undergoing

UCBT was 3.8 � 107/kg. Disease characteristics, condi-
tioning regimens, and GVHD prophylaxis varied. A
delay in neutrophil engraftment was noted in those
undergoing UCBT (32 days as compared to 18 and 16
days in unmanipulated and T-cell depleted SCT,
respectively). The rate of acute grade II–IV GVHD was
reduced in UCBTs (35% as compared to 58 and 20%).
A greater early TRM was observed in UCBTs (39%).
Two-year EFS was improved in unmanipulated SCTs
(43%), but was similar in T-cell depleted SCTs and
UCBTs (37%, and 31%, respectively).

PEDIATRIC UNRELATED-DONOR UCBT FOR
MALIGNANT DISEASES
The EuroCord Registry reported unrelated-donor
UCBT data from 95 children (median age 4.8 years)
with AML.58 Eight percent were HLA identical, 46%
were disparate at one locus, and 43% were mis-
matched at �2 loci. The median cell dose was 4.4 �
107/kg. The median time to neutrophil recovery was
26 days. By multivariate analysis, neutrophil recovery
correlated with the status of disease at transplanta-
tion and the use of hematopoietic growth factor
immediately post-UCBT. Acute GVHD was seen in
35% of patients and was not predicted by HLA dis-
parity. Chronic GVHD was noted in 5 of 53 patients.
The 100-day TRM was 20%. Relapse occurred in 26%
of the patients and was associated with weight �21
kg and active disease at the time of transplantation.
The 2-year EFS was 42% with an OS of 49%. Disease
status and major ABO incompatibility predicted EFS
and OS.

PEDIATRIC UCBT FOR NONMALIGNANT DISEASES
Data regarding pediatric UCBT for nonmalignant dis-
eases are limited to abstract reports59–62 and publica-
tions by Locatelli et al.63 and Staba et al.64 Locatelli et
al. reported on 44 patients, three-quarters of whom
had a hemoglobinopathy/thalassemia and one-quarter
had sickle cell disease (SCD). The UCB donor was
related in all transplants. Ninety-three percent of the
grafts were HLA identical. Neutrophil recovery at 60
days occurred in 89% of the patients. The median time
to neutrophil recovery was 23 days. Platelet recovery
was reported in 90% of the patients at a median of 39
days. Acute GVHD developed in 11% of the patients.
The 2-year Kaplan-Meier estimate of EFS was 79% for
patients with thalassemia and 90% for those with SCD.
OS was 100%. 

Staba et al. reported on 20 consecutive patients with
Hurler’s syndrome. All UCB donors were unrelated.
The median age was 11 months. One patient was HLA
identical, 11 were disparate at one locus, and the
remaining grafts were mismatched at �2 loci. The con-
ditioning regimen was Busulfan(Bu)/Cy/ATG. GVHD
prophylaxis consisted of cyclosporine and methyl-
prednisolone. The mean cell dose was 8.34 � 107/kg
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and the mean number of CD34� cells infused was
2.51 � 105/kg. The median time to neutrophil recov-
ery was 24 days. Twenty-five percent of patients devel-
oped acute grade II–IV GVHD. Two patients developed
chronic GVHD. The EFS at a median of 905 days was
85%.

ADULT UNRELATED-DONOR UCBT 
Adult unrelated-donor UCBT has been performed
predominantly in relapsed hematological malignan-
cies, with the exception of a small series of patients
with de novo AML.65 The adult UCBT data are less
mature than those of the pediatric population, yet
reasonable rates of engraftment have been observed.
Unfortunately, high TRM rates and marginal sur-
vival limit this treatment option to a select group of
adult patients. The data have been reported in
abstract form66–68 and from the following sources:
EuroCord,50,69 Laughlin et al.,70 Sanz et al.,71 and
Duke72,73(Table 97.5). The EuroCord Registry reported
on 108 patients with a median age of 26 years and a
median weight of 60 kg. GVHD prophylaxis was pre-
dominantly cyclosporine and corticosteroids. 6% of
the grafts were HLA identical, 35% were disparate at
one locus, and 59% were mismatched at �2 loci.
Laughlin et al. reported on 68 patients with a
median age of 31.4 years and a median weight of
69.2 kg. The conditioning regimen was largely TBI

based/ATG. GVHD prophylaxis was cyclosporine
alone or cyclosporine and methylprednisolone. Two
grafts were HLA identical, 26% were disparate at one
locus, and 71% were mismatched at �2 loci. Sanz et al.
reported on 22 patients with a median age of 29 years
and a median weight of 69.5 kg. The conditioning reg-
imen consisted of Bu/Cy/ATG/thiotepa. GVHD pro-
phylaxis was cyclosporine and prednisone. One graft
was HLA identical, 13 were disparate at one locus, and
8 were mismatched at �2 loci. The Duke group
reported on 57 patients with a median age of 31 years
and a median weight of 70 kg. The conditioning regi-
men was TBI or Bu based plus ATG. GVHD prophy-
laxis was cyclosporine and methylprednisolone. Two
grafts were HLA identical, eight were disparate at one
locus, and the remaining grafts were mismatched at
�2 loci. 

The EuroCord Registry reported engraftment in
81% of the patients at 60 days. The median time to
neutrophil recovery was 32 days and was associated
with a cell dose �1.7 � 107/kg. Laughlin et al. reported
a 90% engraftment rate at 42 days. The median time to
neutrophil recovery was 27 days, while the median
times to platelet and RBC recovery were 58 and 60
days, respectively. The neutrophil recovery rate was
more rapid if the TNC count before freezing was
�1.87 � 107/kg. Sanz et al. observed engraftment in all
20 patients who survived longer than 30 days. The
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Median cell dose (TNC/kg) 1.7 � 107 1.6 � 107 1.71 � 107 1.6 � 107

Engraftment: % 81%a 100%a 91%b 80%c

median days to 32 27 22 26
neutrophil recovery

Acute GVHD:
grade II–IV 38% 60% NA 41%
grade III–IV NA 20% NA 22%

TRM 50%d 50%d 43%d 56%

Relapse NA 4/54e 0 7/25e

Survival: 
EFS 21%g 26%h 53%g 15%k

OS 27%g 28%i 55%j 19%k

EuroCord50,69 Laughlin et al.70 Sanz et al.71 Duke72,73

Table 97.5 Adult unrelated donor UCBT

UCBT, umbilical cord blood transplantation; ICBTR, International Cord Blood Transplant Registry; TNC, total nucleated cells; GVHD,
graft-versus-host disease; TRM, transplant-related mortality; EFS, event-free survival; OS, overall survival; NA, not available.
aObserved at 60 days.
bObserved at 30 days.
cObserved at 50 days.
dObserved at 100 days.
eObserved in 4 of 54 patients with malignancies.
fObserved in 7 of 25 patients with malignancies that engrafted and survived 100 days.
gObserved at 1 year.
hObserved at 40 months.
iObserved at 22 months.
jObserved at 8 months.
kObserved at 3 years.



median time to neutrophil recovery was 22 days. The
Duke group recorded a median time to neutrophil
recovery of 26 days. No association was noted with cell
dose. The median time to platelet recovery was 84 days
and was predicted by a CD34� cell dose �1.37 �

105/kg.
The EuroCord Registry documented acute GVHD in

38% of the patients and chronic GVHD in 26%.
Laughlin et al. noted acute grade II–IV GVHD in 60%
of the patients and grade III–IV GVHD in 20%. Sanz
et al. reported similar rates. Long et al. noted grade II–IV
GVHD in 30% of the patients and grade III–IV GVHD in
16%. Eight of 25 evaluable patients developed chronic
GVHD.

The EuroCord Registry experienced a TRM of 56%
at 180 days. This was improved with a cell dose �2.0 �

107/kg, greater HLA identity, inactive disease, and
transplantation after 1998. Laughlin et al. noted a
100-day TRM of 50%, similar to that reported by Sanz
et al. and Long et al. The EuroCord Registry noted a
“low” rate of relapse, as did Laughlin et al. (4 of 54
patients with a malignancy). Sanz et al. did not report
any relapses. The Duke group observed relapse in 7 of
25 patients who engrafted and survived longer than
100 days. 

The EFS reported by the EuroCord Registry was 21%
at 1 year. Laughlin et al. noted a 26% EFS at 22
months. This correlated with a CD34� dose �1.2 �

105/kg. Long et al. recorded a 3-year EFS of 15%,
improved with age �32 years. The EuroCord Registry
reported an OS of 27% at 1 year. This was improved in
patients with CML in chronic phase or acute leukemia
in CR1/CR2. The cell dose was also important since

those patients who received �1 � 107/kg had a 75%
probability of death as compared to 30% if the dose
was �3 � 107/kg. Laughlin et al. noted an OS of 28%
at 22 months. Sanz et al. observed an 8-month OS of
55% (five patients had CML). Long et al. reported a 
3-year OS of 19%.

CURRENT AND FUTURE DIRECTIONS

Delayed engraftment with prolonged neutropenia
following UCBT may lead to life-threatening infec-
tions. Cell dose has been shown to be critical in pre-
dicting the rate of engraftment. Investigators have
developed techniques to increase the number of UCB
stem cells available for transplantation by ex vivo
expansion, with the goal of shortening the period of
neutropenia.74–77 These preclinical advances are yet to
be translated into improved clinical outcomes.
Preliminary results of multidonor, pooled UCB units
have been reported in a small series of adult
patients.78 TRM is a major complication of allogeneic
SCT. Toxicities of the conditioning regimens often
limit allogeneic transplantation to younger patients
with relatively few comorbidities. In efforts to expand
this therapy to older and more frail patients, nonmye-
loablative conditioning regimens have been devel-
oped. These regimens have been applied in small
series of adult UCBTs.79–85 High rates of engraftment
(cumulative incidence of 94% with median neu-
trophil recovery in 9.5 days), severe GVHD (9%), TRM
(28%), and survival (EFS 31% and OS 39%) have been
reported.79

Chapter 97 ■ Umbilical Cord Blood Transplantation 1047

REFERENCES

1. Traycoff CM, Kosak ST, Grigsby S, et al.: Evaluation of ex
vivo expansion potential of cord blood and bone mar-
row hematopoietic progenitor cells using cell tracking
and limiting dilution analysis. Blood 85:2059–2068,
1995.

2. Cairo MS, Law P, van de Ven C, et al.: The in vitro effects
of stem cell factor and PIXY321 on myeloid progenitor
formation (CFU-GM) from immunomagnetic separated
CD34� cord blood. Pediatr Res 32:277–281, 1992.

3. van de Ven C, Ishizawa L, Law P, et al.: IL-11 in combi-
nation with SLF and G-CSF or GM-CSF significantly
increases expansion of isolated CD34� cell population
from cord blood vs. adult bone marrow. Exp Hematol
23:1289–1295, 1995.

4. Lu L, Xiao M, Shen RN, et al.: Enrichment, characteriza-
tion, and responsiveness of single primitive CD34
human umbilical cord blood hematopoietic progenitors
with high proliferative and replating potential. Blood
81:41–48, 1993.

5. Gluckman E, Broxmeyer HA, Auerbach AD, et al.:
Hematopoietic reconstitution in a patient with Fanconi’s
anemia by means of umbilical-cord blood from an HLA-
identical sibling. N Engl J Med 321:1174–1178, 1989.

6. Kurtzberg J, Graham M, Casey J, et al.: The use of umbil-
ical cord blood in mismatched related and unrelated
hemopoietic stem cell transplantation. Blood Cells
20:275–283, 1994; discussion: 284.

7. Sanz MA, Sanz GF: Unrelated donor umbilical cord blood
transplantation in adults. Leukemia 16:1984–1991, 2002.

8. Armitage JO: Bone marrow transplantation. N Engl J Med
330:827–838, 1994.

9. Confer D: Unrelated marrow donor registries. Curr Opin
Hematol 4:408–412, 1997.

10. bmdw.org/Addresses/USA.html.
11. Burgio GR, Gluckman E, Locatelli F: Ethical reappraisal

of 15 years of cord-blood transplantation. Lancet
361:250–252, 2003.

12. Sugarman J, Reisner EG, Kurtzberg J: Ethical aspects of
banking placental blood for transplantation. JAMA
274:1783–1785, 1995.

13. Vawter DE, Rogers-Chrysler G, Clay M, et al.: A phased
consent policy for cord blood donation. Transfusion
42:1268–1274, 2002.

14. Fraser JK, Cairo MS, Wagner EL, et al.: Cord Blood
Transplantation Study (COBLT): cord blood bank standard
operating procedures. J Hematother 7:521–561, 1998.



15. Nakagawa R, Watanabe T, Kawano Y, et al.: Analysis of
maternal and neonatal factors that influence the nucle-
ated and CD34� cell yield for cord blood banking.
Transfusion 44:262–267, 2004.

16. Ballen KK, Wilson M, Wuu J, et al.: Bigger is better:
maternal and neonatal predictors of hematopoietic
potential of umbilical cord blood units. Bone Marrow
Transplant 27:7–14, 2001.

17. Surbek DV, Schonfeld B, Tichelli A, et al.: Optimizing
cord blood mononuclear cell yield: a randomized com-
parison of collection before vs after placenta delivery.
Bone Marrow Transplant 22:311–312, 1998.

18. Solves P, Moraga R, Saucedo E, et al.: Comparison
between two strategies for umbilical cord blood collec-
tion. Bone Marrow Transplant 31:269–273, 2003.

19. Lasky LC, Lane TA, Miller JP, et al.: In utero or ex utero
cord blood collection: which is better? Transfusion 42:
1261–1267, 2002.

20. Bertolini F, Battaglia M, Zibera C, et al.: A new method
for placental/cord blood processing in the collection
bag. I: Analysis of factors involved in red blood cell
removal. Bone Marrow Transplant 18:783–786, 1996.

21. Nagler A, Peacock M, Tantoco M, et al.: Separation of
hematopoietic progenitor cells from human umbilical
cord blood. J Hematother 2:243–245, 1993.

22. Harris DT, Schumacher MJ, Rychlik S, et al.: Collection,
separation and cryopreservation of umbilical cord blood
for use in transplantation. Bone Marrow Transplant
13:135–143, 1994.

23. Sousa T, de Sousa ME, Godinho MI, et al.: Umbilical
cord blood processing: volume reduction and recovery
of CD34� cells. Bone Marrow Transplant 19:311–313,
1997.

24. Armitage S, Fehily D, Dickinson A, et al.: Cord blood
banking: volume reduction of cord blood units using a
semi-automated closed system. Bone Marrow Transplant
23:505–509, 1999.

25. M-Reboredo N, Diaz A, Castro A, et al.: Collection, pro-
cessing and cryopreservation of umbilical cord blood for
unrelated transplantation. Bone Marrow Transplant
26:1263–1270, 2000.

26. Rubinstein P, Dobrila L, Rosenfield RE, et al.: Processing
and cryopreservation of placental/umbilical cord blood
for unrelated bone marrow reconstitution. Proc Natl
Acad Sci USA 92:10119–10122, 1995.

27. Broxmeyer HE, Cooper S: High-efficiency recovery of
immature haematopoietic progenitor cells with exten-
sive proliferative capacity from human cord blood cry-
opreserved for 10 years. Clin Exp Immunol 107(suppl 1):
45–53, 1997.

28. Barker JN, Krepski TP, DeFor TE, et al.: Searching for
unrelated donor hematopoietic stem cells: availability
and speed of umbilical cord blood versus bone marrow.
Biol Blood Marrow Transplant 8:257–260, 2002.

29. Poli F, Scalamogna M, Crespiatico L, et al.: Comparison
of serological and molecular typing for HLA-A and -B on
cord blood lymphocytes. Tissue Antigens 51:67–71, 1998.

30. Laurenti L, Perrone MP, Bafti MS, et al.: HLA typing
strategies in a cord blood bank. Haematologica 87:
851–854, 2002.

31. Risdon G, Gaddy J, Broxmeyer HE: Allogeneic responses
of human umbilical cord blood. Blood Cells 20:566–570,
1994; discussion: 571–572.

32. Roncarolo MG, Bigler M, Ciuti E, et al.: Immune
responses by cord blood cells. Blood Cells 20:573–585,
1994; discussion: 585–586.

33. Roux E, Helg C, Dumont-Girard F, et al.: Analysis of 
T-cell repopulation after allogeneic bone marrow trans-
plantation: significant differences between recipients of
T-cell depleted and unmanipulated grafts. Blood 87:
3984–3992, 1996.

34. Roux E, Helg C, Chapuis B, et al.: T-cell repertoire com-
plexity after allogeneic bone marrow transplantation.
Hum Immunol 48:135–138, 1996.

35. Dumont-Girard F, Roux E, van Lier RA. et al.:
Reconstitution of the T-cell compartment after bone
marrow transplantation: restoration of the repertoire by
thymic emigrants. Blood 92:4464–4471, 1998.

36. Roux E, Dumont-Girard F, Starobinski M, et al.: Recovery
of immune reactivity after T-cell-depleted bone marrow
transplantation depends on thymic activity. Blood 96:
2299–2303, 2000.

37. Mackall CL, Granger L, Sheard MA, et al.: T-cell regener-
ation after bone marrow transplantation: differential
CD45 isoform expression on thymic-derived versus
thymic-independent progeny. Blood 82:2585–2594,
1993.

38. Theilgaard-Monch K, Raaschou-Jensen K, Schjodt K, et
al.: Pluripotent and myeloid-committed CD34� subsets
in hematopoietic stem cell allografts. Bone Marrow
Transplant 32:1125–1133, 2003.

39. Theilgaard-Monch K, Raaschou-Jensen K, Palm H, et al.:
Flow cytometric assessment of lymphocyte subsets, 
lymphoid progenitors, and hematopoietic stem cells in
allogeneic stem cell grafts. Bone Marrow Transplant 28:
1073–1082, 2001.

40. Bogue M, Roth DB: Mechanism of V(D)J recombination.
Curr Opin Immunol 8:175–180, 1996.

41. Gorski J, Yassai M, Zhu X, et al.: Circulating T cell
repertoire complexity in normal individuals and bone
marrow recipients analyzed by CDR3 size spectratyp-
ing. Correlation with immune status. J Immunol 152:
5109–5119, 1994.

42. Abu-Ghosh A, Goldman S, Slone V, et al.: Immunological
reconstitution and correlation of circulating serum
inflammatory mediators/cytokines with the inci-
dence of acute graft-versus-host disease during the
first 100 days following unrelated umbilical cord
blood transplantation. Bone Marrow Transplant 24:
535–544, 1999.

43. Niehues T, Rocha V, Filipovich AH, et al.: Factors
affecting lymphocyte subset reconstitution after either
related or unrelated cord blood transplantation in
children—a Eurocord analysis. Br J Haematol 114:
42–48, 2001.

44. Klein AK, Patel DD, Gooding ME, et al.: T-cell recovery
in adults and children following umbilical cord blood
transplantation. Biol Blood Marrow Transplant 7:454–466,
2001.

45. Talvensaari K, Clave E, Douay C, et al.: A broad T-cell
repertoire diversity and an efficient thymic function
indicate a favorable long-term immune reconstitution
after cord blood stem cell transplantation. Blood 99:
1458–1464, 2002.

46. Wagner JE, Kurtzberg J: Cord blood stem cells. Curr Opin
Hematol 4:413–418, 1997.

Part V ■ STEM CELL TRANSPLANTATION1048



47. Wagner JE, Kernan NA, Steinbuch M, et al.: Allogeneic
sibling umbilical-cord-blood transplantation in children
with malignant and non-malignant disease. Lancet 346:
214–219, 1995.

48. Rocha V, Chastang C, Souillet G, et al.: Related cord
blood transplants: the Eurocord experience from 78
transplants. Eurocord Transplant group. Bone Marrow
Transplant 21(suppl 3):S59–S62, 1998.

49. Gluckman E, Rocha V, Boyer-Chammard A, et al.:
Outcome of cord-blood transplantation from related
and unrelated donors. Eurocord Transplant Group and
the European Blood and Marrow Transplantation Group.
N Engl J Med 337:373–381, 1997.

50. Gluckman E: Current status of umbilical cord blood
hematopoietic stem cell transplantation. Exp Hematol
28:1197–1205, 2000.

51. Locatelli F, Rocha V, Chastang C, et al.: Factors associ-
ated with outcome after cord blood transplantation in
children with acute leukemia. Eurocord-Cord Blood
Transplant Group. Blood 93:3662–3671, 1999.

52. Kurtzberg J, Laughlin M, Graham ML, et al.: Placental
blood as a source of hematopoietic stem cells for trans-
plantation into unrelated recipients. N Engl J Med 335:
157–166, 1996.

53. Wagner JE, Rosenthal J, Sweetman R, et al.: Successful
transplantation of HLA-matched and HLA-mismatched
umbilical cord blood from unrelated donors: analysis of
engraftment and acute graft-versus-host disease. Blood
88:795–802, 1996.

54. Rubinstein P, Carrier C, Scaradavou A, et al.: Outcomes
among 562 recipients of placental-blood transplants from
unrelated donors. N Engl J Med 339:1565–1577, 1998.

55. Gluckman E, Rocha V, Chastang C: European results of
unrelated cord blood transplants. Eurocord Group. Bone
Marrow Transplant 21(suppl 3):S87–S91, 1998.

56. Wagner JE, Barker JN, DeFor TE, et al.: Transplantation
of unrelated donor umbilical cord blood in 102 patients
with malignant and nonmalignant diseases: influence of
CD34 cell dose and HLA disparity on treatment-related
mortality and survival. Blood 100:1611–1618, 2002.

57. Rocha V, Cornish J, Sievers EL, et al.: Comparison of out-
comes of unrelated bone marrow and umbilical cord
blood transplants in children with acute leukemia. Blood
97:2962–2971, 2001.

58. Michel G, Rocha V, Chevret S, et al.: Unrelated cord
blood transplantation for childhood acute myeloid
leukemia: a Eurocord Group analysis. Blood 102:
4290–4297, 2003.

59. Rocha V, Chastang C, Pasquini R, et al.: Cord blood
transplant in patients with bone marrow failure syn-
dromes. Blood 92:136a, 1998.

60. Howrey R, Martin P, Ciocci G: Unrelated cord blood
transplantation for correction of genetic diseases. Blood
92:291a, 1998.

61. Ortega J, Yaniv L, Rocha V, et al.: Unrelated cord blood
transplantation for inborn errors. Blood 1998:291a, 1998.

62. Ortega J, Rocha V, Wall D, et al.: Unrelated cord blood
transplant in children with severe primary immunodefi-
ciencies. An Eurocord analysis. Blood 98:667a, 2001.

63. Locatelli F, Rocha V, Reed W, et al.: Related umbilical
cord blood transplantation in patients with tha-
lassemia and sickle cell disease. Blood 101:2137–2143,
2003.

64. Staba SL, Escolar ML, Poe M, et al.: Cord-blood trans-
plants from unrelated donors in patients with Hurler’s
syndrome. N Engl J Med 350:1960–1969, 2004.

65. Ooi J, Iseki T, Takahashi S, et al.: Unrelated cord blood
transplantation for adult patients with advanced
myelodysplastic syndrome. Blood 101:4711–4713, 2003.

66. Goldberg S, Chedid S, Jennis A, et al.: Unrelated umbili-
cal cord blood transplantation in adults: a single institu-
tion experience. Blood 96:208a, 2000.

67. Cornetta K, Laughlin M, Carter S, et al.: Umbilical cord
blood transplantation in adults: results of a prospective,
multi-institutional, NHBLI sponsored trial. Blood 100:
42a, 2002.

68. Iseki T, Ooi J, Tomonari A, et al.: Unrelated cord blood
transplantation in adults with hematological malig-
nancy: a single institution experience. Blood 98:665a,
2001.

69. Gluckman E: Hematopoietic stem-cell transplants using
umbilical-cord blood. N Engl J Med 344:1860–1861,
2001.

70. Laughlin MJ, Barker J, Bambach B, et al.: Hematopoietic
engraftment and survival in adult recipients of umbili-
cal-cord blood from unrelated donors. N Engl J Med
344:1815–1822, 2001.

71. Sanz GF, Saavedra S, Planelles D, et al.: Standardized,
unrelated donor cord blood transplantation in adults
with hematologic malignancies. Blood 98:2332–2338,
2001.

72. Long GD, Laughlin M, Madan B, et al.: Unrelated umbil-
ical cord blood transplantation in adult patients. Biol
Blood Marrow Transplant 9:772–780, 2003.

73. Koh L, Chao NJ: Umbilical cord blood transplantation
in adults using myeloablative and nonmyeloablative
preparative regimens. Biol Blood Marrow Transplant
10(1):1–22, 2004.

74. Stiff P, Pecora A, Parthasarathy M, et al.: Umbilical cord
blood transplants in adults using a combination of
unexpanded and ex vivo expanded cells: preliminary
clinical observations. Blood 92:646a, 1998.

75. Shpall E, Quinones R, Hami L, et al.: Transplantation of
cancer patients receiving high dose chemotherapy with
ex vivo expanded cord blood cells. Blood 92:646a,
1998.

76. Pecora A, Stiff P, Jennis A, et al.: Prompt and durable
engraftment in two older adult patients with high risk
chronic myelogenous leukemia (CML) using ex vivo
expanded and unmanipulated unrelated cord blood.
Bone Marrow Transplant 25:797–799, 2000.

77. Jaroscak J, Martin P, Waters-Pick B, et al.: A phase 1 trial
of augmentation of unrelated umbilical cord blood
transplantation with ex vivo expanded cells. Blood 92:
646a, 1998.

78. Barker J, Weisdorf D, DeFor T, et al.: Impact of multiple
unit unrelated donor umbilical cord blood transplanta-
tion in adults: preliminary analysis of safety and effi-
cacy. Blood 98:2791a, 2001.

79. Barker JN, Weisdorf DJ, DeFor TE, et al.: Rapid and com-
plete donor chimerism in adult recipients of unrelated
donor umbilical cord blood transplantation after
reduced-intensity conditioning. Blood 102:1915–1919,
2003.

80. Rizzieri DA, Long GD. Vredenburgh JJ, et al.: Successful
allogeneic engraftment of mismatched unrelated cord

Chapter 97 ■ Umbilical Cord Blood Transplantation 1049



blood following a nonmyeloablative preparative regimen.
Blood 98:3486–3488, 2001.

81. McSweeney P: Nonmyeloablative allogeneic hematopoi-
etic cell transplants: any role for rheumatoid arthritis? 
J Rheumatol Suppl 64:49–54, 2001.

82. McSweeney P, Bearman S, Jones R, et al.:
Nonmyeloablative hematopoietic cell transplants using
cord blood. Blood 98:2794a, 2001.

83. Hwang W, Tan P, Goh Y, et al.: Minimal toxicity of an
immunosuppression-based nonmyeloablative condition-

ing regimen for mismatched unrelated umbilical cord
blood transplantation. Blood 100:5437a, 2002.

84. Cairo M, Harrison L, Del Toro G, et al.: Reduced inten-
sity (RI) umbilical cord blood (UCB) and matched family
donor (MFD) allogeneic stem cell transplantation
(AlloSCT) in children and adolescents with malignant
and nonmalignant disease. Blood 100:5432a, 2002.

85. Goggins T, Rizzieri DR: Nonmyeloablative allogeneic
stem cell transplantation using alternative donors.
Cancer Control 11:86–96, 2004.

Part V ■ STEM CELL TRANSPLANTATION1050



INTRODUCTION

The transplantation of healthy hematopoietic stem
cells into a patient with aplastic anemia or leukemia is
potentially curative therapy, but the development of
graft-versus-host disease (GVHD)—which often occurs
even when the donor and recipient are siblings fully
matched at the HLA loci—significantly limits survival.
The first descriptions of GVHD following allogeneic
bone marrow transplant in humans were made in the
1960s. Significant strides in prophylaxis of GVHD
have been made over the past four decades by the use
of pharmacologic agents such as methotrexate and
cyclosporine and by manipulation of the donor cell
inoculum to limit the infusion of effector donor lym-
phocytes. However, given the extensive clinical obser-
vations and investigations on the nature of this com-
plication, it is remarkable that the diagnosis of GVHD
is still clinically challenging and that this complica-
tion continues to pose a formidable obstacle to success-
ful allogeneic hematopoietic stem cell transplantation
(HSCT). On the other hand, patients with GVHD have
improved leukemia-free survival (the graft-versus-
leukemia (GVL) effect) and this graft-versus-malignancy
(GVM) effect, a beneficial by-product of the alloreac-
tivity of the donor cells, may extend to lymphomas,
myeloma, and even solid tumors.1–4 Thus, a major
question in HSCT biology is how to preserve a GVM
effect while eliminating GVHD. This chapter will
review some of the critical issues in the clinical mani-
festations and pathobiology of GVHD, including the
results of recent investigations using an in vitro lym-
phocyte-skin adhesion assay to better define the mech-
anisms of GVHD. Advances during the past decade in
the prevention and treatment of GVHD including
recent evidence for a role of cellular modulation of
GVHD will also be reviewed.

CLINICAL PRESENTATION AND
PATHOBIOLOGY OF ACUTE GVHD

GVHD occurs in two forms, “acute” and “chronic,”
defined separately by the timing of onset posttrans-
plant and by differences in the clinical presentation
and pathology of affected target organs. Acute GVHD,
by classical definition, is GVHD that occurs within 100
days of HSCT, usually around the time of leukocyte
engraftment or shortly thereafter. Though this opera-
tional term is useful in delineating GVHD occurring
immediately posttransplant from the more indolent
and progressive changes of chronic GVHD, it is impor-
tant to note that acute GVHD can occur beyond 100
days posttransplant, particularly in the setting of donor
lymphocyte infusions (DLI) used in the prevention or
treatment of disease relapse. There are three principal
target tissues affected in acute GVHD—the skin, liver,
and gut. Although the clinical staging and the overall
grading of acute GVHD is based on the relative level of
involvement of these three tissues (Table 98.1), other
organs, especially the lymphoid tissues and the bone
marrow, are targets of the GVHD reaction.

The most common tissue affected in acute GVHD is
the skin, with over 80% of patients with GVHD mani-
festing skin eruptions.5 The typical skin presentation
consists of a maculopapular rash that can resemble a
sunburn, initially involving the ears, neck, shoulders,
upper chest and back, and the palms and soles of the
extremities. The extent of skin surface involved and the
presence of bullae or desquamation define the different
stages of skin involvement. The clinical findings of
cutaneous GVHD are corroborated by histologic analy-
sis of skin biopsy material, and, therefore, discrete
pathologic criteria contribute to the diagnosis of cuta-
neous GVHD (Table 98.1).6 However, the characteristic
pathologic changes of acute cutaneous GVHD are not
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specific for GVHD alone and can occur in a variety of
other cutaneous diseases and reactions. Many skin erup-
tions occur posttransplant in response to the preparative
regimen, hypersensitivity to drugs (e.g., antibiotics),
infections, and even the recovery of leukocytes, and,
therefore, there is no “gold standard” for accurate patho-
logic diagnosis of GVHD.7 Moreover, there is no correla-
tion between the numbers of infiltrating mononuclear
cells or of dyskeratotic cells in skin specimens and the
clinical outcome.7 The diagnosis of cutaneous GVHD is
based on exclusion of other confounding contributors
such as drugs and viral exanthems, and depends upon
clinicopathologic correlation, i.e., clinical history and
manifestations supported by characteristic pathologic
changes. Indeed, the timing of the clinical manifesta-
tions is an important component of the diagnosis, as
some pathologists will consider GVHD in the differen-
tial only if characteristic histopathologic changes occur
during or after engraftment.

Involvement of the gut and liver in GVHD is usually
accompanied by skin changes, but, rarely, these tissues
can be involved separately or together without skin
manifestations. The primary clinical manifestation of
gut GVHD is diarrhea and abdominal pain. The diar-
rhea is initially watery in nature but, commonly,
becomes bloody requiring transfusion support with
platelets and red cells. The volume of diarrhea defines
the different stages of gut involvement. Rectal biopsy
is helpful in the diagnosis of gut GVHD, particularly
when diarrhea occurs in the absence of cutaneous
eruptions. The early finding of lymphocytic infiltrates
at the crypts—accompanied by necrosis and dropout
of crypt cells—is characteristic of the diagnosis, but,
again, is not pathognomonic for GVHD. Like the skin,
different pathologic stages are recognized culminating
in mucosal denudation (grade 4), and the differential
includes drug reactions and infection (particularly
cytomegalovirus infection). Hepatic GVHD is mani-
fested by a rise in the conjugated bilirubin, and the
level of total bilirubin elevation defines the clinical
stages of liver disease. Lymphocytic infiltrates in the
interlobular and marginal bile ducts are characteristic

histopathologic findings, which lead to the clinically
identifiable cholestatic picture.

As mentioned above, the timing of skin, gut, and
liver changes is a critical component of the diagnosis
of GVHD. Although a “hyperacute” form of GVHD can
occur typically in HLA-mismatched donor—recipient
pairs, manifested by fever and markedly accelerating
skin changes with diarrhea and hyperbilirubinemia
before engraftment, most acute GVHD will initially
present about the time of engraftment or thereafter.
Within the past several years, characteristic clinical
findings of an “engraftment syndrome” have been
described in recipients of both autologous and allo-
geneic stem cell transplants.8–10 This syndrome typi-
cally consists of noninfectious fever, a maculopapular
skin eruption resembling GVHD, capillary leak with
resultant weight gain and pulmonary infiltrates/effu-
sions, and, not uncommonly, hyperbilirubinemia and
diarrhea. The fact that these changes occur in autolo-
gous transplant recipients indicates that the patho-
physiology of this entity does not depend on alloreac-
tivity per se. Interestingly, the skin biopsy findings are
consistent with GVHD.8 Treatment of this syndrome
requires prompt administration of corticosteroids to
prevent complications of capillary leak, including
renal dysfunction and pulmonary failure.

The pathophysiology of the engraftment syndrome
may overlap with that of acute GVHD. The common
feature in these entities may be primary endothelial
damage as a consequence of inflammatory mediators
such as IL-2, TNF-� and IFN-�, released locally by infil-
trating perivascular lymphocytes.8,11–13 In GVHD,
however, there is also evidence of direct cell-mediated
immunologic reactivity resulting in microvascular
injury.14 One effect of combining cyclosporin A and
rapamycin is to modify the migration capabilities of
lymphocytes, by altering lymphocyte and/or endothe-
lial adhesive structures mediating lymphocyte recruit-
ment from the vasculature and into the tissue. In this
regard, corticosteroids, the first-line pharmacologic
agents in the treatment of acute GVHD, also pro-
foundly affect lymphocyte migration to lymphoid and
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Normal skin Perivascular Perivascular Grade 2 changes Denudation of
mononuclear mononuclear plus epidermolysis epidermis
cell infiltrates cell infiltrates and bulla formation (separation of

(from fusion of epidermis
basilar vacuoles) from dermis)

Vacuolar degradation of Vacuolar degradation
epidermal–dermal
junction

Dyskeratotic cells or
eosinophilic bodies
in the epidermis

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Table 98.1 Histologic grading for acute cutaneous GVHD



extra-lymphoid tissues,15,16 and decreased lymphocyte
infiltrates in affected tissues are a prognostic sign for
steroid-responsiveness in GVHD therapy.17

In Billingham’s classic description of the elements
required for the development of GVHD,18 three
requirements were emphasized: (1) The host must be
incapable of rejecting the graft; (2) The graft must con-
tain immunocompetent cells; and (3) There must be
incompatibilities in transplantation antigens between
donor and host. Despite the fact that this description
needs to be modified somewhat in light of evidence of
GVHD occurring in the setting of blood transfusions,
solid organ transplants, and in the case of cyclosporin-
induced autologous GVHD (due to induction of
autoreactive T cells19), Billingham’s tenets reflect
important basic principles in the biology of GVHD.
However, given the data reviewed above and the
pathologic evidence of lymphocytic infiltrates consis-
tently accompanying GVHD-induced tissue injury, a
fourth requirement to Billingham’s criteria must be
proposed: effector lymphocytes must migrate to the
target tissues in GVHD. 

The pathologic hallmark of acute GVHD is mononu-
clear cell infiltrates in the involved tissues.20,21 The
pathogenesis of acute GVHD involves the migration of
both alloreactive lymphocytes and of NK cells into tar-
get tissues.22–25 A central role for alloreactive T cells in
the development of GVHD is indicated by the fact that
T-cell depletion of donor marrow significantly abro-
gates the incidence of GVHD.26 Indeed, the lympho-
cytic infiltrates of dermal GVHD are composed of
donor-derived cells.27 Infiltrating NK cells may con-
tribute to tissue damage in GVHD by their local release
of inflammatory cytokines such as TNF-� and IFN-
�.28,29 The NK cell infiltrates are also donor-derived,30

indicating that their localization in tissues is likewise
due to recruitment from the circulation.

PREVENTION OF GVHD

The central dilemma regarding the prevention of
GVHD is how to preserve a potent GVM effect of the
transplant while avoiding the deleterious aspects of
clinical GVHD. Conventional strategies that have been
attempted for the prevention of GVHD have focused
on either pharmacologic intervention or ex vivo T-cell
(or T-cell subset) depletion. More recently, manipula-
tion of the host—donor cellular environment has been
attempted in an effort to dissociate GVM from GVHD.

PHARMACOLOGIC STRATEGIES
The availability of cyclosporine-based pharmacopro-
phylaxis in the early to mid 1980s represented a
major advance in the field of clinical HSCT.
Prospective randomized trials evaluating the combi-
nation of cyclosporine and methotrexate compared
with cyclosporine or methotrexate alone for leukemia

or severe aplastic anemia were conducted.31,32

Significant reductions in the incidence of acute GVHD
were seen in both studies. In the case of transplanta-
tion for hematologic malignancy (acute myelogenous
leukemia in first complete remission or chronic phase
chronic myelogenous leukemia) an overall survival
benefit was realized. However, for severe aplastic ane-
mia a survival difference did not reach statistical sig-
nificance. Pharmacologic GVHD prophylaxis alone
has been shown to be considerably less effective in the
prevention of GVHD following HLA-mismatched
donor HSCT.33,34 For recipients of HLA-2 or -3 antigen
mismatched non-T-cell-depleted transplants, acute
GVHD incidence exceeds 70–80% and transplant-
related mortality is very high.33 Despite these limita-
tions, cyclosporine-based pharmacoprophylactic strate-
gies have had a major impact on the practice of clinical
HSCT. The reduction in acute GVHD-related morbidity
and mortality has allowed for the transplantation of
considerably older patients and of patients without
HLA genotypically identical sibling donors. 

More recently, there have been several reported phar-
macologic advances in the prevention of GVHD (Table
98.2). Triple drug immunoprophylaxis (cyclosporine,
methotrexate, and corticosteroids) has been shown to
be superior to cyclosporine and corticosteroids alone for
the prevention of GVHD following HLA-matched
donor HSCT for hematologic malignancies.35 The lack
of an overall survival benefit (perhaps due to an
impairment of the GVM effect) and an increased infec-
tion risk associated with more intensive immunosup-
pressive regimens have underscored the limitations of
this approach. 

The introduction of tacrolimus has represented an
advance in the management of GVHD. Two multi-
center prospective randomized trials comparing
tacrolimus and methotrexate with cyclosporine and
methotrexate for GVHD prophylaxis following HSCT
for hematologic malignancies have been con-
ducted.36,37 In the first trial involving HLA genotypi-
cally identical sibling donors, a significant reduction
in the incidence of GVHD in the tacrolimus-treated
patients was observed.36 The second trial involved
patients receiving transplants from HLA-matched
unrelated donors. Once again, GVHD incidence was
reduced in the tacrolimus-treated group.37 In both
trials, however, no significant difference in overall
survival between two treatment groups was observed.
The toxicity profile of tacrolimus was somewhat dif-
ferent than that of cyclosporine. More neurotoxicity
was observed with tacrolimus. However, there was less
renal impairment and hypertension in tacrolimus-
treated patients.

Newer agents are presently being evaluated for
GVHD prophylaxis. Rapamycin, an mTOR inhibitor
that has been shown to cause G1 cell cycle arrest,
has been evaluated in several GVHD prophylaxis
strategies.
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In combination with tacrolimus and methotrexate,
or tacrolimus alone, a very low incidence of acute
GVHD has been reported following HLA-matched
unrelated donor transplantation and HLA-matched
related donor transplantation, respectively.38,39

Mycophenolate mofetil (MMF) is a purine antago-
nist which in combination with cyclosporine has
been effective in the prevention of GVHD in preclini-
cal (canine) models40 and in clinical trials following
HLA-matched nonmyeloablative transplantation.41

Recently, the combination of MMF and tacrolimus was
shown to have similar GVHD protective effects as
cyclosporine and methotrexate following HLA-
matched myeloablative stem cell transplantation.42

Mucositis was reportedly less frequent than with
methotrexate-containing regimens and delayed
engraftment was obviated.

EX VIVO T-CELL DEPLETION
A series of experimental and clinical observations have
shown that GVHD can be effectively prevented by
infusing less than 1–5 � 105 T cells/kg of recipient
body weight.43,44 Early enthusiasm for the ex vivo
removal of immunocompetent T cells from the mar-
row graft, however, was tempered by an increased risk of
engraftment failure and relapse of the underlying malig-
nancy.45–47 This increased relapse risk was somewhat dis-
ease-specific. In chronic myelogenous leukemia (CML),
for example, an increase in relapse risk from approxi-
mately 10–20% following HLA-matched donor non-T-
cell-depleted transplantation to 60–80% following T-
cell-depleted transplantation was observed.47 In acute
myelogenous leukemia (AML) in first remission, on

the other hand, an effect of T-cell depletion on proba-
bility of relapse was not apparent.48

Given the limitations of ex vivo T-cell depletion, this
strategy has not reached widespread acceptance for the
prevention of GVHD following HLA genotypically iden-
tical donor HSCT for hematologic malignancies, partic-
ularly CML. However, given the more profound impact
of GVHD on mortality risk following HLA nongeno-
typically identical donor transplants, T-cell-depletion
strategies are being reevaluated.

In an effort to diminish the problems of engraftment
failure and relapse following ex vivo T-cell depletion,
recent investigations have focused on the depletion of
selective T-cell subsets. Ex vivo depletion of CD8�

T cells has been shown to result in an apparent reduc-
tion of GVHD with no increase in relapse probability
following HLA-matched sibling donor HSCT for CML.49

An increased risk of engraftment failure, however, has
further demonstrated the importance of T cells in over-
coming host alloresistance to engraftment. 

Recently, adoptive cellular immunotherapy via DLI
has been increasingly utilized for its capacity to
enhance GVH alloreactivity and to impart a potent
GVM effect.50,51 In CML, for example, a cytogenetic
and molecular remission is achieved with DLI for the
treatment of relapse following allogeneic HSCT in the
majority of cases, demonstrating that a potent antitu-
mor effect, with at least a several log tumor cell cytore-
duction, is achievable.50—53 In a nonrandomized com-
parison of non-T-cell-depleted transplants and CD6�

T-cell-depleted transplants for CML (followed by DLI
at time of relapse), similar survival probabilities were
realized.54 Not surprisingly an increased probability of
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Methotrexate Limited GVHD protection
Methotrexate � CYA or Improved prophylaxis compared with single-agent methotrexate; survival advantage in
corticosteroids aplastic anemia
Methotrexate � tacrolimus Superior prophylaxis compared with CYA/methotrexate but no survival advantage
Methotrexate � CYA � Superior prophylaxis compared with CYA/methotrexate but no survival advantage
corticosteroids
Tacrolimus � sirolimus �/� Promising GVHD protection in HLA-matched related and unrelated donor settings
methotrexate
CYA 1 MMF Promising GVHD protection with less morbidity than with methotrexate combinations

(mucositis, myelosuppression)

Ex vivo T-cell depletion

Pan T-cell depletion
Negative selection Decreased GVHD but increased relapse rate, engraftment failure
Positive (CD34� cell) Decreased GVHD but increased relapse rate, engraftment failure. Possible protection 
selection from PTLD by B-cell depletion

Selective T-cell depletion
CD8� cell depletion 
(bone narrow) Decreased GVHD, apparent preservation of GVL effect but increased engraftment failure

Pharmacologic Result

Table 98.2 GVHD prophylaxis strategies

GVHD, graft-versus-host disease; CYA, cyclosporine; MMF, mycophenolate mofetil; GVL, graft-versus-leukemia.



relapse occurred in the T-cell-depleted transplant recip-
ients, but the majority of these patients achieved a sec-
ond remission with DLI, which in most cases appeared
to be durable. This suggests that for at least selected
patients who are at high risk for transplant-related mor-
bidity or mortality an ex vivo T-cell-depleted HSCT 
followed by DLI for posttransplant relapse may be a
rational treatment strategy.

Given the potent antitumor potential of DLI and
experimental evidence suggesting that delayed DLI
may be associated with a substantially lower risk of
GVHD than with early T-cell infusion(s), clinical trials
evaluating ex vivo T-cell-depleted bone marrow or
peripheral blood progenitor cell (PBPC) transplants
followed by delayed T-cell infusions have been con-
ducted.55–57 Preliminary results suggest that this strat-
egy is feasible and that delayed DLI can be performed
without a prohibitive risk of GVHD.56 The optimal
dosing and timing of delayed T-cell infusion(s) remain
to be determined.

CELLULAR MODULATION OF GVHD AND
THE SEPARATION OF GVHD FROM GVM

Experimental and clinical experience have suggested
that host cells surviving the transplant conditioning
regimen may be instrumental in the regulation of
GVHD.58–61 The availability of sensitive methods for
detecting the presence of residual host cells (e.g.,
microsatellite analyses evaluating variable number of
tandem repeat sequences) has demonstrated that at
least a transient presence of host cells in many patients
can be seen following HSCT.62,63 An increased inci-
dence of acute GVHD with increasing intensity of the
preparative regimen, possibly because of the increased
cytokine release and damage to host elements follow-
ing these aggressive preparative regimens, has been
observed.64 A relationship between the presence of
mixed lymphohematopoietic chimerism and a
reduced incidence of acute GVHD has also been seen
in some series.65–67

In several animal models the intentional induction
of mixed lymphohematopoietic chimerism has been
associated with a reduction in the incidence of
GVHD.40,60,68,69 These mixed chimeric states are
achievable following either myeloablative preparative
regimens in which a combination of mixed T-cell-
depleted syngeneic and T-cell-depleted allogeneic mar-
row is transplanted (“mixed” marrow transplantation)
or following nonablative preparative regimens with
peri-transplant in vivo anti-T-cell therapy.58,68,70,71

Clinical trials at the Massachusetts General Hospital
have been conducted utilizing similar nonmyeloabla-
tive preparative regimens for the induction of mixed
chimerism followed by DLI in patients with advanced
hematologic malignancies.72–74 Mixed chimerism has
been reliably achieved with regimens consisting of

cyclophosphamide, anti-T-cell antibody therapy, and
thymic irradiation. Sustained remissions of chemore-
fractory lymphoproliferative malignancies have been
observed in a number of patients who achieved mixed
chimerism followed by either spontaneous conversion
to full donor hematopoiesis or DLI, which resulted in
chimerism conversion. In several cases this chimerism
conversion following DLI was not accompanied by sig-
nificant clinical GVHD, providing proof of principal
that GVHD is separable from GVM in mixed chimeras
given delayed DLI. Sustained mixed lymphohe-
matopoietic chimerism was also shown to be achiev-
able following haploidentical stem cell transplanta-
tion.72 An increased risk of GVHD in recipients of
haploidentical transplants has, however, prompted a
revision of the strategy in an effort to induce a GVH
free state of mixed chimerism as a platform for DLI. A
combination of vigorous in vivo T-cell depletion with
an anti-CD2 monoclonal antibody and ex vivo T-cell
depletion (using a CD34� cell selection device) has
resulted in the uniform induction of mixed chimerism
following haploidentical stem cell transplantation with
minimal or no GVHD. The conversion of chimerism,
in some cases following delayed DLI, and in some
cases with minimal or no GVHD, has provided further
evidence that GVHD and GVM are separable, even in
the haploidentical transplant setting.

Other cellular modulatory approaches to separate
clinical GVHD from GVHD have included the admin-
istration of exogenous cytokines posttransplant to dis-
sociate T-cell subset effector function75–77 (Table 98.3).
Early clinical trials have not substantiated a benefit of
high-dose IL-2 posthaploidentical stem cell transplan-
tation.78 However, the optimal timing and dosing of
IL-2 may not have been achievable clinically.
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■ Initial bidirectional tolerance
Induction of mixed ■ Resolution of pro-inflammatory
lymphohematopoietic cytokine milieu prior to DLI
chimerism, delayed DLI ■ Confinement of the GVL

alloresponse to the lymphohe-
matopoietic space

Ex vivo T-cell subset GVHD protection from
(CD8� cell) depletion CD8� cell removal, preservation

of GVT effect from CD4� cells,
other effector cell populations

Enrichment Inhibition of GVHD by
for CD4�, CD25� cells T-regulatory cells

ATG/TLI conditioning Increase of regulatory natural
killer T cells

Depletion of Inhibition of The capacity of 
L-selectin� T cells T cells to home to lymph nodes

Method Mechanism

Table 98.3 Separation of GVHD from GVT

DLI, donor lymphocyte infusion; GVL, graft-versus-leukemia; GVHD,
graft-versus-host disease.



Manipulation of the cellular environment of the
graft may also contribute to a separation of GVHD and
GVM. As discussed above, CD8� T-cell-depleted mar-
row grafts may be associated with less GVHD and
preservation of potent GVL effect,49 and CD8� T-cell-
depleted DLI have been shown to induce remissions in
patients with hematologic malignancies in relapse
after allogeneic stem cell transplantation, with less
GVHD than occurs with unmanipulated DLI (with
comparable numbers of CD4� cells).79

On the basis of preclinical murine models showing
that NK1.1� TCR ��� cells have non-major histocom-
patibility complex (MHC)-restricted natural suppressor
activity and the percentage of these cells can be
increased by the administration of total lymphoid irra-
diation (TLI) and antithymocyte globulin (ATG), clinical
trials utilizing TLI/ATG have been initiated by Strober
and colleagues in an effort to suppress GVHD and pre-
serve a GVL effect.80 A comparable human CD8� NK�

cell population of natural suppressor cells has been
shown to be increased in percentage following TLI/ATG
conditioning. Impressive GVHD protection and disease-
free survival probabilities have been demonstrated in
early clinical trials of reduced-intensity of transplanta-
tion for advanced hematologic malignancies.81

Given the complexity of the cellular and cytokine
interactions that affect the incidence and severity of
GVHD, an only preliminary understanding of how the
host—donor cellular environment might be manipu-
lated to prevent GVHD exists. Which host or donor
regulatory cells are important in the suppression of
GVHD, for example, remain to be determined. Several
cell populations including the NK1.1� murine cell
population and the CD4� CD25� cell subset and lym-
phokine-activated killer cells exhibiting both veto and
natural suppressor activity have been postulated as
having a regulatory role in the suppression of the GVH
reaction.82,83 Given the compelling experimental and
clinical evidence for a protective effect of cytokines
and regulatory cell populations, future efforts should
be made to define the mechanism of these effects and
hopefully optimize their clinical benefits.

TREATMENT OF GVHD

ACUTE GVHD
The treatment of acute GVHD, particularly severe (grade
III–IV) GVHD, remains inadequate. Corticosteroids are
the mainstay of therapy for acute GVHD, particularly if
they are not utilized as prophylaxis.84,85 Several studies
have established the response rates for treatment of
GVHD with corticosteroids.86,87 The highest response
rates have been demonstrated in cutaneous GVHD
(�60%). Sustained response rates of only 20–40% have
been seen for visceral (gut and liver) GVHD. Long-term
survival has been correlated with the grade of GVHD
and response to medical therapy. Patients with grade

III or IV GVHD who do not achieve a complete
remission of their GVHD with medical therapy have
a less than 50% probability of long-term survival;
mortality rates in excess of 90% have been reported
for grade IV GVHD.5 Most patients who receive corti-
costeroids for grades II–IV GVHD require long-term
corticosteroid administration. Substantial morbidity
which usually accompanies long-term corticosteroid
administration includes heightened infection risk,
hypertension, diabetes mellitus, osteoporosis and
aseptic necrosis of the hip and other bones, and prox-
imal myopathy.85

Given the substantial morbidity with intensive cor-
ticosteroid therapy of acute GVHD, attempts have
been made to both improve the response rate of treat-
ment and to provide a steroid sparing effect by adding
additional immunosuppressive therapy (Table 98.4).
In a randomized trial comparing prednisone with
equine antithymocyte globulin and prednisone for the
initial treatment for acute grades II–IV GVHD,
response rates were the same.88 There were more infec-
tious complications in the combined therapy group.
No difference in survival was observed between the
two groups at day 100 and after 6 months and 2 years.
In a comparison of upfront methylprednisolone versus
methylprednisolone/daclizumab (an anti-IL-2 receptor
monoclonal antibody) for acute GVHD, response rates
were also similar.89 Significantly worse 100-day and 1-
year survival for the combined therapy group led to
early closure of the trial. The increased mortality in the
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Pharmacologic Pharmacologic
immunosuppression immunosuppression

Corticosteroids Corticosteroids
Cyclosporine Cyclosporine
Tacrolimus Tacrolimus
Sirolimus Sirolimus

Mycophenolate mofetil Azathioprine
Mycophenolate mofetil

Antibody Therapy Thalidomide 
Polyclonal Clofazimine
Antithymocyte globulin
(equine, rabbit)
Monoclonal T-cell modulation
Anti-T-cell Extracorporeal photophoresis
(anti-CD3, CD2, ect)
Daclizumab (anti-IL-2 receptor)
Infliximab (anti-TNF-salpha)
Alemtuzumab (anti-CD52�)

Other biologic therapy
Denileukin diftitox

Gene therapy
Thymidine kinase suicide gene transduction/ganciclovir

Acute GVHD Chronic GVHD

Table 98.4 Treatment strategies for GVHD

GVHD, graft-versus-host disease.



combination group was attributed to both relapse and
GVHD-related mortality, possibly as a result of a nega-
tive impact on regulatory (CD4�CD25�) cells due to
daclizumab.

Thus, corticosteroids alone (or in combination
with a calcineurin inhibitor which is often still being
administered at the onset of GVHD) remain the initial
treatment of choice for grades II–IV GVHD. For patients
who do not respond to methylprednisolone (or an
equivalent corticosteroid) at a dose of 2 mg/kg/day, 
several possible strategies exist. Increasing the steroid
dose to 5 mg/kg or higher has been evaluated in previ-
ous noncontrolled situations.90 While a dose—response
relationship may exist for corticosteroids, higher doses
(particularly those of 10 mg/kg/day or greater) are asso-
ciated with increased steroid-related complications and
transplant-related mortality. Equine or rabbit antithy-
mocyte globulin has been used most frequently as sec-
ond-line therapy. While transient responses are com-
mon, particularly in cutaneous GVHD, the mortality
rate in patients requiring ATG for steroid refractory
acute GVHD is very high (approximately 90%) owing
primarily to opportunistic infections.87,91 Several
other therapies, on the basis of their targeting of
cytokines and/or effector cell populations, have been
evaluated in steroid refractory GVHD. Favorable
response rates have been seen with monoclonal anti-
bodies targeting tumor necrosis factor-alpha (inflix-
imab)92 and the IL-2 receptor (daclizumab and basilix-
imab).93,94 A fusion protein consisting of IL-2 and
diphtheria toxin has shown promising activity in
steroid refractory GVHD.95 The transient nature of the
responses is not surprising given the complex, multi-
factorial mechanisms of GVHD. The cumulative
immunosuppressive effect of corticosteroids and
other immunosuppressive agents to which these
potent highly specific immunosuppressive agents are
added is also not surprisingly notable for a very high
risk of infectious complications. In an experience
from the MD Anderson Cancer Center with infliximab
for steroid refractory GVHD an overall response rate
of 65% was seen, with most of the patients (62%)
achieving a complete remission. Fungal, bacterial, and
viral infections were seen in 46, 69, and 57% of the
patients, respectively. Estimated overall survival prob-
ability from the time of the transplant was only
31%.91

In an effort to more specifically target effector T cells
while avoiding the more broad immunosuppressive
effects of pharmacologic immunosuppressive therapy,
gene therapy approaches have been evaluated for the
treatment of acute GVHD. T cells transduced with a
herpes viral thymidine kinase gene have been evalu-
ated in preclinical transplant models and in prelimi-
nary clinical trials with ganciclovir administered in the
event of GVHD, resulting in death of the effector T cells
and in some instances, reversal of the GVHD.96

Improving the efficiency of gene transduction and

preservation of the cells that mediate a GVM effect
remain important future goals of this strategy.

CHRONIC GVHD
The treatment of chronic GVHD has also been problem-
atic with long-term immunosuppressive therapy
required for many patients with symptomatic disease.
With the routine use of PBPC, and the transplantation of
older patients, the problem of extensive chronic GVHD
has increased.97,98 Treatment strategies must weigh the
need to ameliorate the clinical manifestations of chronic
GVHD against the risks of long-term (often lifetime) admin-
istration of immunosuppressive medications (including but
not limited to infection, osteonecrosis, and secondary
malignancy). Some recent series have focused on local
control of chronic GVHD manifestations, such as oral
cyclosporine rinses or ophthalmic cyclosporine solution
for xerostomia and xerophthalmia, respectively.99,100

Extracorporeal photopheresis has been shown to be an
effective salvage strategy for patients with steroid refrac-
tory GVHD.101 The cumulative morbidity of immuno-
suppressive therapy can hopefully be lessened with this
approach. Long-term venous access issues can be prob-
lematic given the heightened infection risk of patients
with chronic GVHD.

The optimal therapy for extensive chronic GVHD
remains uncertain. An alternate-day corticosteroid and
cyclosporine regimen has been shown to be effective in
the management of chronic GVHD with an acceptable
toxicity profile.102 Corticosteroids as a single agent
have been shown to be superior to combined corticos-
teroids and azathioprine for chronic GVHD.103 For
their steroid sparing effect, however, combination regi-
mens are often employed in the treatment of chronic
GVHD. Newer agents with substantial activity in
chronic GVHD include MMF104 and sirolimus105 (Table
98.4). Thalidomide has demonstrated some activity in
steroid refractory chronic GVHD.106 Clofazimine has
been shown to have efficacy in the treatment of the
connective tissue variant of chronic GVHD.107 Ursodiol
may ameliorate the clinical manifestations of hepatic
GVHD.108 Other vitally important supportive care
aspects of the management of chronic GVHD include
immunoglobulin repletion for patients with severe
hypogammaglobulinemia, antimicrobial prophylaxis
(e.g., penicillin for Streptococcus pneumoniae, co-tri-
moxazole for pneumocystis carinii pneumonia (PCP)
prophylaxis), physical therapy to prevent joint con-
tractures, and frequent dental and ophthalmological
evaluations to address dental hygiene and to evaluate
for and treat corneal ulceration, and ocular infections,
respectively.

SUMMARY

Though significant strides in the prevention and ther-
apy of GVHD have been made over the last two decades,
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a greater understanding of the molecular immunology
of this complication is still needed in order to develop
more effective therapies to eliminate GVH while main-
taining beneficial alloreactivity against malignancy.
Though there may not be a single therapeutic approach
that will achieve this aim, the considerable experimental
and clinical evidence indicates that modulation of

tissue-specific homing, in combination with lower toxi-
city preparative regimens and selective enrichment or
depletion of effector T cells, will yield novel and effective
alternatives to minimize the risk of GVHD. These
approaches, combined with judicious application(s) of
immunopharmacologic agents, may prove sufficient to
achieve the full curative promise of allogeneic HSCT.
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) has
been increasingly used in the treatment of malignant
and nonmalignant hematologic disorders, autoim-
mune diseases, and genetic and metabolic diseases.
More than 50,000 HSCTs are performed annually
worldwide.1 Despite significant advances in defining
optimal immunosuppressive regimens, in shortening
the duration of neutropenia through the availability of
hematopoietic growth factors, and in preventing and
managing infectious and noninfectious complications,
HSCTs continue to be associated with significant mor-
bidity and mortality. Infectious and noninfectious com-
plications such as graft-versus-host-disease (GVHD),
adult respiratory distress syndrome (ARDS), and
venoocclusive disease (VOD) are the major contribu-
tors to adverse outcome.

This chapter focuses on the recognition, manage-
ment, and prevention of infectious complications fol-
lowing autologous and allogeneic HSCT. Guidelines
focusing on infection prevention were recently pub-
lished by the Centers for Disease Control and
Prevention,2 and include general and infection-specific
strategies, as well as recommendations regarding infec-
tion control. The latter is beyond the scope of this dis-
cussion and the reader is referred to the guidelines as
well as to a recent excellent review regarding infection
control management in HSCT.3

A thorough pretransplant infectious disease evalua-
tion is essential in HSCT candidates. Specific infectious
complications following HSCT are predictable and can
be anticipated based upon the sequential suppression
of the various components of host defense associated
with the conditioning regimen and subsequent HSCT.4

The clinical syndromes that most commonly occur
and the pathogens involved vary over time. For pur-
poses of differential diagnosis in the HSCT recipient
with suspected infection, three distinct periods of

infection risk exist, each with unique deficiencies in
host immune function.5 These include the preengraft-
ment period (from the initiation of the conditioning
regimen to engraftment), the early engraftment period
(from engraftment to day 100), and the late engraft-
ment period in allogeneic HSCT recipients (from day
100 until cessation of immunosuppressive medica-
tions). This chapter reviews the appropriate pretrans-
plant infectious disease evaluation; the immune defects
and associated infectious complications during the
preengraftment, early engraftment, and late engraft-
ment periods; and the prevention, diagnosis, and man-
agement of selected syndromes and pathogens encoun-
tered in HSCT recipients.

PRETRANSPLANT EVALUATION

A careful pretransplant infectious disease history
should be obtained in all HSCT candidates (Table
99.1). This should include a history of prior bacterial,
mycobacterial, and opportunistic infections, especially
invasive fungal infections produced by Aspergillus or
Candida species. In those with prior invasive fungal
disease, a careful clinical and radiographic evaluation
should be performed to exclude residual active disease,
which would require aggressive treatment prior to
HSCT. Antimicrobial susceptibility profiles of recent
bacterial pathogens should be noted, as patients may
remain colonized with these organisms. Patients with
a prior history of tuberculosis, exposure to tuberculo-
sis, or positive skin test for tuberculosis should be eval-
uated clinically and with chest radiograph for evi-
dence of active disease. A travel history should be
obtained to identify potential exposure, even in the
remote past, to Strongyloides stercoralis, which may
reactivate in the face of immunosuppression. Patients
with potential exposure or unexplained peripheral
eosinophilia should be screened pretransplant for 

1063

99Chapter 99
INFECTIOUS COMPLICATIONS
FOLLOWING STEM CELL 
TRANSPLANTATION
David L. Longworth

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



S. stercoralis with an enzyme-linked immunosorbent
assay, which has a sensitivity exceeding 90% in detect-
ing latent asymptomatic infection. Seropositive indi-
viduals should receive ivermectin prior to HSCT.
Individuals who were born or have resided in areas of
South America, Central America, or Mexico where
Chagas disease is endemic, or who have received a
blood transfusion while visiting those areas, should be
screened for Trypanosoma cruzi IgG using at least two
serologic tests.2 Serologic testing should also be per-
formed to identify prior exposure to cytomegalovirus
(CMV), varicella zoster virus (VZV), herpes simplex
virus (HSV), human immunodeficiency virus 1 and 2
(HIV), hepatitis A, B and C, Epstein—Barr Virus (EBV),
Toxoplasma gondii, and Treponema pallidum. CMV-
seronegative HSCT recipients are at-risk for acquiring
CMV from seropositive donors or blood products.
CMV-seronegative candidates for allogeneic HSCT
with a CMV-seronegative donor should receive only
CMV-seronegative or leukocyte-reduced red cells and
platelets.2

A formal dental evaluation should be performed in
all HSCT candidates and, if necessary, restorative work
completed prior to transplant so as to minimize the
occurrence of infection from oral mucositis associated
with the conditioning regimen. This is especially
important given the emergence of viridans strepto-
cocci as important pathogens in the early transplant
period.6

THE PREENGRAFTMENT PERIOD

The preengraftment period commences with the initi-
ation of the preparative regimen and ends at the time
of engraftment. This usually occurs by about day 20 in
autologous HSCT recipients and by day 30 in allo-
geneic HSCT recipients, but may vary depending upon
the conditioning regimen and the underlying disease.
The presence of indwelling intravascular devices,

mucositis of the mouth and gastrointestinal tract, neu-
tropenia, and lymphopenia are the major defects in
host defense that occur during the preengraftment
period. These are present in both autologous and allo-
geneic HSCT recipients, and thus the types of infec-
tious complications seen in these respective groups are
similar; however, the shorter duration of neutropenia
in autologous HSCT recipients is responsible for a
lower incidence of infectious complications in these
individuals.

MICROBIOLOGY
Table 99.2 summarizes the common pathogens
encountered during the preengraftment period. The
most common portals of entry for bacterial infection
during this period include central venous catheters
and mucositis of the mouth and gut arising from the
preparative regimen. Thus, not surprisingly, bacterial
pathogens such as viridans streptococci and Gram-
negative bacilli from the mouth and gastrointestinal
tract, respectively, and skin organisms such as coagu-
lase negative staphylococci are the most common bac-
terial pathogens encountered in the preengraftment
period. Up to 12% of infections occur prior to trans-
plant.4 Although Gram-negative infections were com-
mon during the 1980s, the use of prophylactic oral
antibiotics such as fluoroquinolones and trimethoprim-
sulfamethoxazole at the onset of neutropenia has led to a
shift in the spectrum of bacterial pathogens seen in the
preengraftment period. Gram-positive organisms now
account for a majority of bacterial infections and for
50% of bacteremias.7,8 Coagulase negative staphylococci
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■ Complete infectious disease history, including prior infec-
tions, antimicrobial susceptibility profiles, and their man-
agement

■ In those with prior invasive fungal infection or nocardiosis,
clinical evaluation and imaging studies to assess disease
activity

■ Travel and immunization history
Selected screening for Strongyloides stercoralis and
Trypanosoma cruzi in those at risk

■ Evaluation for TB exposure, clinical, and radiographic eval-
uation in those at-risk

■ Dental evaluation
■ Serologic testing for CMV, HSV, VZV, EBV, hepatitis A,B,C,

HIV 1 and 2, Toxoplasma gondii, Treponema pallidum

Table 99.1 Components of a pre-HSCT infectious
diseases evaluation

Bacteria

Staphylococci Skin, intravascular devices
Streptococci Mouth, GI tract
Gram-negative bacilli GI tract
Clostridium difficile Colon

Viruses

Herpes simplex 1 Mouth, esophagus
Herpes simplex 2 Genitals, anus, skin
Community respiratory Upper respiratory tract,
viruses pneumonia

Fungi

Candida species Originate from gut
May involve bloodstream,
mouth, esophagus, skin,
intravascular devices; rarely
viscera or bone marrow

Aspergillus species Pneumonia, sinusitis; rarely
CNS and skin

Pathogen Site of origin/involvement

Table 99.2 Common pathogens encountered during
the preengraftment period



and viridans streptococci have emerged as dominant
pathogens, and the latter have been associated with a
shock syndrome.9 Penicillin resistance is an emerging
problem in viridans streptococci.10 Gram-negative
infections are the second most common cause of bac-
terial infections in the preengraftment period, and
now include less common and more often multiresis-
tant organisms such as Enterobacter, Acinetobacter,
Klebsiella, Citrobacter and Stenotrophomonas species.
Vancomycin-resistant enterococci and Clostridium dif-
ficile are important emerging pathogens, although
diarrhea following HSCT is infectious in fewer than
15% of cases.11,12

HSV and community-acquired respiratory viruses
(CRV) are the most common viral pathogens encoun-
tered in the preengraftment period. Autologous and
allogeneic HSCT recipients appear to be at similar risk
for these viral infections. HSV infections are almost
always attributable to reactivation of latent asympto-
matic infection in seropositive individuals. In the
absence of prophylaxis, 70–80% of seropositive indi-
viduals will reactivate HSV in the preengraftment
period, with a peak incidence at 2–3 weeks posttrans-
plant. HSV type 1 (HSV 1) accounts for 85% of
episodes and produces gingivostomatitis4; infection in
the mouth may spread to the trachea, esophagus or
lungs. In the initial posttransplant period, up to half of
mouth lesions may be attributable to HSV 1.4 The
remaining 15% of HSV reactivation episodes are due to
HSV type 2 involving the genitals or other cutaneous
sites.

Reactivation of other human herpes viruses (HHV)
in the early posttransplant period, including HHV-6
and HHV-8, has been associated with the development
of clinical symptoms. HHV-6 may reactivate in seropos-
itive recipients of both autologous and allogeneic
HSCTs, on average at 2–4 weeks posttransplant.13,14 An
anti-CD3 monoclonal antibody for prophylaxis against
acute GVHD in allogeneic HSCT recipients appears to
increase the risk of HHV-6 reactivation, which has been
associated with the development of fever, rash, intersti-
tial pneumonia, encephalitis, delayed white cell engraft-
ment, and an increase in the severity of GVHD.14,15

HHV-8 reactivation was recently reported to cause
fever, rash, and hepatitis 2–3 weeks following autolo-
gous HSCT.16 The pathogenetic significance of HHV-7
reactivation has been debated; HHV-7 may serve as a
cofactor for the development of CMV disease following
organ transplantation.17

CRV infections may develop in both autologous and
allogeneic HSCT recipients and tend to mirror the sea-
sonal occurrence of influenza, parainfluenza, respira-
tory syncytial virus (RSV), and rhinovirus infections in
the community. Outbreaks of RSV and influenza have
been described on stem cell transplant units.18,19

Prevention of infection and containment of outbreaks
require meticulous attention to infection control prac-
tices, cohorting of infected individuals, immunization

against influenza of health care workers and at-risk
HSCT candidates pretransplant, and influenza prophy-
laxis on HSCT units during outbreaks.2,19 Influenza,
parainfluenza, and RSV may produce lower respiratory
tract infection in the early posttransplant period with
significant morbidity and mortality20,21; tracheobron-
chitis and pneumonia are usually heralded by the onset
of upper respiratory tract symptoms, such as rhinor-
rhea, sinus congestion, and sore throat. Lymphopenia
appears to be a risk factor for progression to lower res-
piratory tract infection in HSCT recipients with
influenza.21 Other pathogens, such as Aspergillus
species, are frequently isolated in patients with
influenza involving the lower respiratory tract.
Antiviral therapy in HSCT recipients with influenza
with a neuraminidase inhibitor is preferred to amanti-
dine or rimantidine, as neuraminidase inhibitors
appear to shorten the duration of viral shedding.21

Inhaled ribavirin and intravenous immunoglobulin
have been advocated for those with RSV. The optimal
therapy for a parainfluenza lower respiratory tract
infection has not been defined; in a recent study
involving allogeneic and autologous HSCT recipients
with parainfluenza pneumonia, inhaled ribavirin with
or without immunoglobulin did not improve sur-
vival.22 Adenovirus infections occur in up to 6% of
pediatric HSCT recipients, often following engraft-
ment, but occasionally in the preengraftment period.23

Hemorrhagic cystitis, hemorrhagic colitis, pneumonia,
nephritis, and hepatic failure are the most common
presentations; disseminated disease has been reported. 

Invasive fungal infections due to molds and
Candida species are important clinical problems in the
preengraftment period. Autologous HSCT recipients
have a lower incidence of these infections compared
with those receiving allogeneic transplants. Prior to
1990, Candida albicans, C. tropicalis, and C. parapsilosis
were the most common causes of invasive fungal
infections in this setting. However, the demonstration
in the early 1990s of the utility of fluconazole prophy-
laxis in reducing the incidence of superficial and inva-
sive fungal infections in HSCT recipients and its subse-
quent widespread use24,25 has led to a decline in the
incidence of infections from these organisms.
Fluconazole prophylaxis in HSCT recipients has also
led to the emergence of the fluconazole-resistant
yeasts C. krusei and C. glabrata as important pathogens
in the preengraftment period, and to the emergence of
aspergillosis as the most common invasive fungal
infection following HSCT.

Candidal infections can present in the preengraft-
ment period as superficial cutaneous infection, thrush,
esophagitis, urinary tract infections, fungemia, or as
disseminated infection involving the skin, viscera, and
bone marrow. Although infection most often arises
from organisms that colonize mucosal surfaces, infec-
tion of intravascular devices or contamination of
infusates such as total parenteral nutrition (TPN) fluid
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are occasional causes of candidal bloodstream infec-
tions. Risk factors for invasive candidal infections
include prolonged and severe neutropenia, breakdown
of mucosal barriers, and the use of broad spectrum
antibiotics, corticosteroids, and TPN.26

Invasive molds are a growing cause of morbidity and
mortality in the preengraftment period, especially in
allogeneic HSCT recipients.27 Invasive aspergillosis fol-
lowing HSCT occurs in a bimodal distribution, with
peak onsets at 16 days and 96 days following HSCT.27

While the overall incidence of invasive aspergillosis is
higher in allogeneic HSCT recipients, early onset disease
is more common in autologous HSCT recipients.27 Risk
factors for early onset disease occurring within 40 days
of HSCT include transplantation for hematologic malig-
nancy without first remission, HLA-mismatched related
donor, HSCT outside a laminar airflow room, and HSCT
during summer months.27 Pneumonia, often with cavita-
tion, is the most common clinical syndrome; invasive
aspergillosis can also involve the sinuses, brain, and skin.
Other emerging fungal pathogens include Fusarium
species and the Zygomycetes. Fusariosis typically pre-
sents as fungemia with hematogenous spread to the
skin, and occurs in a trimodal distribution following
allogeneic HSCT, with peak incidences prior to engraft-
ment, at 62 days, and beyond 1 year following HSCT.28

Survival is poor, especially in those with neutropenia.
Zygomycetes, which present with sinopulmonary disease
and for which iron overload and decompensated dia-
betes mellitus represent risk factors, have been increas-
ingly seen in HSCT recipients receiving antifungal pro-
phylaxis with voriconazole.26,29,30

EVALUATION AND MANAGEMENT 
OF THE FEBRILE PATIENT
The differential diagnosis of fever in the HSCT recipient
in the preengraftment period includes infectious and
noninfectious causes, as summarized in Table 99.3. The
differential diagnosis is guided by the presence or
absence of localizing symptoms and physical findings
and by the prior infectious disease history. Routine
cultures of blood should be obtained, including
through respective lumens of intravascular devices. In
multilumen central venous catheters, infection may be
confined to the inner surface of a single lumen.
Cultures of urine, stool assays for C. difficile toxin,
nasopharygeal specimens for direct fluorescent anti-
body testing for CRVs, and mouth cultures for HSV
should be obtained as clinically indicated. Plain films
of the chest may disclose an infiltrate even in the
absence of respiratory symptoms and should be
obtained. In patients with sinus symptoms, computed
tomography of the sinuses is preferred to sinus plain
films. In persistently febrile individuals and those at
high risk for invasive aspergillosis, computed tomogra-
phy of the chest should be performed in search of an
occult infiltrate, even if the chest radiograph is normal.
In those with a halo sign or cavitary infiltrate, both

suggestive of invasive pulmonary aspergillosis, bron-
choscopy is indicated to establish a microbiologic
diagnosis.

The selection of an empiric antimicrobial regimen
should be guided by the suspected anatomic origin of
the fever, by the pathogens suspected, and by local sus-
ceptibility profiles of institutional isolates. It is imper-
ative to prospectively monitor and report to clinicians
the antimicrobial susceptibility profiles of bacterial
pathogens encountered within the institution and on
the stem cell transplant unit, as this may impact on
the selection of empiric antibacterial regimens and
identify potential outbreaks.2 The recent change by
the National Committee on Clinical Laboratory
Standards in the breakpoint defining susceptibility of
coagulase negative staphylococci to methicillin has led
to the reclassification of �95% of coagulase negative
staphylococci as methicillin-resistant. As these organ-
isms are the most common cause of intravascular
device-related bacteremia in HSCT recipients, this has
resulted in increasing pressure to include vancomycin
in empiric antibacterial regimens in febrile HSCT
recipients. The emergence of vancomycin-resistant
enterococci and vancomycin-intermediate and van-
comycin-resistant Staphylococcus aureus31 has led, on
the other hand, to recommendations to minimize
indiscriminate vancomycin use.2 However, a recent
single center study suggested that early empiric van-
comycin administration with as little as two doses
between days �7 and �7 dramatically reduced the
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Bacteremia Staphylococci
Intravascular devices Viridans streptococci
Bowel Gram-negative bacilli
Other

Oral Mucositis, Esophagitis Noninfectious
Herpes simplex virus

Diarrhea Noninfectious
Clostridium difficile

Pneumonia Mouth flora (aspira-
tion)
Gram-negative bacilli
Staphylococci
Community respira-
tory viruses
Aspergillus species

Intravascular device Staphylococci
Gram-negative bacilli
Candida species

Noninfectious causes
Drug fever
Chemical aspiration
Engraftment syndrome

Syndrome Common pathogens

Table 99.3 Common causes of fever in the HSCT
recipient in the preengraftment period



incidence of viridans streptococcal bacteremia in
HSCT recipients.32 Therefore, vancomycin may be
included in the initial coverage of febrile HSCT recipi-
ents pending cultures, but its long-term empiric use in
the absence of a microbiologic diagnosis or strong clin-
ical indication is discouraged. Persistent fever despite
antifungal prophylaxis with fluconazole or low-dose
amphotericin should heighten concern about invasive
fungal infection and prompt consideration of empiric
antifungal therapy with higher dose amphotericin B or
voriconazole.

PROPHYLAXIS AND THERAPY
Routine decontamination of the gut is not recom-
mended for HSCT candidates.2 The use of oral fluoro-
quinolones and an agent active against Gram-positive
cocci in asymptomatic neutropenic patients reduces
the occurrence of Gram-positive and Gram-negative
bacteremias, but has no impact on fever-related mor-
bidity or infection-related mortality.33 A novel strategy
to reduce the occurrence of oral mucositis after inten-
sive chemotherapy using palifermin (recombinant
human keratinocyte growth factor) has demonstrated
promise. In a double-blind, placebo-controlled trial
involving patients with hematologic malignancies,
palifermin recipients had less severe mucositis, a
shorter duration of mucositis, and a lower incidence of
fever during neutropenia and bacteremia compared
with placebo recipients.34

Acyclovir prophylaxis is indicated for all HSV-seropos-
itive HSCT candidates and has been shown to reduce the
occurrence of viral reactivation.35 Prophylaxis should
commence at the initiation of the preparative regimen
and continue to engraftment or to the resolution of
mucositis.2 Valacyclovir has not been FDA-approved for
this indication.

Antifungal prophylaxis is indicated during neutrope-
nia in all allogeneic and most autologous HSCT recipi-
ents. Fluconazole has been recommended by the
Centers for Disease Control and Prevention, the
Infectious Disease Society of America, and the American
Society of Blood and Marrow Transplantation,2 but is
not effective in the prevention of infections due to
Aspergillus species, C. krusei, and C. glabrata. This has
led some centers to use other agents for antifungal pro-
phylaxis, including low or moderate dose ampho-
tericin B, liposomal amphotericin B, inhaled or nasal
amphotericin B, and voriconazole. Unfortunately, the
efficacy of these various prophylactic strategies has not
been demonstrated in well designed clinical trials.
Moreover, the zygomycetes have emerged as impor-
tant pathogens in patients receiving voriconazole pro-
phylaxis or therapy.29,30 Oral itraconazole should not
be used because of its variable absorption; its interac-
tions with other agents such as cyclosporine, methyl-
prednisolone, rifampin, antiepileptics, and warfarin;
and the prolonged time required to achieve steady
state concentrations in the blood.2 New antifungals

are in development and may have a future role in pro-
phylaxis against fungal infections in HSCT recipients.
A recent large, randomized, double-blind, multicen-
ter, prospective phase 3 clinical trial compared flu-
conazole with micafungin, a new echinocandin, for
prophylaxis against invasive fungal infections in neu-
tropenic patients undergoing autologous and allo-
geneic HSCT.36 Micafungin was superior to fluconazole
across treatment groups and was associated with a
lower incidence of aspergillosis and colonization with
C. glabrata.

Empiric antibacterial therapy in febrile HSCT
recipients should be guided by the suspected site of
infection and by knowledge of antimicrobial suscep-
tibility profiles of institutional isolates as well as by
organisms previously infecting or colonizing the
patient. Catheter-related infections can often be
cured without device removal, except in those with
tunnel, fungal, or mycobacterial infections and in
those who are hemodynamically unstable. Empiric
antifungal therapy in persistently febrile neutropenic
patients has traditionally been amphotericin B. A recent
randomized, double-blind, multicenter study compared
the echinocandin caspofungin with liposomal ampho-
tericin B for empiric therapy in 1095 persistently febrile
neutropenic patients, of whom 75 were HSCT recipi-
ents.37 Caspofungin was as effective and better tolerated
than amphoterin B, with lower incidences of nephro-
toxicity and infusion-related side effects. 

For decades amphotericin B has been the treatment
of choice for invasive aspergillosis and other filamen-
tous fungi; however, response rates have been disap-
pointing, and as low as 10–15% in allogeneic HSCT
recipients.38 Several alternative agents have recently
become available with superior efficacy. Voriconazole
is a broad-spectrum triazole with activity against most
Candida and Aspergillus species. In a randomized,
unblinded trial comparing high-dose amphotericin B
with voriconazole for primary therapy in 277 patients
with suspected or proven invasive aspergillosis, many
of whom were HSCT recipients, voriconazole had
superior efficacy and fewer serious side effects com-
pared with amphotericin B. After 12 weeks, 52.8% of
voriconazole recipients versus 31.6% in the ampho-
tericin B group had responded to therapy, though tran-
sient visual disturbances occurred in nearly half of
voriconazole recipients.39

While superior to amphotericin B, voriconazole is
not uniformly effective and many patients require sal-
vage therapy. Several recent studies have examined
alternative strategies. The utility of the echinocandin
caspofungin was examined in 83 patients with inva-
sive aspergillosis who were refractory to or intolerant
of conventional therapy; 79.5% had failed conven-
tional therapy with formulations of amphotericin B
and 25% were HSCT recipients.40 Forty-five percent
responded to caspofungin, including 50% with pul-
monary aspergillosis and 23% with disseminated
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disease; however, HSCT recipients had a poorer
response compared with those with hematologic malig-
nancies. In a small, single center observational study,
HSCT recipients with refractory invasive aspergillosis
were treated with a combination of voriconazole and
caspofungin, and compared with an earlier group
treated with voriconazole alone.41 In this nonran-
domized study, patients who received combination
therapy had improved survival at 3 months com-
pared with historical controls who received voricona-
zole monotherapy. 

THE EARLY ENGRAFTMENT PERIOD

The early engraftment period begins with the resolu-
tion of neutropenia and continues to approximately
day 100. The risk of infection in this period is sub-
stantially lower in autologous compared with allo-
geneic HSCT recipients. With the resolution of neu-
tropenia, most patients quickly heal their mucositis.
However, GVHD in allogeneic HSCT recipients can
lead to recurrent breakdown of mucosal barriers in the
gastrointestinal tract, predisposing to recurrent bacte-
rial or fungal bloodstream infections. Nearly all allo-
geneic HSCT recipients require indwelling vascular
devices through this period, which pose an ongoing
risk for bacterial infection. Impaired cell-mediated
immunity is the major risk factor for infection in this
period, especially in allogeneic HSCT recipients,
which may be further compromised by the immuno-
suppressive therapy required to prevent rejection or
treat GVHD. Additional immune defects in this period
include hyposplenism, diminished neutrophil
opsonic and phagocytic function, and the deleterious
effects of immunomodulating viruses such as CMV
and HHV6.

MICROBIOLOGY
The pathogens requiring consideration in the early
postengraftment period are summarized in Table 99.4.
Bacterial infections arising from indwelling intravas-
cular devices and mucositis in the setting of GVHD
continue to occur in the early postengraftment period.
The microbiology of these infections is similar to that
encountered in the preengraftment period. Invasive
fungal infections due to resistant yeasts, Aspergillus
species, Fusaria species, and zygomycetes also occur
during this period. GVHD, graft failure, and corticos-
teroid therapy are major risk factors for invasive
aspergillosis, whose peak incidence in allogeneic HSCT
recipients occurs at this time.27 Patients remain at-risk
for CRV infections. Unlike children, in whom aden-
ovirus infection is more often seen in the preengraft-
ment period, adult patients tend to develop aden-
ovirus infection beyond 90 days.42 As in children,
pneumonia, hemorrhagic cystitis, hemorrhagic colitis,
and nephritis are the major clinical syndromes.

Several pathogens require special comment.
Legionellosis is uncommon but has been reported in
the setting of HSCT.43 The disease may occur in the
pretransplant or preengraftment periods, but is most
common in the early engraftment period.43 A sentinel
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Common

Bacteria

Staphylococci Intravascular devices
Streptococci Mouth and bowel with GVHD
Enterococci Mouth and bowel with GVHD
Gram-negative Intravascular devices, GI tract
bacilli with GVHD

Viruses

CMV Viremia, pneumonia, enterocolitis; reac-
tivation of latent infection, primary
infection

Fungi

Aspergillus species Pneumonia, CNS

Less Common

Bacteria

Legionella species Pneumonia, exclude nosocomial water
source

Listeria Meningoencephalitis, bacteremia
monocytogenes

Viruses

Adenovirus Pneumonia, nephritis, hemorrhagic
cystitis, hemorrhagic colitis, hepatitis

HHV6 Fever, rash, interstitial pneumonia,
encephalitis

Community- Upper respiratory tract infections,
acquired pneumonia  viruses
respiratory

Fungi

Zygomycetes Pneumonia, sinusitis
Candida species Fungemia, hepatosplenic candidiasis,

disseminated infection; intravascular
devices and gut with GVHD

Fusaria species Fungemia, cutaneous disease,
pneumonia

Pseudallescheria Pneumonia
boydii

Parasites

Pneumocystis Pneumonia
carinii
Toxoplasma gondii CNS, pneumonia, disseminated disease;

reactivation of latent infection
Strongyloides Enterocolitis, pneumonia, bowel
stercoralis perforation, Gram-negative bacteremia;

accelerated autoinfection cycle

Pathogens Common sites of involvement, origin

Table 99.4 Pathogens encountered in the early
postengraftment period



case occurring beyond day 10 of hospitalization should
raise the possibility of nosocomial transmission, and
an appropriate epidemiologic and environmental
investigation is mandatory.2 Unrecognized nosoco-
mial transmission of legionellosis for over a decade in
the transplant setting has been described.44 HSCT
patients with legionellosis present with fever and
lobar, patchy, or nodular pulmonary infiltrates. In
those with nodular infiltrates, the disease may mimic
invasive pulmonary aspergillosis, the most common
cause of such infiltrates in this setting. HSCT recipients
with legionellosis are at increased risk for mortality
and may require more prolonged courses of therapy
than immunocompetent individuals.44 Legionella pneu-
mophila infections are more often fatal than those due
to non-pneumophila Legionella strains.

Listeriosis in HSCT recipients is rare, but occurs
most often in the early postengraftment period.45

Meningoencephalitis and bacteremia are the most
common clinical presentations. A history of high-risk
food ingestion associated with listeriosis is typically
absent.

Parasitic infections are uncommon following HSCT,
but are most likely to occur in the early postengraft-
ment period. The incidence of Pneumocystis carinii
pneumonia has declined dramatically with the wide-
spread use of chemoprophylaxis. The median time to
onset is 9 weeks following HSCT. Patients typically
present with fever, worsening dyspnea, dry cough, and
interstitial pulmonary infiltrates.46 One hundred and
ten cases of toxoplasmosis have been described follow-
ing HSCT47; 64% have occurred between days 31 and
100, likely representing reactivation of latent infection
in the face of immunosuppression. Forty-eight percent
of cases have been confined to the brain. Disseminated
infection occurred in 48%. Fever was the most com-
mon sign, but was only present in 43%. Focal neuro-
logic symptoms, headache, altered mentation, and res-
piratory complaints were present in a minority of
patients. Meningitis occasionally accompanies cere-
bral toxoplasmosis, and the organism can been identi-
fied on cytologic examination of cerebrospinal fluid.
Hyperinfection strongyloidiasis is rare following HSCT
and has not been reported in autologous recipients.2

Immunosuppression in allogeneic recipients leads to
acceleration of the autoinfection cycle of S. stercoralis
in those with unrecognized asymptomatic infection.
Patients typically develop symptoms 4–6 weeks from
the initiation of immunosuppressive therapy consist-
ing of fever, diarrhea, respiratory symptoms, and occa-
sionally intestinal perforation owing to widespread
migration of larval parasites through the bowel wall
and the lungs.48 Specimens of stool, sputum, and
bronchoalveolar lavage fluid typically demonstrate lar-
vae of S. stercoralis on parasitologic examination.

CMV is the most important and common viral
pathogen encountered in the early postengraftment
period. In the era prior to prophylactic or preemptive

therapy, morbidity and mortality from CMV were sub-
stantial. Among seropositive allogeneic HSCT recipients,
the group at greatest risk, the incidence of CMV infec-
tion varied from 42% to 69%; symptomatic disease
developed in 16–25%, with pneumonia in up to 5%.49

The incidence in autologous HSCT recipients was
lower but still substantial. Prior to the availability of
antiviral therapy, mortality from CMV pneumonia fol-
lowing HSCT approached 50%.50 The widespread used
of targeted prophylaxis or preemptive therapy from
engraftment to day 100 in allogeneic HSCT recipients
has led to a significant decline in the incidence of
symptomatic disease during the early engraftment
period, but late disease beyond day 100 is increasingly
recognized.5,51 Risk factors for symptomatic CMV dis-
ease include advanced age, conditioning with total
body irradiation, seropositive recipient status, HSCT
from a matched unrelated donor, CD34� allogeneic
HSCT, acute GVHD, and high titers of circulating CMV.
Symptomatic disease is uncommon in autologous HSCT
recipients; patients at higher risk include seropositive
recipients with underlying hematologic malignancies,
those receiving intensive conditioning regimens, and
recent recipients of fludarabine or 2-chlorodeoxyadeno-
sine.2 CMV appears to be immunomodulatory and
seronegative allogeneic HSCT recipients with seroposi-
tive donors have a higher risk of death from bacterial
and fungal infections.49

The common clinical syndromes produced by
CMV include fever without localizing findings, inter-
stitial pneumonia, enterocolitis, and bone marrow
suppression. Hepatitis, retinitis, and CNS disease are
less common.

EVALUATION AND MANAGEMENT OF THE 
FEBRILE PATIENT
The differential diagnosis of fever in the early engraft-
ment period is broad. Essential considerations include
the patient’s prior infectious disease history in the
preengraftment and pretransplant periods; timing of
onset of fever; the presence or absence of localizing
signs and symptoms; the presence or absence of
GVHD or symptoms suggestive of GVHD; risk of
CMV; and current medications. The differential diag-
nosis for common clinical syndromes is summarized
in Table 99.5 and includes both infectious and nonin-
fectious causes.

Fever at the time of engraftment raises several spe-
cial considerations, including engraftment syndrome,
which is often accompanied by a diffuse maculopapu-
lar rash; acute GVHD; or flare of occult infection as
leucocytes return and migrate to a site of inflamma-
tion.

Fever in the absence of localizing symptoms during
the early postengraftment period has many causes.
Bacteremia or fungemia from intravascular devices or
from the bowel in patients with GVHD may present
without localizing symptoms. Patients with pulmonary
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fungal infections such as aspergillosis, fusariosis, or
zygomycosis may lack cough, dyspnea, and hemoptysis
at the outset. Sinusitis from infection or GVHD may be
asymptomatic except for fever. CMV infection may
present only with fever and must be strongly consid-
ered in CMV seropositive allogeneic HSCT recipients
and seronegative recipients with a CMV seropositive
donor. HSCT recipients who are CMV D-/R- have a
small risk of CMV in this period. The concern for reac-
tivation CMV is heightened in at-risk and high-risk
individuals who are being followed and monitored
prospectively for viremia, rather than receiving pro-
phylaxis from the time of engraftment. Fever without

localizing signs or symptoms may also occur as an ini-
tial manifestation of adenovirus infection or reactiva-
tion of HHV6. Noninfectious causes of fever include
early GVHD and new medications. Medications which
are most likely to cause drug fever include trimetho-
prim-sulfamethoxazole, penicillins, cephalosporins,
vancomycin, and phenytoin.

The differential diagnosis of fever and a pulmonary
infiltrate includes infectious and noninfectious causes.
Infectious causes include bacterial pneumonia (including
legionellosis), pulmonary fungal infections, and CRV
infections during seasonal outbreaks. Noninfectious
causes include diffuse alveolar hemorrhage (though fever
may be absent), aspiration pneumonia, and idiopathic
interstitial pneumonia.

In patients with fever and diarrhea, concerns
include GVHD, CMV or adenovirus enterocolitis, C.
difficile-associated diarrhea, and community-acquired
viral gastroenteritis caused by rotavirus, Norwalk virus,
or coxsackievirus during seasonal outbreaks. Diarrhea
is infectious in origin in a minority of HSCT patients
during this period.

The differential diagnosis of fever and rash depends
upon the appearance of the rash. If maculopapular,
concerns include engraftment syndrome, acute GVHD
(especially if the rash involves the palms and soles),
drug reaction, and reactivation of HHV6. A papulopus-
tular rash consisting of only a few scattered lesions
should suggest disseminated candidiasis. Nodular skin
lesions may occur with disseminated aspergillosis or
fusariosis, disseminated cryptococcosis, and nocardio-
sis. The latter two infections are rare following HSCT,
especially in the early postengraftment period, and are
generally encountered beyond 100 days. A vesicular
rash should suggest HSV or VZV, the latter being
uncommon between days 30 and 100.

The diagnostic evaluation should be tailored based
upon the presence or absence of localizing signs and
symptoms to suggest a source of fever. Blood cultures
for bacterial pathogens are indicated in most patients.
In those with clinical clues as to the cause of fever, addi-
tional cultures and imaging studies may be pursued. In
those without localizing findings, blood cultures should
be obtained from each lumen of indwelling vascular
devices and peripherally. Fungal blood cultures should
be collected if unexplained fever persists. Patients at-risk
for CMV infection should be tested using the pp65
antigenemia assay, polymerase chain reaction, or
hybrid capture for CMV viremia. Computed tomo-
graphic scans of the sinuses, chest, and abdomen
should be considered in search of occult sinusitis, occult
pulmonary infiltrates, and thickening of the bowel wall
suggestive of GVHD or infectious enterocolitis. Biopsy
for histopathologic examination and culture may estab-
lish a diagnosis in patients with rash; vesicular lesions
should be unroofed and scraped for viral culture. In
patients with fever and pulmonary infiltrates, bron-
choscopy should be strongly considered. 
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Fever at engraftment Engraftment syndrome
Acute GVHD
Occult focal infection

Fever without localizing findings

■ Bacteremia Intravascular devices
Staphylococci
Gram-negative bacilli
Gut GVHD
Gram-negative bacilli
Enterococci

■ Fungemia Intravascular devices
Candida species
Gut GVHD
Candida species

■ Occult pneumonia Aspergillosis
Fusariosis
Zygomycosis

■ Sinusitis GVHD, bacterial infection
■ Viral infections CMV, HHV6
■ Drug fever Penicillins, cephalosporins,

trimethoprim-sulfamethoxa-
zole, vancomycin, phenytoin

Fever and a pulmonary infiltrate

■ Fungal pneumonia Aspergillosis, Fusariosis,
Zygomycosis

■ Bacterial pneumonia Staphylococci, Gram-negative
bacilli, Legionellosis

■ Viral pneumonia CMV, community respiratory
viruses

■ Noninfectious causes Aspiration, idiopathic intersti-
tial pneumonia, diffuse
alveolar hemorrhage

Fever with diarrhea

■ GVHD

■ C. difficile

■ CMV

■ Community viruses

Syndrome Common sources, pathogens

Table 99.5 Common causes of fever in the early
engraftment period



PROPHYLAXIS AND THERAPY
Antibacterial prophylaxis is recommended in allogeneic
HSCT recipients who develop chronic GVHD and
should be targeted at encapsulated organisms, includ-
ing Streptococcus pneumoniae, Hemophilus influenzae, and
Neisseria meningitidis.2 Selection of a regimen should be
guided by local pneumococcal susceptibility profiles.
Prophylaxis against Pneumocystis carinii is indicated in
allogeneic HSCT recipients and should commence with
engraftment and extend through all periods of immun-
odeficiency and for at least 6 months.2 High-risk autol-
ogous HSCT recipients are candidates for PCP prophy-
laxis, including those with underlying hematologic
malignancies, recipients of intensive preparative regi-
mens or graft manipulation, and recent recipients of
fludarabine or 2-chlorodeoxyadenosine. Trimethoprim-
sulfamethoxazole is the preferred agent. In allergic indi-
viduals, desensitization should be attempted. In those
unable to tolerate trimethoprim-sulfamethoxazole,
alternative agents include dapsone, atovaquone, and
aerosolized pentamidine. The latter is least effective and
should only be used in patients unable to tolerate other
regimens.

Prophylaxis against I. gondii is recommended in
allogeneic HSCT patients with active GVHD or with
a prior history of Toxoplasma chorioretinitis.2

Trimethoprim-sulfamethoxazole is preferred, though
rare break-through cases have occurred.52 In sulfa-
intolerant patients, clindamycin, pyrimethamine, and
leucovorin may be substituted.

Prophylaxis against yeast infections is not routinely
recommended following engraftment. The utility of
and optimal regimen for prophylaxis against aspergillo-
sis in the early postengraftment period is unclear; many
centers nevertheless choose to continue Aspergillus
prophylaxis though this period, especially in high-risk
individuals with GVHD.

All allogeneic HSCT recipients at-risk for CMV,
including CMV seropositive recipients and seronega-
tive recipients with seropositive donors, should either
receive prophylaxis commencing at engraftment or
should be monitored at least weekly for evidence of
CMV viremia.2 Several tests may be used to detect CMV
viremia, including the pp65 antigenemia assay, CMV-
DNA PCR, or hybrid capture DNA detection. Routine
and rapid shell vial cultures are less sensitive and more
time-consuming. CMV-DNA PCR is extremely sensi-
tive, but has a low positive predictive value.53 Patients
with detectable antigenemia on 2 or more consecutive
tests positive for CMV DNA should commence pre-
emptive therapy. Ganciclovir given intravenously has
been the agent of choice for prophylaxis and preemp-
tive treatment. However, one recent multicenter, ran-
domized study compared oral valacyclovir with intra-
venous ganciclovir from engraftment to day 100 in
CMV seropositive allogeneic HSCT recipients and
found oral valacyclovir comparably effective.53 Once
commenced, ganciclovir should be continued through

day 100 or at least for 3 weeks in those receiving pre-
emptive therapy, whichever is longer. If tests are avail-
able to detect viremia, a negative test result should be
confirmed prior to discontinuing ganciclovir. A pro-
phylactic strategy is preferred in centers unable to per-
form CMV antigen detection or CMV DNA detection
by PCR or hybrid capture. Some centers with these
capabilities nevertheless prefer a prophylactic strategy,
while others advocate preemptive therapy so as to
limit unnecessary ganciclovir exposure, as ganciclovir
prophylaxis has been associated with more neutrope-
nia, delayed recovery of CMV-specific immune
responses, and a higher incidence of invasive fungal
and bacterial infections.2,49,54 Neutropenia arising on
ganciclovir may be managed with G-CSF, or by hold-
ing the drug for several days. In those unable to toler-
ate ganciclovir, foscarnet may be used. The strategies
of CMV prophylaxis and preventive therapy have
reduced the incidence of CMV disease in the early
postengraftment period. There is increasing evidence,
however, of late CMV disease beyond day 100 in high-
risk patients.51 Risk factors for late disease include the
presence of chronic GVHD, corticosteroid use, delayed
development of high avidity anti-CMV antibody, low
CD4 count, and receipt of a matched unrelated or 
T-cell-depleted HSCT.2 The utility of extended prophy-
laxis in high-risk patients has not been proven; these
individuals should be monitored for evidence of CMV
viremia beyond day 100, especially during intensifica-
tion of immunosuppression. If detected, 3 weeks of
preemptive therapy is recommended. 

Because CMV disease is rare following autologous
HSCT, screening for viremia is not routinely recom-
mended, except in high-risk patients with underlying
hematologic malignancies, in those who have recently
received fludarabine or 2-chlorodeoxyadenosine, or in
recipients of particularly intensive preparative regi-
mens.2 In such individuals, monitoring to day 60 has
been suggested; viremic patients should receive 3
weeks of preemptive therapy. 

Patients with tissue invasive CMV disease, such as
pneumonia and enterocolitis, should receive 3 weeks
of therapy.5 Ganciclovir-resistant CMV is rare and usu-
ally occurs in immunodeficient patients who have pre-
viously received multiple courses of ganciclovir.
Sustained viremia through ganciclovir should suggest
the presence of UL97 genotypic resistance mutations
and prompt a switch to foscarnet.

THE LATE ENGRAFTMENT PERIOD 

The late engraftment period commences at day 100 and
continues until the discontinuation of all immunosup-
pressive therapy and the absence of GVHD. Beyond day
100, autologous HSCT recipients have a more rapid
return of immune function compared with allogeneic
recipients, and their risk of opportunistic infection is
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low. Defects in humoral, cellular, and reticuloendothe-
lial immune function persist beyond day 100 in allo-
geneic HSCT recipients for up to 18–36 months, espe-
cially in those with GVHD and in those who have
received matched unrelated, mismatched family-
related, or umbilical cord blood HSCTs. In general, the
risk of opportunistic infection correlates with the
severity of chronic GVHD during this period.

MICROBIOLOGY
Allogeneic HSCT recipients who continue to require
indwelling intravascular devices and who have dis-
rupted mucosal barriers from chronic GVHD remain
at-risk for bacterial infections from these sites. In addi-
tion, because of humoral immunodeficiency, these
patients are at higher risk of infection with encapsu-
lated organisms such as S. pneumoniae and H. influenzae.
These typically present as bacteremia, pneumonia, or
sinusitis.

Allogeneic HSCT recipients are at-risk beyond day
100 for a number of viral infections. As many will be
out of hospital, CRV infections continue to pose a
threat. Late-onset CMV disease is increasingly com-
mon, and in a recent study developed in 17.8% of allo-
geneic HSCT recipients a median of 169 days after
transplantation.55 Mortality was 46%, and 38% of sur-
vivors had a second episode a median of 79 days fol-
lowing the first episode. Risk factors at 3 months for
late CMV disease and death included GVHD, absolute
lymphopenia �100 lymphocytes/cc, CD4 T-lympho-
cyte count �50 cells/cc, prior CMV antigenemia, and
absent CMV-specific T-cell responses. Beyond 3
months, continued antigenemia or CMV DNA detec-
tion in peripheral leucocytes or plasma predicted late
disease and death. 

VZV is common following HSCT and occurs in both
autologous and allogeneic HSCT recipients.56 Eighty-
six percent of cases occur within the first 18 months,
with a median onset at 5 months.5,56 Risk factors
include age �10, radiation as part of the conditioning
regimen, and VZV seropositivity.56 Patients with der-
matomal disease are at-risk for cutaneous or visceral
dissemination, especially in the setting of GVHD.
Atypical presentations of VZV with few vesicles or pain
in the abdomen or back can occur. Atypical general-
ized zoster presents with multiple vesicular lesions
without a dermatomal distribution. In those with der-
matomal disease, the presence of more than 10 lesions
outside the dermatome defines cutaneous dissemina-
tion. Visceral dissemination may involve the lungs,
liver, or CNS.

EBV infection is common following HSCT, espe-
cially in EBV seronegative patients with a seropositive
donor. Symptomatic disease is less common and may
include fever with a mononucleosis-like illness, aplas-
tic anemia, meningoencephalitis, or posttransplant
lymphoproliferative disorder (PTLD). PTLD is the most
feared manifestation of EBV infection and arises due to

polyclonal or monoclonal B-cell activation in the set-
ting of inadequate EBV-specific T cell immune surveil-
lance. PTLD may present as a mono-like illness, as
focal mass lesions in various sites, such as the lung or
brain, as intestinal bleeding or perforation, or as wide-
spread disease involving multiple organs, mimicking
lymphoma. Onset typically occurs 3–5 months follow-
ing HSCT. The incidence varies from �1% in matched
related allogeneic HSCT recipients to up to 18% in cer-
tain high-risk groups, including recipients of matched
unrelated, mismatched or T-cell depleted allografts,
and those who receive GVHD prophylaxis with T-cell
specific monoclonal antibodies or antithymocyte glob-
ulin.57,58

Mycobacterial infections due to M. tuberculosis and
nontuberculous mycobacteria are rare but reported fol-
lowing HSCT and typically present with a median
onset at 4–5 months following transplantation.59,60

Nontuberculous mycobacterial infections present as
catheter-related infections, or as pulmonary, cuta-
neous, or disseminated disease. M. tuberculosis most
often produces reactivation pulmonary disease, but
rarely presents with pleural, nodal, cutaneous, mar-
row, or CNS involvement. 

EVALUATION AND MANAGEMENT OF THE 
FEBRILE PATIENT
The differential diagnosis of fever in the late post
engraftment period is broad, as many patients will be
out of hospital and at-risk for community-acquired
infectious diseases. The risk of opportunistic infection
is proportionate to the extent of GVHD present and
the degree of residual immunodeficiency. Autologous
HSCT recipients are much less likely to have an oppor-
tunistic infection compared with allogeneic patients.
The diagnostic evaluation and management should be
guided by the history, by the presence or absence of
localizing complaints, by the presence or absence of
GVHD and the degree of immunodeficiency, and by
the prior infectious disease history.

The differential diagnosis of fever without localiz-
ing symptoms or signs should include bacteremia,
late-onset CMV disease, and PTLD. Although patients
with chronic GVHD or indwelling intravascular
devices remain at-risk for bloodstream infections with
staphylococci and Gram-negative bacilli, encapsulated
organisms should be suspected. All patients should
have blood cultures obtained. High-risk patients for
late-onset CMV disease should be screened for CMV
viremia. PTLD is rare, but circulating EBV may be
sought by PCR and high titers correlate with a greater
likelihood of PTLD. If suspected, CT scans to identify
adenopathy or masses in the chest, abdomen or pelvis
should be performed. 

In febrile patients without an obvious source of
infection, empiric antibiotic therapy should be
strongly considered pending blood cultures and should
include coverage of S. pneumoniae, H. influenzae, and
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N. meningitidis. Knowledge regarding the local inci-
dence of penicillin-resistant pneumococci is essential
in selecting a regimen. Patients with proven bacteremia
with an encapsulated organism should be screened for
hypogammaglobulinemia. Patients with late CMV
viremia or invasive disease should be treated as out-
lined previously; clearance of viremia should be doc-
umented at the conclusion of 3 weeks of antiviral
therapy. 

The differential diagnosis in patients with a pneu-
monia syndrome depends upon the history, the likeli-
hood of opportunistic infection, and the radiographic
pattern of the infiltrate. In patients with acute onset of
fever, a productive cough and a focal infiltrate, pneu-
mococcal or H. influenzae pneumonia should be sus-
pected. The presence of a nodular or cavitary infiltrate
should suggest aspergillosis, tuberculosis, nocardiosis,
zygomycosis, or PTLD. Interstitial infiltrates should
suggest CMV, PCP, CRV, or noninfectious causes,
which may account for up to 50% of cases in this set-
ting. Diagnostic evaluation should include blood cul-
tures and examination of expectorated sputum for
pathogens suspected from the history and radi-
ographic findings. Bronchoscopy may be necessary to
establish a diagnosis in those with nodular, cavitary or
interstitial infiltrates.

Sinusitis and otitis media from encapsulated organ-
isms occur with higher frequency in the late engraft-
ment period; symptoms to suggest these diagnoses
should be carefully sought in allogeneic HSCT recipi-
ents with fever. Patients with VZV may present with

dermatomal or atypical pain that heralds the onset of
rash by up to 72 h. 

PROPHYLAXIS AND THERAPY
Patients with chronic GVHD should receive prophy-
lactic antibiotic therapy directed against encapsulated
organisms as long as immunosuppressive treatment is
being administered; the regimen should be selected
based upon local resistance patterns of S. pneumoniae
and H. influenzae.2 The 23-valent pneumococcal poly-
saccharide vaccine should be administered 12–24
months after HSCT and HiB conjugate vaccine should
be given at 12, 14, and 24 months as well.2 Patients
with hypogammaglobulinemia may require replace-
ment therapy if they experience recurrent infections
with encapsulated organisms, or at the time of a seri-
ous first episode.

CMV prophylaxis is not recommended beyond day
100, but high-risk patients should receive biweekly
screening. Ganciclovir should be administered for at
least 3 weeks if viremia is detected. EBV and VZV pro-
phylaxis are not  recommended.2 Anecdotal reports
have suggested efficacy of acyclovir and ganciclovir in
patients with PTLD, but no large trials have been per-
formed and antiviral therapy is not recommended.2 If
possible, immunosuppression should be reduced if
PTLD is identified. The administration of donor-
derived, EBV-specific cytotoxic T cells has demon-
strated promise in the prevention of PTLD in high-risk
patients.61 Influenza immunization is indicated on an
annual basis beginning 6 months after HSCT.2
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INTRODUCTION

Blood or marrow transplantation is the standard of
care for many hematologic malignancies and selected
nonmalignant diseases. Whether transplantation suc-
ceeds or fails depends, in part, on the ability of the
patient to tolerate the preparative treatment. This
chapter will focus on the major toxicities of myeloabla-
tive preparative regimens. Reduced-intensity regimens
are usually described as being nonmyeloablative. Some
of these regimens are, in fact, are quite toxic. Although
this is a generalization, it is safe to say that reduced-
intensity regimens are associated with fewer early
treatment-related deaths. Where these regimens are
most appropriately used remains the subject of intense
investigation. A more detailed discussion of this
approach can be found elsewhere in this text. 

REGIMEN-RELATED TOXICITY

Toxicities that can be directly attributed to the prepar-
ative regimen are referred to as regimen-related toxici-
ties (RRTs). Excluded are infection, hemorrhage, and
graft-versus-host disease (GVHD). Less clear are the
toxicities that are the result of GVHD prophylaxis.
Although flawed, a set of criteria developed in Seattle
in the late 1980s remains one of the few designed to
evaluate toxicity from myeloablative therapy.1 This
system was devised in patients who were prepared for
transplantation using cyclophosphamide and total
body irradiation (TBI). Life-threatening or fatal RRT
was more common in patients who received higher
TBI doses, who were transplanted with relapsed dis-
ease, and who received allogeneic versus autologous
grafts. It also demonstrated that RRT was cumulative.
Patients who developed grade 2 RRT in three or more
organs were more likely to die by day 100 than those
who developed grade 2 RRT in fewer organs.

Preparative regimens, particularly those that are
myeloablative, usually employ noncross resistant
drugs with nonoverlapping, nonhematopoietic toxici-
ties. Dose-limiting toxicities are to nonhematopoietic
organs and are similar among the different regimens
(Table 100.1). The spectrum of such toxicities may
change as newer immunosuppressive regimens that do
not include methotrexate are studied.2–5

CARDIAC TOXICITY
Cardiac toxicity is the dose-limiting toxicity of the oxa-
zophosphorine chemotherapeutic agents cyclophos-
phamide and ifosfamide. Pathologically, cardiac toxic-
ity is characterized by hemorrhagic pancarditis. Patients
with severe cardiac toxicity can develop severe conges-
tive heart failure and pericardial effusions with tampon-
ade within 24–48 h of receiving high-dose cyclophos-
phamide or ifosfamide.6,7 Risk factors reported for
severe cardiac toxicity include previous treatment with
anthracyclines8,9 and reduced left-ventricular function
prior to transplant.10

Murdych and Weisdorf evaluated the incidence of
serious cardiac complications over a 20-year period in
more than 2800 patients transplanted at the
University of Minnesota.11 Twenty-six of 2921 (�1%)
patients developed life-threatening cardiac toxicity,
half of whom died. Severe cardiac toxicity remains an
uncommon complication of high-dose cytoreduction.
However, subclinical cardiac toxicity, manifested by
asymptomatic pericardial effusions and echocardio-
graphic evidence of left-ventricular dysfunction, is not
uncommon.8,12,13

The pathogenesis of cardiac toxicity is unclear.
Several groups have measured troponin 1 (Tn1) levels in
patients receiving high-dose chemotherapy. Morandi
and colleagues measured Tn1 levels in 16 breast cancer
patients who received 7 g/m2 of cyclophosphamide as
part of a high-dose chemotherapy regimen.14 Cyclo-
phosphamide was given in five divided doses every 3 h

1077

100Chapter 100
NONINFECTIOUS
COMPLICATIONS OF STEM 
CELL TRANSPLANTATION
Scott I. Bearman

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use. 



over a 13-h period. Tn1 was measured at baseline and
at 6, 12, 24, and 48 h after the first dose of cyclophos-
phamide. Levels never exceeded normal values in any
of the patients studied and were not measurable in 12
of the 16 patients. 

However, this may not be the case with anthracy-
cline-containing high-dose regimens. Cardinale and
colleagues measured Tn1 levels shortly after trans-
plant and 1 month later. Patients were segregated into
three groups: those whose levels remained normal
(Tn1 �/� group), those with only an early rise in tro-
ponin (Tn1 �/� group), and those whose troponin
levels were elevated at both time points (Tn1 �/�

group). Echocardiograms were performed in all
patients prior to and at various times following trans-
plant. They reported that left ventricular ejection frac-
tions did not change in the Tn1 �/� patient group
and less than 1% of patients had cardiac events.
Cardiac events were much more common in patients
whose Tn1 levels increased, even transiently. Patients
in the Tn1 �/� group had a significantly greater num-
ber of cardiac events (84%) than patients in the Tn1
�/� group (37%).15 These results suggest that cardiac
toxicity after high-dose anthracyclines occurs by dis-
ruption of myocardial membranes while cardiac toxi-
city after high-dose cyclophosphamide occurs by
another mechanism, possibly affecting endothelium
or interstitium.16

Cardiac toxicity following autologous transplanta-
tion for AL amyloidosis is common and often severe.
Cardiac involvement is common in patients with AL
amyloidosis and is associated with an increased risk of
cardiac toxicity following transplant. Investigators at
Boston University reported that 20 of 28 patients who
died within 3 months of transplant had evidence of
amyloid cardiomyopathy prior to transplant.17 The
Mayo Clinic group reported that five out of six
patients with interventricular septal wall thickness
greater than 15 mm died after transplant, none of
whom had congestive heart failure or reduced left ven-
tricular function.18

Life-threatening arrthymias are common in patients
transplanted for AL amyloid. Moreau et al. reported
that three of nine patients who died within 1 month
of transplant had fatal cardiac arrthymias.19 Cardiac
complications may be more common among AL amy-
loid patients even after less intense preparative ther-
apy. Comenzo and colleagues reported that 5 of 30

patients who received 100 mg/m2 of melphalan rather
than the standard 200 mg/m2 died of transplant-
related complications by day 100. Two had cardiac
arrests. Their pretransplant ejection fractions were
37% and 40%.20

MUCOSAL AND GASTROINTESTINAL TOXICITY
Most of the drugs or modalities used in myeloablative
regimens produce mucosal injury, including etopo-
side, melphalan, and TBI. About 75% of patients who
are prepared using myeloablative regimens develop
mucositis.1,21,22 It is the most common complaint of
transplant patients.23,24 Injury to actively dividing
cells in the basal cell layer begins with the first cytore-
ductive treatment and lasts 10–14 days, leading to
atrophy, ulceration, and local infection, which is also
compounded by neutropenia. Severe mucositis is asso-
ciated with an increased risk of bacteremia. Utilization
of total parenteral nutrition, number of febrile days,
and total charges all correlate with increasing severity
of mucositis.25

A number of strategies to prevent mucositis have
been studied. Glutamine, an essential amino acid that
has been reported to protect the mucosa,26,27 has been
the subject of several randomized trials. One study
found no benefit while the other two reported a bene-
fit for patients receiving glutamine supplementa-
tion.28–30 In the largest of these studies, Anderson ran-
domized 193 patients to receive or not to receive oral
glutamine. Autologous stem cell recipients benefited
with less pain and narcotic use while allogeneic trans-
plant patients did not. However, day 28 survival was
superior for allogeneic patients who received gluta-
mine. The authors suggested that allogeneic transplant
patients did not benefit because of the use of
methotrexate for GVHD prophylaxis.

Both G-CSF and GM-CSF have been studied to pre-
vent mucositis. Patients who receive conventional
dose chemotherapy appear to benefit from hematopoi-
etic growth factors but transplant patients do not.31,32

Interleukin-11 (IL-11) has been reported to reduce
mucositis in autologous transplant recipients.33 The
benefits of IL-11 appear to be outweighed by the risks
among allogeneic transplant recipients. Antin and
coworkers studied IL-11 in allotransplant recipients
prepared with cyclophosphamide/TBI who received
cyclosporine and methotrexate as GVHD prophy-
laxis. The study was stopped early due to excessive
toxicity.34

There have been several recent studies with promis-
ing new agents to prevent mucositis. Keratinocyte
growth factor (KGF) is a member of the heparin-bind-
ing family of fibroblast growth factor 7 and stimulates
the proliferation and differentiation of epithelial cells
from several tissues, including the gastrointestinal
tract.35,36 KGF was shown to reduce mucositis in ani-
mals receiving chemotherapy and/or radiation.37,38

Spielberger and colleagues recently reported the results
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Cyclophosphamide Heart, bladder, liver
Busulfan Lungs, liver
Etoposide Mucosa
BCNU Lungs
Melphalan Mucosa

Table 100.1 Dose-limiting toxicities of drugs commonly
used in myeloablative preparative regimens

Drug Organ at risk



of a prospective, randomized placebo-controlled study
of KGF in patients prepared for autologous transplant
with TBI and high-dose etoposide and cyclophos-
phamide.39 Patients given KGF before and after high-
dose chemoradiotherapy had less WHO grade 3 and 4
oral mucositis and required less narcotics and total
parenteral nutrition. The duration of mucositis was
reduced, as well.

The synthetic protegrin iseganen has also been
studied to prevent mucositis in transplant patients.
Protegrins are naturally occurring antibiotic peptides
derived from specific granules of neutrophils, with a
very broad spectrum of activity. Vesole and colleagues
conducted a phase II study of iseganen in 187 trans-
plant patients prepared with mucositis-causing regi-
mens.40 Mucositis was reduced by 42% in patients who
took this agent for 4 or more days prior to stem cell
infusion. Recently, a prospective randomized trial of
iseganen was conducted and reported. Giles et al. ran-
domized 501 patients to receive or not to receive isega-
nen with myeloablative therapy. In this study, the inci-
dence and severity of mucositis was not different in
the two groups.41

There have also been several studies of the cytopro-
tectant amifostine. Amifostine is an organic thio-
phoshate that is dephosphorylated by membrane
bound alkaline phosphatase to its active metabolite
WR-1065. It is a potent free radical scavenger and has
been shown to be cytoprotective against radiotherapy
and certain chemotherapeutic agents, such as cisplatin
and nitrogen mustard.42,43 Amifostine has been stud-
ied in the transplant setting in patients prepared with
high-dose melphalan. Phillips and colleagues have
reported a phase I/II study of melphalan dose escala-
tion with amifostine. Mucositis was not greater in
patients treated with escalated doses of melphalan
(with amifostine) than in patients treated with the
standard dose of 200 mg/m2 without amifostine.44,45

Other gastrointestinal complaints, such as nausea
and vomiting, pain, and diarrhea are common after
high-dose chemotherapy and/or TBI. Patients experi-
ence nausea and vomiting due to effects on the brain’s
emesis center or because of direct mucosal toxicity.
Treatment of mucosal pain with opiates can also cause
or worsen nausea. The type 3 serotonin antagonists
ondansetron, grantisetron, and tropisetron are effec-
tive in about half of patients.46,47 Delayed nausea and
vomiting remain significant problems in transplant
patients.48 Newer agents such as palonosetron,
another 5-HT3 antagonist and aprepitant, a neu-
rokinin-1 receptor antagonist, may have a role in
transplant patients.49

VENOOCCLUSIVE DISEASE OF THE LIVER/SINUSOIDAL
OBSTRUCTION SYNDROME
Hepatic toxicity is, arguably, the most problematic
RRT after ablative preparative therapy. Patients with
hepatic toxicity develop painful hepatomegaly and

retain fluid early in the course of the disease, which is
followed by rising bilirubin and, sometimes, transami-
nases.50–52 Clinical signs of portal hypertension pre-
cede those of hepatic parenchymal injury (hyperbiliru-
binemia, elevated transaminases). Furthermore, not all
patients have hepatic venular occlusion on biopsy or
autopsy material.51 For this reason, DeLeve and col-
leagues have suggested that the more appropriate
name for this toxicity is sinusoidal obstruction syndrome
(SOS) rather than venoocclusive disease (VOD). 

The sinusoidal endothelial cell (SEC) appears to be
the primary target in this syndrome. The endothelial
marker plasminogen activator inhibitor-1 increases
early and specifically in patients with SOS–VOD.53,54

Another endothelial marker, thrombomodulin, also
increases after high-dose therapy.55 Hyaluronic acid,
which is metabolized by SEC, has also been reported to
be elevated in patients with SOS–VOD.56 Coculture of
SEC and hepatocytes and exposure to cyclophos-
phamide results in greater damage to SEC compared to
hepatocytes. It is believed that metabolic activation of
cyclophosphamide by hepatocytes generates the toxic
metabolite acrolein, which produces the injury.
Supporting intracellular levels of glutathione can
reverse this injury.57 Busulfan affects cyclophos-
phamide metabolism by reducing glutathione levels in
hepatocytes and SEC.58,59 This is probably why
SOS–VOD occurs less frequently when cyclophos-
phamide administration precedes busulfan than the
other way around.60 Fatal VOD can occur after IV busul-
fan plus cyclophosphamide although busulfan levels
are far more reliable after intravenous administration.61

Fluid retention and painful hepatomegaly are the
first signs of SOS–VOD and appear on or around the
date of stem cell infusion. Hyperbilirubinemia devel-
ops about a week later. Ascites is uncommon in
patients with mild or moderate disease while about
half of patients with severe disease develop ascites.50

The most common cause of death in patients with
SOS–VOD is multiorgan failure rather than liver fail-
ure.50,62 Rapid increases in weight and bilirubin charac-
terize patients with SOS–VOD who are more likely to die. 

Active hepatic parenchymal inflammation (elevated
transaminases),50 second transplants using ablative
preparation,63 and preexisting hepatic fibrosis64,65 have
been reported to be risk factors for SOS–VOD. Elevated
levels of soluble thrombomodulin and von Willebrand
factor prior to transplant have been reported in
patients who went on to develop SOS–VOD, suggest-
ing that endothelial injury prior to the start of prepar-
ative therapy is also a risk factor.66

Historically, SOS–VOD was a common complication
of ablative transplant, with up to 53% of patients
developing this problem and up to two thirds of
affected patients dying. 50 More recent reports suggest
that the incidence of SOS–VOD is much less.67 The
decrease in incidence and severity of SOS–VOD may be
due to healthier patients with fewer underlying risk
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factors (chronic hepatitis C being largely eliminated),
and the use of less intensive preparative regimens. 

An association between SOS–VOD and treatment
with gemtuzumab ozogamicin, a humanized anti-
CD33 monoclonal antibody conjugated to the antitu-
mor antibiotic calicheamicin, has been reported.68–70

SOS–VOD after gemtuzumab ozogamicin has been
reported in both transplant and nontransplant set-
tings. Recently, Wadleigh et al. reported that SOS–VOD
was more common in patients who received gem-
tuzumab ozogamicin prior to transplant than in
patients who did not receive gemtuzumab ozogam-
icin. Furthermore, only patients who received gem-
tuzumab ozogamicin within 3.5 months of their trans-
plant developed SOS–VOD.71 Rajvanshi et al. reported
on the outcome of patients who received gemtuzumab
for relapsed AML after a previous stem cell transplant.
Eleven of 23 patients developed SOS–VOD.69

Histologic material was available from five patients.
Extensive sinusoidal collagen deposition was seen,
suggesting that gemtuzumab ozogamicin targets
CD33� cells within the sinusoids.

Fractionated TBI results in less SOS–VOD than sin-
gle fraction.72 Shielding the liver during TBI may
reduce SOS–VOD but may increase the risk of relapse.73

Many institutions use ursodeoxycholic acid74,75 but it
is unclear whether survival is impacted by this agent.
Spontaneous recovery is the usual outcome for
patients with SOS–VOD who recover and treatment is
supportive.

Richardson and colleagues have studied defibrotide
(DF), a single-stranded polydeoxyribonucleotide with
anti-ischemic, antithrombotic and thrombolytic activ-
ity and no significant anticoagulant effects, in patients
with severe SOS–VOD.76 A total of 102 patients with
severe SOS–VOD, 97% of whom had multiorgan dys-
function, have now been treated.77 Fifty-four percent
of patients achieved complete responses. Median PAI-1
levels decreased and protein C increased in patients
who achieved complete responses. No significant
adverse events occurred. There are also anecdotal
reports of using N-acetylcysteine78 and L-glutamine79,80

for prevention or treatment of SOS–VOD. Surgical or
invasive approaches have been used for patients with
severe SOS–VOD, with mixed results. Several patients
have even been treated with portosystemic shunts81 or
liver transplantation.82–84 Transplantation was success-
ful in several patients.

RENAL DYSFUNCTION

Renal dysfunction occurs commonly after ablative
high-dose preparative therapy. The causes include
tumor lysis, infusion of cryopreserved marrow or stem
cells, certain chemotherapeutic agents, and nephro-
toxins. Ifosfamide, melphalan, and cisplatin are the
agents used in high-dose regimens most likely to cause

renal dysfunction. Renal dysfunction due to these
drugs is usually mild and reversible. Severe renal dys-
function occurs most commonly in association with
dysfunction of multiple organs.

The manifestations of early and late renal dysfunc-
tion after transplantation are different. About 40% of
patients develop early renal dysfunction, which may
require dialysis in 25–50% of the affected patients.85

Early renal dysfunction is more likely in allotransplant
recipients due to GVHD prophylaxis with cyclosporine
or tacrolimus. Severe dysfunction is more common in
the setting of nephrotoxic antibiotics or sepsis.
Treatment of early renal dysfunction is supportive and
requires delicate management of intravascular vol-
ume, diuretics, hemodialysis, or ultrafiltration. Most
patients who need dialysis die.

Late renal dysfunction usually manifests as
hemolytic uremic syndrome (HUS). Patients present
with microangiopathic hemolytic anemia, hyperten-
sion, renal failure, and encephalopathy. Both autolo-
gous and allogeneic patients develop late renal dys-
function, which is often attributable to TBI. Partial
shielding of the kidneys can reduce the incidence of
HUS.62,86 Cyclosporine, tacrolimus, and sirolimus can
also cause HUS.87–89 HUS due to cyclosporine or
tacrolimus is usually not improved by switching to the
other agent. 90 Several groups have studied amifostine
in the transplant setting to prevent renal toxicity, with
mixed results.91,92

The issue of whether preexisting renal dysfunction
precludes patients from transplant has also been
recently studied. Patients with AL amyloidosis com-
monly develop nephrotic syndrome and/or renal
insufficiency. High-dose melphalan and autologous
stem cell transplantation can improve nephrotic syn-
drome in many patients.17,18,93,94 In the immediate per-
itransplant period renal function usually worsens and
then improves.95 Unfortunately, most patients with AL
amyloidosis have progressive renal dysfunction over
time. Those patients who achieve complete hemato-
logic responses after autologous transplant preserve
their renal function better than patients who have per-
sistent disease after transplant. Renal failure does not
preclude transplantation for patients with AL amyloi-
dosis provided cardiac and pulmonary function are
satisfactory. AL amyloid patients with renal failure
who undergo transplant develop more toxicity than
other patients but their complete remission rates and
1-year survival are comparable to patients without
end-stage renal disease.17

San Miguel and colleagues96 reviewed the out-
comes of 566 patients with multiple myeloma in the
Spanish Autologous Stem Cell Transplantation reg-
istry. Patients were categorized according to renal
function (abnormal function at diagnosis but normal
at transplant; abnormal at both diagnosis and trans-
plant; normal at both diagnosis and transplant).
Treatment-related mortality was significantly greater
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in patients who had abnormal renal function at both
diagnosis and transplant. They reported that poor
performance status, hemoglobin �9.5 mg/dL, and
creatinine �5 mg/dL were independent risk factors
for TRM. Renal function did not affect response to
transplant.

Badros et al. transplanted 81 multiple myeloma
patients with renal failure, including 38 on dialysis.97

Sixty patients (including 27 on dialysis) received 200
mg/m2 of melphalan while 21 received 140 mg/m2.
Patients on dialysis developed significantly more pul-
monary complications and encephalopathy. Early
treatment-related mortality was not influenced by the
dose of melphalan. Only 31 of the 81 patients received
a second planned cycle of high-dose melphalan. The
patients in this study who received two transplants did
not do any better than those who were transplanted
once.

NEUROTOXICITY
Some agents used in transplant regimens can cause
central nervous system (CNS) toxicity and peripheral
neuropathy. Antiseizure medications providing thera-
peutic levels can prevent seizures that can occur after
high-dose busulfan.98,99 CNS toxicity occurring after
high-dose cytarabine can be reduced by careful atten-
tion to renal function and dose adjustment when indi-
cated.100,101

Leukoencephalopathy is a progressive and often fatal
form of CNS toxicity that presents with seizure, confu-
sion, dysarthria, weakness, and coma, usually several
months posttransplant.102,103 Most patients who develop
leukoencephalopathy have received radiation and/or
intrathecal therapy after transplant. Cyclosporine or
tacrolimus can also cause leukoencephalopathy that
tends to occur earlier than leukoencephalopathy due to
CNS therapy and usually improves after discontinuation
of treatment.104 Neurotoxicity as a result of cyclosporine
resolves or improves in most patients after switching to
tacrolimus.90

Some patients develop cognitive dysfunction after
stem cell transplantation. Phipps and colleagues con-
ducted a prospective study of neurocognitive function
in children who underwent transplant and found that
age at the time of transplant was the single predictor of
late neurocognitive sequelae. Patients who were 6 years
of age or older had a minimal risk of cognitive seque-
lae while younger patients, particularly those younger
than 3 years of age, had a greater risk.105 Some adults
also experience neuropsychological impairment after
transplant, characterized by slowed reaction time, dif-
ficulty with attention and concentration, and troubles
with reasoning and problem solving,106 which was cor-
related with TBI dose. The incorporation of taxanes in
high-dose regimens has increased the incidence of
peripheral neuropathy in transplant patients.107–113

Whether taxane drug levels correlate with neurotoxic-
ity is unclear.107,113

HEMORRHAGIC CYSTITIS
Hemorrhagic cystitis after transplant may be caused by
cyclophosphamide or ifosfamide. The nonenzymatic
metabolite of these agents, acrolein, causes hyperemia
and ulceration of the bladder mucosa, resulting in
hemorrhage and focal necrosis. Previously treatment
with busulfan appears to increase the risk of hemor-
rhagic cystitis.114 Prophylaxis includes hyperhydration
with forced diuresis, bladder irrigation, or mesna.
There is no clear preferred strategy. Randomized stud-
ies comparing one prophylactic strategy to another
have had mixed results.115–119

BK polyoma virus is another cause of hemorrhagic
cystitis.117,120–123 Several investigators have demon-
strated the presence of BK viruria in patients undergo-
ing transplant, not all of whom had hemorrhagic cys-
titis. Neither background viral reactivation nor
urothelial damage explain the increase in BK viruria in
patients with hemorrhagic cystitis. This data was cor-
roborated by Bogdonovic and colleagues, who also
found that the risk of hemorrhagic cystitis from BK
virus was the viral load.124

Late hemorrhagic cystitis can also be caused by ade-
novirus. In both culture and PCR analyses, 60% and
57% of patients were positive for adenovirus, respec-
tively. PCR was not quantitative in this study and
therefore no information is available regarding the
number of viral copies and extent of disease.125

Early microscopic hematuria usually resolves spon-
taneously. Late hemorrhagic cystitis can result in sig-
nificant bleeding and pain and treatment can be prob-
lematic. A number of therapies have been reported,
including bladder instillation with formalin,126

prostaglandin E1
127 or alum,128 electrode fulgura-

tion,129 suprapubic cystostomy,130 and embolization of
vesicle arteries.131 Several patients have been treated
with intravesical antibiotics.132 Most of these reports
are anecdotal, making it difficult to determine whether
one is superior to another. Hemorrhagic cystitis may
be more common in recipients of unrelated donor
stem cells.133

PULMONARY TOXICITY
Idiopathic pneumonia syndrome occurs in 10% or less
of patients who undergo transplantation using mye-
loablative preparative regimens. It occurs in similar
frequency among allogeneic and autologous trans-
plant recipients and has a high case-fatality rate, about
75%.134,135 IPS occurs a median of 21 days posttrans-
plant and appears to be more common in allogeneic
transplant recipients with severe acute GVHD and in
patients transplanted for diagnoses other than
leukemia.134 Almost 70% of patients with IPS require
mechanical ventilation a median of 2 days after the
onset of radiographic changes. Ventilated patients
rarely survive to be discharged from the hospital.136,137

Patients with IPS who die usually do so as a result of
respiratory failure. Steroids are usually ineffective.
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The precise mechanism of IPS is unclear, although
the data suggest that a number of proinflammatory
events in the peritransplant period are responsible. BAL
fluid of patients with lung injury contains increased
amounts of TNF-�.138,139 Schots et al. reported that
serum levels of TNF-� and the inflammatory cytokines
IL-6 and IL-8 are increased in patients who develop
major treatment-related complications, including
IPS.140 In a small series of patients, neutralization of
TNF-� with Etanercept, a soluble, dimeric TNF-� bind-
ing protein, resulted in significant improvement in pul-
monary function in patients with IPS.141

Other investigators have studied potential markers
for IPS, in the hope that they might identify patients at
risk and intervene before development of clinical dis-
ease. DiNubile and colleagues measured plasma gel-
solin levels in 24 patients undergoing allogeneic stem
cell transplantation.142 Gelsolin is one of several pro-
teins found in plasma that bind actin. There was a sig-
nificant association between the last measured gelsolin

level and survival time posttransplant. Lower gelsolin
levels were associated with a higher chance of dying.
The authors postulate that the conditioning regimen
produces tissue injury that depletes circulating gel-
solin.143

CONCLUSION

The reduction in toxicity due to ablative regimens is
not likely to diminish by the development of new
ablative programs. In fact, there are few examples of
truly new ablative regimens. Rather, better under-
standing of the pathophysiology of RRTs will lead to
new approaches for their prevention and treatment.
Development of newer immunosuppressive regimens,
such as the combination of tacrolimus or cyclosporine
with mycophenolate mofetil, is likely to make a much
greater impact on toxicity than changes in the ablative
program itself. 
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THE HISTORY OF CANCER CHEMOTHERAPY

The term chemotherapy refers to the treatment of can-
cer or other malignant diseases by using specific drugs
that selectively destroy growing cells. Prior to the
advent of chemotherapy, two main modalities were
used in the treatment of cancer: surgery and radiation.
Both options, although effective for many types of
cancer, are localized forms of therapy. Chemotherapy
provided the first systemic form of treatment, using
the bloodstream as a means of disseminating drug to
both the tumor site as well as areas of metastasis.
Additionally, this provided a major breakthrough in
the treatment of hematologic malignancies, such as
leukemia and lymphoma, which had previously been
virtually untreatable with surgery or radiation.

The advent of modern chemotherapy originated
during World War I, with the observation that soldiers
who had been exposed to mustard gas, or sulfur mus-
tard, experienced significant decreases in their white
blood cell counts, specifically their lymphocytes.
Krumbaar first described these findings in 1919, as he
noted atrophy of lymphoid and testicular tissue, as
well as bone marrow depression, in soldiers who had
been subject to poisonings.1 This observation led
investigators to take a closer look at nitrogen mustard,
a compound closely related to sulfur mustard, as an
antitumor agent. Various animal studies took place
throughout the 1920s and 1930s, and advances in the
use of nitrogen mustard as a topical anticancer agent
were made.1 With the start of World War II, initiatives
in chemical warfare again intensified. Further study of
nitrogen mustard and related compounds suggested
that the basic effects on cellular mechanisms could be
compared to that of X-rays. A true breakthrough
occurred at Yale University in 1942, when Goodman,
Gilman, Philips, and Allen discovered the systemic

antitumor activity of nitrogen mustard.2 Because of
wartime secrecy, these findings were not published
until 1946. Their observations in animals led to the
first human study, in 1942, of a man with “x-ray resis-
tant lymphosarcoma.” After 10 days of therapy with
this compound, the result was striking, as the patient’s
tumors had virtually melted away.3 Although the
patient relapsed one month later, a new era in the
treatment of cancer had begun.

CHEMOTHERAPEUTIC AGENTS USED
IN THE TREATMENT OF HEMATOLOGIC
MALIGNANCIES

ALKYLATING AGENTS
Thousands of variants of the basic chemical structure
of nitrogen mustard have been developed over the
years, but few have matched the success and utility of
the original compound. These variants include some
of the oldest, yet most valuable of all antineoplastic
drugs. Five basic types of alkylating agents are cur-
rently in use.

■ Nitrogen mustard derivatives (mechlorethamine,
cyclophosphamide, ifosfamide, melphalan, chlo-
rambucil)

■ Ethylenimines (triethylenemelanime, thiotepa,
altremaine)

■ Alkyl sulfonates (busulfan)
■ Nitrosoureas (carmustine, streptozocin)
■ Triazenes (dacarbazine)

The chemotherapeutic effect of alkylating agents is
attributed to their highly reactive alkyl groups, which
form covalent bonds with nucleophilic groups found
on proteins and nucleic acids.4 The alkylating agents by
nature are strong electrophiles (electron acceptors),
which react quickly with nucleophiles (electron donors)
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found on DNA bases, such as phosphate, amino,
sulfhydryl, hydroxyl, carboxyl, and imidazole groups.
Ultimately, these bonds result in cross-linking of DNA
base pairs, either between two strands of DNA or
within the same strand. This cross-linking prevents the
DNA strand from unwinding properly for replication,
ultimately leading to inhibition of DNA synthesis and
cell death.4,5 It is thought that apoptosis is stimulated
by p53 pathways in response to this DNA damage.
Alkylating agents can affect cells at any point in the
cell cycle (cell-cycle nonspecific), but rapidly dividing
cells experience the strongest insult.

Toxicity 
As Krumbhaar noted in 1919, poisoning caused by sul-
fur mustard is characterized by aplasia of bone mar-
row, dissolution of lymphoid tissue, and ulceration of
the gastrointestinal tract.1 While the alkylating agents
differ somewhat in spectrum of activity and severity of
adverse effects, most exhibit toxicities similar to those
observed with the original agent. These compounds
are typically dose-limited by suppressive effects on the
bone marrow. Myelosuppression often manifests
acutely, with an onset of 6–10 days and recovery
within 14–21 days.5 Some compounds, such as busul-
fan and carmustine, exhibit a prolonged suppression
of granulocytes and platelets, and for this reason are
commonly used in stem cell transplant preparative
regimens. Suppression of both cellular and humoral
immunity occurs frequently. The rapidly dividing cells
of the intestinal mucosa are particularly sensitive to
the effects of alkylating agents, evidenced by mucositis
and stomatitis. Specific organ toxicities, such as pul-
monary fibrosis, have been reported with all alkylating
agents. In addition, this entire class of compounds is
associated with a high incidence of secondary malig-
nancies, affecting up to 5% of exposed patients6 (Table
101.1).

Selected alkylating agents
Cyclophosphamide Cyclophosphamide is a nitrogen-
mustard derivative that possesses a broad spectrum of
activity. Its clinical usefulness is widespread, and it
remains a key component of treatment regimens for a
variety of malignancies, including non-Hodgkin’s lym-
phoma and acute lymphocytic leukemia.5 Additionally,
the immunosuppressive properties of cyclophos-
phamide have been found to be effective in the treat-
ment of various nonmalignant conditions, such as
Wegener’s granulomatosis, rheumatoid arthritis,
nephrotic syndrome, and control of organ rejection after
transplantation.5

Cyclophosphamide is a prodrug and requires activa-
tion by hepatic cytochrome P450 2B enzymes for its
therapeutic effect. It is converted to 5-hydroxyphos-
phamide, which exists in equilibrium with its tautomer,
aldophosphamide. Further conversion to phospho-
ramide mustard in susceptible cells results in liberation

of the active alkylating compound and subsequent cell
toxicity.17

Pharmacokinetics/metabolism: Cyclophosphamide is
well absorbed from the gastrointestinal tract and is
available for both oral and intravenous administra-
tion. It distributes widely to tissues, and penetrates the
CNS to a small extent.18 Hepatic metabolism is
required for conversion of cyclophosphamide to its
active form as well as inactive metabolites. These inac-
tive metabolites undergo renal excretion along with
unchanged drug (�15%).18

Toxicity: The dose-limiting toxicity of cyclophos-
phamide is myelosuppression, mainly leukopenia.
While white blood cells are sensitive to cyclophos-
phamide, platelets are less affected. Alopecia, dose-
dependent nausea and vomiting, mucositis, and stom-
atitis are common. Cardiac dysfunction, manifesting
as congestive heart failure, has occurred rarely.
Cyclophosphamide may potentiate the cardiac toxic-
ity of anthracyclines.5 The classic toxicity associated
with cyclophosphamide (as well as the structurally
related ifosfamide) is hemorrhagic cystitis, which has
been reported in up to 15% patients.9 Acrolein, a toxic
metabolite of both cyclophosphamide and ifosfamide,
is thought to bind to crucial thiols in the bladder wall,
causing mucosal damage. This creates a syndrome of
hematuria, urinary frequency, and irritation.19 In
severe cases, massive hemorrhage and bladder carci-
noma can occur. Aggressive hydration and therapy
with the detoxifying agent mesna, which binds
acrolein in the bladder and prevents mucosal attach-
ment, can minimize the risk of this effect.19

Busulfan Busulfan is an alkyl sulfonate derivative that
reacts with the N7 position of guanosine, leading to
cross-linking of DNA strands and subsequent inhibi-
tion of DNA synthesis. Busulfan is unique in that it
affects the cells of myeloid origin to a greater extent
than those of lymphoid origin.5 In addition, busulfan
is toxic to hematopoietic stem cells and is thus fre-
quently used in stem cell transplant preparative regi-
mens.

Pharmacokinetics/metabolism: Busulfan is rapidly
and completely absorbed from the gastrointestinal
tract and is available for oral and intravenous adminis-
tration. It distributes widely throughout the body and
achieves CSF levels similar to concurrent plasma lev-
els.12,19 The compound undergoes extensive metabo-
lism in the liver and is a substrate for cytochrome P450
3A3/4. Approximately 10–50% metabolites are
excreted in the urine. Half-life ranges from 2 to 3 h.19

Toxicity: The most notable toxicity of busulfan is the
profound suppression of the bone marrow; severe pan-
cytopenia is also common and often indication of the
compound. This is a delayed effect, with the onset of
myelosuppression occurring 7–10 days after the ther-
apy is initiated. Other common toxicities include
urticaria, skin hyperpigmentation, and alopecia. At
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Agent Clinical uses Mechanism of action Common toxicities

Table 101.1 Alkylating agents in the treatment of hematologic malignancies

Nitrogen mustard
derivatives

Mechlorethamine HD, NHL Bifunctional alkylating agent with Acute
two reactive groups5 ■ DLTa 
 Myelosuppression (onset

4–7 days)
■ Severe nausea/vomiting (onset

30 min to 2 h7)
■ Extravasation (vesicant)

Chronic
■ Secondary malignancies
■ Sterility

Cyclo-phosphamide NHL, HD, BMT, Activated by hepatic oxidase Acute
CLL, ANLL, ALL, enzymes to reactive agent ■ DLT 
 Myelosuppression (onset 
myeloma phosphoramide mustard 7 days8)

■ Dose-dependent nausea/vomiting
(onset 8 h)

■ Alopecia (onset 3 weeks8)
■ Hemorrhagic cystitis (onset ranges

from 24 h to several weeks9)
■ Nephrotoxicity

Chronic
■ Nephrotoxicity

Melphalan Myeloma, BMT L-phenylalanine mustard; classic Acute
bifunctional alkylating agent ■ DLT 
 Myelosuppression:

prolonged and cumulative (onset 7
days, nadir up to 4–6 weeks after
therapy10)

■ Dose-dependent nausea/
vomiting/mucositis

Chronic
■ Secondary malignancies, including

AML and myelodysplasia

Chlorambucil CLL, NHL, HD Aromatic analog of nitrogen Acute
mustard; bifunctional alkylating ■ DLT 
 Myelosuppression (onset
agent with selective cytotoxicity 7 days, recovery 28 days11)
for lymphocytes Chronic

■ Secondary malignancies, including
acute leukemias

Alkyl sulfonates
Busulfan BMT, CML Bifunctional alkylating agent with Acute

greater cytotoxicity to myeloid ■ DLT 
 Myelosuppression (onset
cell lines 7–10 days12)

■ Mild nausea/vomiting
■ Hepatic VOD (with

doses � 16 mg/day12)
■ Skin hyperpigmentation 
■ Generalized tonic-clonic seizures

Chronic
■ Sterility
■ Interstitial pulmonary fibrosis (may

occur 1–10 years after therapy12,13)
■ Secondary malignancies

table continues



higher doses, such as those used in stem cell transplant
regimens, adverse effects become more severe. Mild
nausea and vomiting may occur. In addition, because
of its ability to readily penetrate the CNS, busulfan
can lower the seizure threshold, causing generalized
tonic-clonic seizures.12 For this reason, prophylactic
antiepileptic medications are commonly adminis-
tered. Veno-occlusive disease, or VOD, is thought to be
associated with high doses of busulfan.12 Finally, pul-
monary toxicity can occur. “Busulfan lung” is charac-
terized by pulmonary fibrosis and presenting symp-
toms include nonproductive cough, shortness of
breath, and weight loss.5,12,19 This complication may
correlate with duration of busulfan therapy, with a
higher incidence occurring in those who have received

greater than 3 years of treatment. It is often fatal, with
average survival of 5 months after diagnosis.19

ANTIMETABOLITES
As a class, antimetabolites exhibit S-phase specific
cytotoxicity. These agents chemically resemble the
purine and pyrimidine nucleoside bases involved in
normal cellular DNA replication (adenine, guanine,
cytosine, and thymine) or impair enzymes involved in
protein or DNA synthesis. These nucleoside analogs
essentially “trick” cells into incorporating the toxic
drug into newly synthesized DNA strands in place of
normal nucleotide bases.5,20 This leads to synthesis
inhibition and chain termination. Multiple antimetabo-
lites are currently in use (Table 101.2). 
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Agent Clinical uses Mechanism of action Common toxicities

Table 101.1 continued

Nitrosoureas
Carmustine Myeloma, HD, Metabolized to active alkylating Acute

NHL, BMT agent plus isocyanate compounds ■ DLT 
 Myelosuppression (onset
that may exert additional cytotoxic 14 days, complete recovery may
effects take 6–8 weeks14)

■ Severe nausea/vomiting (onset 
2–6 h)

■ Pain at injection site
■ Facial flushing, dizziness
■ Nephrotoxicity (glomerulo-

sclerosis, tubular loss,
interstitial fibrosis)

■ Hyperpigmentation
Chronic

■ Pulmonary toxicity; interstitial
pneumonitis and fibrosis

Triazenes
Procarbazine HD Atypical alkylating agent; requires Acute

hepatic activation to active compound ■ DLT 
 Myelosuppression (onset
which interferes with DNA, RNA, 14 days, recovery 28 days15)
and protein synthesis ■ Anorexia, nausea/vomiting

■ Facial flushing, pain at injection
site

Chronic
■ Sterility
■ Secondary malignancies

Dacarbazine HD Requires activation to reactive Acute
intermediates (methyl-carbonium ■ Severe nausea/vomiting (onset
ions) that alkylate nucleic acids; thus, 1–2 h, may last up to 12 h16)
DNA, RNA, and protein synthesis ■ Myelosuppression (mild); (onset
is inhibited 7 days, recovery 21–28 days)

■ Anaphylactic reactions 
■ Photosensitivity
■ Flu-like syndrome (may last several

days after infusion17)
■ Extravasation (irritant)

Chronic
■ Hepatocellular necrosis

aDLT 
 dose-limiting toxicity.
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Purine analogs
Fludarabine, Fludara

Cladribine,
2-CDA, Leustatin

6-Mercaptopurine, 
6-MP

6-Thioguanine, 6-TG

Pyrimidine analogs
Cytarabine, Cytosine
arabinoside,
Ara-C, Cytosar-U

Adenosine analog; incorpo-
rated into DNA resulting in
chain termination; also
inhibits ribonucleotide
reductase, which depletes
cells of deoxyribonucleotide
triphosphate pools

Adeosine analog; incorpo
rated into DNA resulting in
chain termination; also 
inhibits ribonucleotide
reductase, which depletes
cells of deoxyribonucleotide
triphosphate pools

Hypoxanthine analog; 
interferes with purine
biosynthesis; also incorpo-
rated into DNA resulting in
chain termination25

Guanine analog; incorpo-
rated into DNA resulting in
chain termination25

Cytidine analog; incorpo-
rated into DNA resulting in
chain termination; also
inhibits DNA polymerase
resulting in decreased DNA
synthesis/repair

CLL, NHL

Hairy cell
leukemia, NHL

ALL

AML, ALL

AML, ALL, CNS
leukemia, NHL

■ DLTa 
 Myelo-suppression
(onset 10–14 days21)

■ Neurotoxicity
■ Immunosuppression (can last up 

to 2 years22)
■ Mild nausea/vomiting 
■ Interstitial pneumonitis (onset

ranges from 3 days after first cycle
to 6 days after seventh cycle23)

■ DLT 
 Myelo-suppression (onset 
7–14 days24)

■ Immunosuppression (onset 4–6
months; typically lasts 1 year,
may last up to 40 months24)

■ Fever

■ Mucositis
■ Diarrhea
■ Mild myelosuppression (onset

7–10 days24)
■ Hepatotoxicity, jaundice (onset

typically 2–3 months24)

■ DLT 
 Myelo-suppression
(onset 7–10 days26)

■ Mild nausea/vomiting
■ Immunosuppression26

■ Mucositis
■ Diarrhea

Moderate dose
■ DLT 
 Myelo-suppression

(onset 4–7 days27)
■ Alopecia
■ Mild nausea/vomiting

High dose (�1 g/m2)
■ Cerebellar toxicity (onset

typically 5 days28)
■ Myelosuppression
■ Severe nausea/vomiting

(onset 1–3 h, typically lasts
3–8 h27)

■ Conjunctivitis
■ Transient hepatic dysfunction

(elevation of serum transaminases)
■ Pulmonary complications
■ “Ara-C syndrome”: allergic

reaction characterized by fever,
myalgias, rash, conjunctivitis
(onset 12 h after infusion28)

Agent Mechanism of action Clinical uses Common toxicities

Table 101.2 Antimetabolite compounds and selected toxicities

table continues
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aDLT
 dose-limiting toxicity.

Gemcitabine, Gemzar

Decitabine,
2'-deoxy-5-
azacytidine, Aza
dC, DAC,
dezocitidine

5-azacytidine

Pentostatin,
2-Deoxycoformycin,
Nipent

Folic acid analog
Methotrexate

Cytidine analog; incorpo-
rated into DNA resulting in
chain termination;29,30

Also inhibits ribonucleotide
reductase, depleting cells of
deoxyribonucleotides
required for DNA synthesis

Cytidine analog; incorpo-
rated into DNA resulting in
chain termination; once
incorporated into DNA,
inhibits DNA methyltrans-
ferase enzymes (DNMTs),
preventing the transfer of a
methyl group to DNA
strands32. Formerly silenced
genes are subsequently acti-
vated, altering cell differen-
tiation and apoptosis path-
ways.

Cytidine analog; incorporated
into DNA resulting in chain
termination; once incorpo-
rated into DNA, inhibits DNA
methyltransferase enzymes
(DNMTs), preventing the
transfer of a methyl group to
DNA strands32. Formerly
silenced genes are subse-
quently activated, altering cell
differentiation and apoptosis
pathways. Also incorporated
into RNA, altering tRNA
methylation and inhibiting
protein synthesis32.

Inhibits adenosine deami-
nase, which metabolizes
adenosine and deoxyadeno-
sine; leads to accumulation
of deoxyadenosine triphos-
phate (dATP), which inhibits
ribonucleotide reductase
and causes cell death

Folic acid analog; binds
DHFR and inhibits conver-
sion of folic acid to active
“tetrahydro” form, which
deprives cells of necessary
precursor for thymidylate
and purine synthesis9

Investigational use
in Hodgkin’s
disease, cutaneous
T-cell lymphoma,
mantle cell lym-
phoma, CLL

Investigational
studies in 
refractory AML,
CLL, Small
lymphocytic
lymphoma, MDS

CML, AML,
myelodysplasia

Hairy cell leukemia

ALL, CNS
leukemia, NHL,
BMT

■ DLT 
 Myelo-suppression
(onset 7–10 days31)

■ Hepatic transaminase 
elevations (transient)

■ Proteinuria, hematuria
■ Generalized rash
■ Flu-like symptoms, fever

(onset 6–12 hours31)

■ Myelosuppression (onset 14
days, may last up to 30 days)

■ Nausea/vomiting
■ Fatigue, lethargy
■ Hepatic transaminase elevations

■ Myelosuppression
■ Nausea/vomiting
■ Diarrhea
■ Mutagenic potential

■ DLT 
 Myelo-suppression
(onset 7–10 days33)

■ Immunosuppression
■ Severe nausea/vomiting

(onset 12–24 h after infusion11)
■ Transient hepatic transaminase

elevations
■ Nephrotoxicity and neurotoxic-

ity (rare at current doses)
■ Transient lethargy, confusion

■ DLT 
 Myelo-suppression
(onset 4–7 days)

■ Mucositis, stomatitis (onset
3–7 days11)

■ Hepatic transaminase elevations
(onset 12–24 h, usually
lasts 10 days11)

■ Pulmonary toxicity
■ Nephrotoxicity

Agent Mechanism of action Clinical uses Common toxicities

Table 101.2 continued
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Antimetabolites: Selected nucleoside analogs
Cytarabine Cytarabine is an antimetabolite that is
currently considered the foundation of treatment for
AML. It is one of the most active agents available
against this disease and has been considered an inte-
gral component of induction and postremission ther-
apy for the past two decades. In addition, cytarabine
exhibits significant activity against lymphomas,
meningeal leukemia, and meningeal lymphoma. It has
little use in the treatment of solid tumors. Cytarabine
is administered in a wide range of doses, and evidence
supports a significant dose-response effect.34

Chemically, cytarabine is the arabinose analog of
the nucleotide base cytosine. Arabinose analogs differ
from human analogs by the placement of a hydroxyl
group on the sugar moiety of the nucleoside.
Cytarabine penetrates cells via a carrier-mediated trans-
port process, where it must be phosphorylated by the
enzyme deoxycytidine kinase (dCK) to its active form,
ara-CTP. Because of its structural similarity to cytosine,
ara-CTP is directly incorporated into DNA in place of
cytosine, where it terminates strand elongation by
inhibiting DNA replication. This antimetabolite effect
is thought to be the main mechanism of cytarabine
activity at moderate doses (100–200 mg/m2). In addi-
tion, cytarabine further affects DNA synthesis by direct
inhibition of the enzyme DNA polymerase, which is
responsible for strand elongation as well as DNA repair.
The degree of activity correlates linearly with the
degree of incorporation into DNA. This is heavily influ-
enced by the plasma cytarabine concentration.35

Pharmacokinetics/metabolism: Cytarabine is degraded
within the cell by cytidine deaminase to the inactive
compound uracil arabinoside, or ara-U. Cytarabine is
widely distributed in the body, with a volume of distri-
bution approximating total plasma volume. It pene-
trates the CNS and achieves concentrations approxi-
mately 20–40% of simultaneous plasma levels.19

Cytarabine is metabolized extensively in the liver and
excreted as metabolites within 36 h; approximately
80% is excreted in the urine as ara-U. The plasma half-
life is 2–6 h, while the CSF half-life is longer, ranging
from 2 to11 h.5,19

Toxicity: Toxicity of cytarabine is dose-dependent; at
higher doses (�1 g/m2), cytarabine is dose-limited by
cerebellar toxicity. This often manifests as a syndrome
of dysarthria, nystagmus, and ataxia, and may progress
to generalized encephalopathy and seizures. Some
degree of CNS toxicity has been documented in up to
40% of patients receiving high-dose cytarabine.19 This
is typically reversible upon discontinuation of drug,
but may be permanent. It is highly correlated with
older age, renal dysfunction, and elevated alkaline
phosphatase levels, and dose adjustments are strongly
recommended for both groups of patients.5,19,36,37 In
addition, high-dose cytarabine can cause severe con-
junctivitis, maculopapular skin rash, palmar-plantar
erythema, and hepatic toxicity characterized by

cholestatic jaundice. At lower doses, cytarabine can
cause significant myelosuppression. Alopecia and dose-
related nausea and vomiting are common as well.5

Gemcitabine Gemcitabine is a pyrimidine analog,
structurally similar to cyarabine, and was initially
developed as an attempt to expand upon the cytotoxic
effects of the latter agent. Chemically, it differs from
cytarabine by the substitution of geminal fluorines for
the hydroxyl group at the 2’ position.20,38 This chemi-
cal alteration allows for greater cellular permeability
and increased affinity for the enzyme dCK, which
phosphorylates gemcitabine to its active gemcitabine-
5’-triphosphate form.38 This compound, upon incor-
poration into DNA, results in chain termination.
Increased cellular transport and increased affinity for
dCK allow for greater intracellular retention and accu-
mulation of gemcitabine as compared to cytarabine.
This may account for the extended spectrum of activ-
ity seen with the newer compound.25 In addition,
there is evidence that gemcitabine inhibits ribonu-
cleotide reductase, leading to the depletion of cellular
deoxyribonucleotide triphosphate pools. This not only
depletes cells of active nucleotides essential for DNA
synthesis, but also propagates the toxicity of gemc-
itabine. Cells are forced to further incorporate gemc-
itabine into DNA strands because of the lack of com-
petition with normal nucleotides. Additionally, as a
result of the structural conformation of gemcitabine, a
normal base pair is routinely added to DNA strands
just after incorporation of the toxic compound. This
effectively protects gemictabine from being excised by
DNA repair enzymes from the newly formed strand,
and ensures cell death. This mechanism has been
termed “masked chain termination.”Gemcitabine has
demonstrated activity in a variety of solid as well as
hematologic malignancies, including Hodgkin’s dis-
ease, mantle cell lymphoma, and chronic lymphocytic
leukemia.38

Pharmacokinetics/metabolism: Extensive deamina-
tion of gemcitabine occurs in the gastrointestinal tract;
therefore, the compound is not active orally and is
available only as a solution for injection. Deamination
by cytidine deaminase is the primary metabolic route,
which occurs in liver, plasma, and peripheral tissues.
More than 90% of drug is recovered in the urine as the
difluorouridine metabolite.5,19 Because of the depen-
dence of half-life on infusion duration, many infusion
schedules have been evaluated. A longer infusion
duration (�70 min) is associated with a longer half-life
(4–10 h) and increased clinical activity.29,30

Toxicity: The dose-limiting toxicity associated with
gemcitabine is myelosuppression, mainly consisting of
neutropenia. Nausea and vomiting are mild. Acutely
(within 6–12 h of drug administration), fever and flu-
like symptoms, such as headache, chills, malaise, and
myalgias, are common. Elevations in hepatic transam-
inases may occur and caution should be used when



treating patients with underlying hepatic dysfunc-
tion.39 Mild proteinuria and hematuria have been
reported frequently.5,19 A generalized, macropapular
rash occurs in approximately 25% of patients; this is
typically reversible and does not usually require dis-
continuation of drug.19

Fludarabine Fludarabine monophosphate is a struc-
tural analog of the purine adenine. Initially, the ara-
binose analog of adenine, ara-A, was developed.
However, because of the rapid inactivation by adeno-
sine deaminase enzymes, the drug exhibited less than
optimal antitumor activity. The addition of a fluorine
atom resulted in a compound that retained antitumor
activity, while resisting inactivation by deaminase
enzymes.5 Thus, F-ara-A or fludarabine was devel-
oped. This compound is highly effective in the treat-
ment of chronic lymphocytic leukemia; in addition,
it has activity in acute leukemia and non-Hodgkin’s
lymphoma.19

Similar to cytarabine and other nucleoside analogs,
fludarabine requires transport into tumor cells and
activation to its triphosphate form for cytotoxic activ-
ity. The first step in this phosphorylation is performed
by the enzyme dCK, which results in the active com-
pound F-ara-ATP. This compound is active in both
dividing and resting cells.40 DNA synthesis inhibition
results from competitive uptake of F-ara-ATP, rather
than adenine, by dividing cells for incorporation into
DNA strands. Once incorporated, chain elongation is
halted, inhibiting DNA synthesis. F-ara-ATP exhibits
additional activity through inhibition of specific
enzymes, such as DNA polymerase �, DNA ligase, and
topoisomerase II.41 These actions are S-phase specific,
and incorporation of fludarabine into DNA at this
point in cell division is required for apoptosis. Unlike
cytarabine, fludarabine is also incorporated into RNA,
where it inhibits the RNA polymerase II enzyme.
Subsequently, RNA transcription is terminated, and
protein synthesis cannot be achieved. This may
account for the activity of fludarabine in resting
cells.41 Finally, evidence indicates that fludarabine
may activate apoptotic pathways as well, by stimulat-
ing APAF-1, which subsequently leads to activation of
caspase-9 and caspase-3 pathways.40

Pharmacokinetics/metabolism: Fludarabine is inacti-
vated by deaminase enzymes, particularly adenine
deaminase. Its terminal elimination half-life is
approximately 10 h and renal excretion is the primary
route of elimination.42 As excess toxicity results from
accumulation of drug in renal dysfunction, dosage
adjustments are recommended for patients with mod-
erate renal dysfunction (creatinine clearance 30–70
ml/min). Fludarabine should be avoided for patients
with severe renal dysfunction (creatinine clearance
�30 ml/min).43

Toxicity: When fludarabine was first developed,
doses were limited by neurologic toxicity. At these
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higher doses, a syndrome of delayed CNS toxicity was
seen, characterized by paralysis and coma. It was even-
tually found that fludarabine could be used in lower
doses, maintaining activity at less risk to the patient.
For the doses used currently, severe CNS toxicity is
rare.19 A small portion of patients experience some
degree of neurotoxicity, which can manifest as somno-
lence, paresthesias, and peripheral neuropathies. The
dose-limiting toxicity of fludarabine is now considered
to be myelosuppression.5,19,42 Immunosuppression is
common as well, and suppression of CD4 and CD8
cells can last up to a year before returning to normal
levels. Slowly reversible, dose-dependent pulmonary
toxicity consistent with interstitial pneumonitis has
been reported rarely.

Antimetabolites: Folic acid analog
Methotrexate Methotrexate is a unique antimetabolite
that is used in a multitude of malignancies, including
solid tumors, lymphomas, and lymphocytic leukemias
as well as a variety of autoimmune and inflammatory
disorders. This agent is the most well characterized and
widely used of all the antimetabolites. 

Methotrexate differs structurally from folic acid by
replacement of a hydroxyl group with an amino group
on the pteridine ring, as well as an additional methyl
group.19 Access to the target site of action is achieved
through specific intracellular transport systems, which
are mediated by the reduced folate carrier and folate
receptor protein. Methotrexate exerts its cytotoxic
effect through inhibition of the enzyme dihydrofolate
reductase (DHFR). This enzyme is responsible for con-
verting dietary folates to their reduced or active
“tetrahydro” form for use by cells in thymidylate and
purine synthesis. Through binding of DHFR to
methotrexate, intracellular pools of reduced folates are
depleted and synthesis of DNA is prevented.5 This
action can be overcome by supplying the active
tetrahydro form of folate to cells exogenously; this
compound is known as leucovorin or folinic acid.

Pharmacokinetics/metabolism: Oral bioavailability is
variable and incomplete. Methotrexate distributes
widely to tissues, including the CNS. In moderate
doses, CNS levels are low; however, at high methotrex-
ate doses (�1 gm/m2) therapeutic CNS levels are
achieved. Methotrexate can accumulate in fluid col-
lections, such as pleural fluid and ascites. These
fluid accumulations can act as reservoirs, slowly
releasing methotrexate into the bloodstream over a
prolonged time course.19 Methotrexate undergoes
hepatic metabolism and enterohepatic cycling to var-
ious metabolites, which are eliminated renally (filtra-
tion and active secretion). Methotrexate solubility is
pH-dependent, and methotrexate can crystallize in
the renal tubules at high doses.5 Alkalinization of the
urine increases the solubility of methotrexate, mini-
mizing the risk of this complication. Terminal half-
life is approximately 8–10 h, but can be prolonged to
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over 20 h in patients with renal insufficiency, impaired
enterohepatic cycling, or significant third-space fluids.19

Toxicity: The dose-limiting toxicity of methotrex-
ate is myelosuppression. Granulocytes and platelets
are the cell lines most affected. Mucositis, stomatitis,
and mucosal ulceration can be severe. At higher
doses, nephrotoxicity and acute renal failure can
result from intratubular precipitation of drug.
Hepatic toxicity is characterized by elevations in
serum transaminases and bilirubin, portal fibrosis,
and occasionally cirrhosis. Pulmonary toxicity is rare
but potentially fatal. CNS toxicity can result from
intravenous administration as well as direct intrathe-
cal administration.19

ANTITUMOR ANTIBIOTICS
Antitumor antibiotics: Anthracyclines, 
anthracene derivatives
Daunorubicin, doxorubicin, idarubicin Anthracyclines
are among the most effective antineoplastic agents

ever developed; the various compounds have been in
use for more than 20 years (Table 101.3). They possess
a wide spectrum of activity against a variety of solid
tumors and hematologic malignancies and are an
essential component of current therapies in AML, ALL,
and Hodgkin’s disease, to name a few. These com-
pounds share an aglycone or sugar moiety attached to
a four-membered anthracene ring complex, known as
a chromophore. It is this chromophore that gives these
drugs their intense coloring. The original anthracy-
clines, doxorubicin and daunorubicin, were derived
from the pigment-producing bacteria Streptomyces
peucetius in the early 1960s.58

The anthracene derivatives are cell-cycle nonspe-
cific; however, they exert the greatest activity against
rapidly dividing cells. The mechanism of action of
these agents is still being elucidated and remains some-
what controversial. There is evidence supporting a vari-
ety of mechanisms.58,59 Traditionally, anthracyclines
have been considered intercalating agents. Because of

Agent Dosing information Clinical uses Dose adjustments

Table 101.3 Common properties of anthracene and anthracenedione derivatives

Anthracene
derivatives

Doxorubicin

Daunorubicin

Idarubicin

Anthracene-dione
derivatives

Mitoxantrone

Dose range, 40–75 mg/m2

Maximum cumulative dose,44

550 mg/m2

* If prior RT, 450 mg/m2

Dose range, 45–90 mg/m2

Maximum cumulative dose,47

550 mg/m2

* If prior RT, 400 mg/m2

Dose range, 10–12 mg/m2

Maximum cumulative dose:
doses of 150–290 mg/m2 have
resulted in 5% chance of car-
dio-myopathy49

Dose range, 10–15 mg/m2

Maximum cumulative dose:
doses exceeding 80–120
mg/m2 have been associated
with a higher incidence of 
cardio-myopathy52–56

All, Hodgkin’s dis-
ease, NHL, sarcomas,
germ cell tumors,
many solid tumors
(breast, stomach,
head/neck, liver,
bladder)

ALL, AML

AML, ALL

AML

Renal impairment45

■ CrCl�10 ml/min: give 75% 
dose

Hepatic impairment46

■ Bilirubin 1.2–3 mg/dl: give
50% dose

■ Bilirubin 3.1–5 mg/dl: give
25% dose

■ Bilirubin �5 mg/dl: avoid use

Renal impairment48

■ CrCl�10 ml/min: give 75% 
dose

Hepatic impairment48

■ Bilirubin 1.2–3 mg/dl: give
75% dose

■ Bilirubin 3.1–5 mg/dl: give
50% dose

■ Bilirubin �5 mg/dl: Avoid use

Renal impairment50

■ Serum creatinine �2 mg/dl:
give 75% dose 

Hepatic impairment50,51

■ Bilirubin 1.5–5 mg/dl: give
50% dose

■ Bilirubin �5 mg/dl: avoid use

Renal impairment57: not necessary
Hepatic impairment: dose reduction
advised; no guidelines available
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their planar structure and positively charged sugar moi-
eties, anthracyclines are thought to “intercalate” or
insert between negatively charged phosphate bridges of
DNA base pairs, binding tightly and creating covalent
bonds. Two types of bonds are formed: more stable
drug–DNA cross-links and less stable drug–DNA
adducts.58 These bonds create torsional strain and lead
to DNA deformation and uncoiling. Additionally, this
intercalation interferes with several enzymes involved
in DNA replication and transcription, including heli-
case, DNA polymerase, and RNA polymerase.59

Anthracyclines are also considered potent topoiso-
merase II poisons. Topoisomerase is an enzyme that
temporarily relieves torsional strain during DNA syn-
thesis. The topoisomerase enzymes accomplish this
task by causing temporary single-strand (topoiso-
merase I) or double-strand (topoisomerase II) DNA
breaks, and subsequently resealing these breaks after
twisting of the double helix is modified. A structurally
dependent function of the anthracene derivatives is to
stabilize a reaction intermediate in which DNA strands
are cleaved and covalently linked to topoisomerase II,
impeding DNA resealing. This DNA damage is fol-
lowed by growth arrest in G1 and G2 phases and pro-
grammed cell death.58

Generation of free radicals and subsequent lipid
peroxidation occurs with anthracyclines as well, and
this mechanism is thought to contribute to the effi-
cacy as well as the cardiotoxicity of these compounds.
Electron transfer and reduction of anthracyclines takes
place quickly, leading to the formation of superoxide
anions and hydrogen peroxide. These highly reactive
compounds bind iron, generating the most toxic of
the hydroxyl radicals, which can cleave DNA. The abil-
ity of various tissues to diffuse these free radicals is
thought to account for the characteristic distribution
of anthracycline toxicity.5,58

Pharmacokinetics/metabolism: Anthracyclines as a
class distribute rapidly and widely to all body tissues
except the CNS, accounting for a large distribution
volume. Metabolism occurs mainly in the liver, fol-
lowed by biliary excretion. Elimination is biphasic,
with estimated half-lives of approximately 30 h for
doxorubicin, 15–20 h for daunorubicin, and 15–20 h
for idarubicin. Renal elimination accounts for �10%
of total clearance with each of these compounds; how-
ever, enough drug escapes to color the urine bright red
or orange.19

Toxicity: The most common short-term toxicity
associated with these compounds is myelosuppres-
sion, characterized mainly by leukopenia. Other com-
mon effects include alopecia, moderately severe nau-
sea and vomiting, and mucositis. The most notorious
adverse effect associated with the anthracyclines is
cardiotoxicity. This typically manifests as chronic con-
gestive cardiomyopathy, which is cumulative and dose-
dependent.58 It is thought to result from numerous
factors related to anthracycline treatment, including

free-radical accumulation in the cardiac myocytes,
increased membrane lipid peroxidation, changes in
adrenergic function and adenylate cyclase, irreversible
decrease in mitochondrial calcium loading and ATP
content, and induction of nitric oxide synthase, lead-
ing to nitric oxide activation of metalloproteinases.
These effects depend on peak drug concentrations as
well as cumulative dose.58 Continuous infusion may
decrease the risk of cardiotoxicity by decreasing the
peak concentration; however, this results in much
greater stomatitis.19 Patients are also at risk for late
onset cardiotoxicity, characterized by left ventricular
dysfunction and arrhythmias.

Antitumor antibiotics: Anthracenedione derivatives
Mitoxantrone Mitoxantrone, developed in an attempt
to create an anthracene derivate with an improved toxi-
city profile, is actually an anthracenedione. Structurally,
it is composed of a three-membered anthracene com-
plex and lacks a sugar moiety.19 Mitoxantrone interca-
lates between DNA base pairs, resulting in inhibition of
DNA synthesis and function, as well as inhibiting topoi-
somerase II. However, it is thought to have a decreased
tendency for free radical formation and thus there is a
lower chance of cardiotoxicity. Recent reports have chal-
lenged this assumption, however, and it is generally
thought to exhibit a similar cardiotoxicity profile to the
structurally similar anthracyclines.60

Antitumor antibiotics: Miscellaneous compounds
Bleomycin Bleomycin is a small peptide compound
that is isolated from the fungus Streptomyces verticillus.
While the drug contains 13 identifiable peptide frac-
tions, the primary component (approximately 70% of
commercial product) is bleomycin A2. Bleomycin
requires the presence of iron for activity;
bleomycin–iron complexes can bind directly to DNA,
and upon oxidation, form free radical intermediates
that lead to single and double strand breaks.61 The
DNA lesions introduced by bleomycin are similar to
those seen with ionizing radiation.62 This agent has
activity in a variety of malignancies, including testicu-
lar cancer and Hodgkin’s lymphoma, and is an integral
component in the treatment of these diseases.

Pharmacokinetics/metabolism: Bleomycin is poorly
absorbed orally, and is available only as a solution for
injection. It distributes to intracellular and extracellu-
lar fluid, and achieves its highest concentrations in
skin, kidney, lung, and heart tissues. It does not pene-
trate the CNS.61 Bleomycin is degraded by the enzyme
bleomycin hydrolase, which is present in tissues
throughout the body. Lowest levels of this enzyme are
found in the skin and lungs, which may account for
the toxicity profile associated with this agent. Renal
excretion is the primary route of bleomycin elimina-
tion, with 45–70% of drug excreted unchanged in the
urine.19 Dose adjustments are recommended in
patients with renal dysfunction, as elimination half-



life is extended from 2 to 4 h to more than 20 h in
these patients.19

Toxicity: The skin and lungs are the organs most sen-
sitive to the toxic effects of bleomycin. Mucocutaneous
toxicity is common, and typically occurs 14–21 days
after treatment.5 This can present as erythema, hyper-
pigmentation, ulceration, skin peeling, and thickening
of the nail beds. Stomatitis and alopecia are common
as well. Pulmonary toxicity is dose-limiting and can
occur months after completion of therapy. It has been
associated with cumulative dose (�400 units) as well
as advanced age, renal dysfunction, preexisting pul-
monary disease, and previous chest irradiation.19

Interstitial pneumonitis is characteristic, presenting as
cough and dyspnea with nonspecific radiograph find-
ings. This complication can be fatal or reversible.
Hypersensitivity reactions, such as fever and chills,
occur in up to 25% of patients treated with bleomycin.
These reactions are thought to be due to direct release
of pyrogens rather than histamine, and can often be
managed with antipyretics.19 Nausea and vomiting are
mild, as is myelosuppression. 

VINCA ALKALOIDS
Vincristine, vinblastine, vindesine, vinorelbine 
The vincas are natural compounds originally derived
from the periwinkle plant. Two of these compounds,
vincristine and vinblastine, are usedin the treatment
of a variety of hematological malignancies, including
lymphocytic leukemia, lymphoma, Hodgkin’s disease,
and myeloma. 

Vinca alkaloids are known as “spindle poisons,”
because of their ability to inhibit the assembly of
microtubules. This targeting of microtubules is
thought to be one of the most important sites of anti-
tumor activity discovered to date.63 These compounds
act by directly binding to the “vinca domain” on tubu-
lin, blocking its ability to polymerize into micro-
tubules.64 Microtubules are cytoskeletal fibers, com-
prising tubulin subunits, which are responsible for a
variety of cellular functions crucial to mitosis, includ-
ing chromosomal segration and maintenance of cellu-
lar shape. Disruption of microtubule dynamics by
vinca alkaloids results in absence of a mitotic spindle,
which leads to irregular dispersion of chromosomes
throughout the cytoplasm. Ultimately, cells are
arrested during mitosis in the metaphase/anaphase
transition, and apoptosis occurs. Microtubules are
responsible for a variety of other cellular functions as
well, including cellular transport and motility, phago-
cytosis, neurotransmission, and axonal transport.65

Inhibition of these nonmitotic cellular functions may
account for some of the adverse effects common to the
vinca alkaloids. 

Pharmacokinetics/metabolism: Vinca alkaloids, as a
class, are poorly absorbed from gastrointestinal tract.
They are only available for intravenous administra-
tion. Distribution occurs mainly within the blood, and

the compounds bind tightly to blood components.
Penetration of the CNS is poor. All four compounds are
metabolized extensively by the liver and excreted in
the bile. Small amounts of unchanged drug are recov-
ered in the urine. Dosage adjustments are recom-
mended for patients with hepatic dysfunction to avoid
excessive toxicity.19

Toxicity: Although vincas are structurally similar,
their spectra of activity and adverse effects differ sig-
nificantly. The dose-limiting toxicity of vincristine is
neurotoxicity, likely due to inhibition of microtubule
effects related to neuronal transmission.65 This can
manifest as sensory and/or motor neuropathy and is
characterized by paresthesias, palsies, and pain.
Autonomic complications, such as abdominal pain,
orthostatic hypotension, constipation, and paralytic
ileus, may also occur. For this reason, vincristine doses
have traditionally been limited to 2 mg, although
recent protocols are challenging this maximum dose.
Other adverse effects associated with vincristine
include SIADH and alopecia. Fatal cases of intrathecal
administration have been reported.66 While the poten-
tial for myelosuppression exists with vincristine, it is
uncommon at standard doses. Conversely, the dose-
limiting toxicity for vinblastine and vinorelbine is
myelosuppression. Anemia and thrombocytopenia
can occur, but leukopenia is most significant.5

Although neurotoxicity may occur, it is much less
common than with vincristine. This primarily mani-
fests as myalgias and arthralgias and occurs more com-
monly with vinorelbine than vinblastine.5

PODOPHYLLOTOXIN DERIVATIVES
Etoposide, teniposide
Podophyllotoxin is an extract from the mandrake
plant (mayberry or podophyllum). This compound is a
well-known spindle poison that binds to microtubule
proteins and inhibits assembly of microtubules. The
podophyllotoxin derivatives, etoposide and tenipo-
side, while originally developed in an effort to retain
the activity of podophyllotoxin, both exert their anti-
tumor activity through a different mechanism.5,67

Teniposide differs from etoposide by the addition of a
sulfur-containing group in place of a methyl group on
the sugar ring and is approximately 10-fold more
potent than etoposide in vitro.19 These agents are
active against a variety of malignancies, including
small cell lung cancer, testicular cancer, leukemia, and
lymphoma.

Etoposide and teniposide are thought to exert their
activity by binding to topoisomerase II, forming stable
ternary complexes with DNA and topoisomerase II. As
a result, topoisomerase II remains bound between the
free end of the cleaved DNA strand and the drug,
unable to reseal the broken DNA. This ultimately
results in accumulation of strand breaks and subse-
quent cell death.5,68 Because these compounds target
the enzyme topoisomerase II, drug administration
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L-Asparagine, a nonessential amino acid required by
cells for protein and nucleic acid synthesis. Most cells
are able to synthesize adequate supplies of asparagine
on their own; however, certain malignant cells, partic-
ularly those of lymphocytic origin, lack the synthetase
enzyme required for asparagine formation. These cells
are particularly sensitive to the effects of L-asparaginase.
By converting existing cellular supplies of asparagine
to aspartic acid and ammonia, L-asparaginase quickly
depletes cells of this amino acid, thus inhibiting pro-
tein synthesis.73

Pharmacokinetics/metabolism: L-Asparaginase is not
absorbed orally and is available only for parenteral
administration. Distribution volume approximates
plasma volume, and L-asparaginase does not penetrate
CNS significantly.5 Metabolism of L-asparaginase
occurs through systemic degradation,74 and the drug is
cleared by the reticuloendothelial system.

Toxicity: While toxicity to the bone marrow is mini-
mal, L-asparaginase and related compounds are associ-
ated with a variety of adverse effects. Hypersensitivity
reactions, including anaphylaxis, can occur immedi-
ately and have been reported in up to 43% of patients
treated with the E. coli-derived compound. Because
allergic reactions are more likely to occur with intra-
venous administration,75 asparaginase is typically
given by intramuscular or subcutaneous injection.
Patients who do react to E. coli-derived asparaginase
may be switched to another source of drug, either
pegaspargase or Erwinia asparaginase. This is associated
with a high success rate and may enable the patient to
complete a prescribed course of therapy. L-Asparaginase
is also associated with coagulation abnormalities. It is
thought that asparaginase depletes plasma proteins
involved in both coagulation and fibrinolysis, includ-
ing fibrinogen, factor IX, factor XI, antithrombin III,
protein C, and protein S.76,77 Both bleeding and
thrombosis have been reported.76–78 Pancreatitis is
another complication associated with asparaginase
and routine monitoring of amylase or lipase is recom-
mended.5,79

Hydroxyurea
While hydroxyurea is not a nucleoside analog, it is
generally considered to be an antimetabolite due to its
similar mechanism of action to this class of drugs.
Structurally, it is an analog of urea and inhibits the
enzyme ribonucleotide reductase. As a result of this
inhibition, ribonucleotides are prevented from being
converted to the active deoxyribonucleotide forms
necessary for DNA synthesis and repair. Subsequently,
DNA synthesis cannot occur and cells are stranded in
the S phase or the G1–S interface.19

Pharmacokinetics/metabolism: Hydroxyurea is well
absorbed from the gastrointestinal tract and is avail-
able for oral administration. Bioavailability is approxi-
mately 80–100%. It is widely distributed throughout

schedule is important as this enzyme is expressed only
in certain phases of mitosis. Thus, continuous admin-
istration is advantageous because it maximizes the
likelihood of exposing a dividing tumor cell to the
drug. Indeed, one study showed this dramatic effect by
comparing 1-day administration of etoposide (500
mg/m2) to 5-day administration (100 mg/m2/day) in
SCLC patients. Although the same total dose of drug
was administered, the response rate of the group
receiving single-day infusion was 10%, while the con-
secutive treatment group had a response rate of 89%.69

Thus, exposing cells to lower concentrations of drug
for prolonged times is thought to maximize the thera-
peutic effect of the topoisomerase II inhibitors.

Pharmacokinetics/metabolism: Both drugs bind signif-
icantly to plasma proteins. Etoposide is approximately
50% absorbed from the gastrointestinal tract and is
available orally. Considerable pharmacokinetic interpa-
tient variability exists with both intravenous and oral
dosing.70 Etoposide and teniposide undergo extensive
metabolism in the liver. It is estimated that 30–70% of
etoposide is excreted renally, while this accounts for
only 5–20% of teniposide elimination. Dose adjust-
ments are recommended for patients with moderate
renal dysfunction (estimated creatinine clearance �50
ml/min) in order to avoid excessive toxicity.71,72

Various metabolites have been identified for both com-
pounds, but their significance has been disputed. 

Toxicity: Toxicities of the two agents are similar.
The dose-limiting toxicity for both is myelosuppres-
sion, which mainly manifests as leukopenia.
Thrombocytopenia occurs less often and is usually not
as severe.5 Reversible alopecia, mild nausea and vomit-
ing, and stomatitis are common. Allergic reactions
including anaphylaxis have been observed. These are
more common with tenioposide, which is less-water
soluble than etoposide. Hepatotoxicity has been
reported in up to 3% of patients receiving etoposide,
consisting of hyperbilirubinemia, ascites, and
transaminase elevations. Secondary leukemias, includ-
ing AML and APL, have been reported. Toxicity in gen-
eral is enhanced in patients with low serum albumin
levels because of the decreased binding of the drug and
increased free levels.19

MISCELLANEOUS AGENTS
L-Asparaginase
Erwinia asparaginase, pegaspargase, Escherichia coli
L-asparaginase L-Asparaginase is a compound that is
actually an enzyme, L-asparagine aminohydrolase.
The original, most commonly used agent is derived
from Escherichia coli. Other available forms include a
derivative produced by Erwinia chrysanthemi and the
longer-acting pegylated asparaginase (pegaspargase).
L-asparaginase possesses activity against malignancies
of lymphocytic origin and is mainly used in the treat-
ment of ALL. L-Asparaginase acts by breaking down
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the body, with levels detected in the CNS, fluid accu-
mulations, and breast milk. While significant interpa-
tient variability exists, approximately 50% of hydrox-
yurea is hepatically metabolized, with 50% of drug
eliminated as urea and unchanged drug in urine.5,19

Toxicity: The dose-limiting toxicity of hydroxyurea
is myelosuppression. This is often the desired thera-
peutic effect as well. Mild nausea and vomiting is com-
mon, which is more severe with higher doses. Finally,
skin pigmentation and macropapular rash may occur80

(Table 101.4).

TREATMENT OF HEMATOLOGIC
MALIGNANCIES: SUMMARY

Many valuable agents have been developed for the
treatment of hematologic malignancies since the
first patient with lymphoma was treated with nitro-
gen mustard in 1942. While these traditional agents
have broad therapeutic potential and are currently

considered integral components of treatment regi-
mens for leukemias and lymphomas, they are associ-
ated with a variety of toxicities as well. Nausea and
vomiting, myelosuppression, alopecia, mucositis,
infertility, and carcinogenesis are just some of the
adverse effects commonly associated with these com-
pounds. This has a dramatic impact on patients’
quality of life. More recently, great advances have
been made in understanding the molecular biology
of cancer. New therapies are being developed to
specifically target only those cells exhibiting genetic
mutations, thus protecting healthy cells from unnec-
essary toxicity. In addition, research has been done
evaluating mechanisms of resistance of tumor cells
to chemotherapeutic agents and compounds are
being engineered to specifically block these path-
ways. The ultimate goal is the development of a com-
pound that specifically targets a chromosomal
abnormality, leaving healthy cells free of toxic effects
and dramatically improving the quality of life of can-
cer patients.

Table101.4 Mechanisms of resistance to traditional antineoplastic agents

Chemotherapeutic class Mechanisms of resistance

Alkylating agents ■ Mutations of p53 tumor suppressor gene
■ Decreased transport of drug by active transport mechanisms
■ Increased production of nucleophilic substances (electron donors) that bind and

detoxify reactive alkyl groups
■ Increased activity of DNA repair enzymes
■ Increased metabolism of drug to inactive form81

Antimetabolites: nucleoside analogs ■ Inefficient cellular uptake and insufficient intracellular concentration of drug due to
deficient transport mechanisms

■ Increased degradation of active compound by enzymes (cytidine deaminase or
5’-nucleotidase)

■ Loss of deoxycytidine kinase (dCK) gene, which converts drug to active form35,82

Antimetabolites: folic acid analog ■Saturated active transport mechanisms
(Methotrexate) ■ Increased production of DHFR (dihydrofolate reductase)

■ Slower rates of thymidylate synthesis
■ Alterations in binding affinity of DHFR and methotrexate5

L-Asparaginase ■ Increased levels of enzyme asparagine synthetase within tumor cells5,19

Anthracene derivatives ■ Increased drug efflux mechanisms, such as P-glycoprotein or MDR-1 
■ Decreased expression of topoisomerase II enzyme
■ Mutation of topoisomerase II enzyme81,83

Vinca alkaloids ■ Increased levels of P-glycoprotein membrane efflux pump
■ Altered expression of tubulin isotypes
■ Tubulin mutations
■ Altered expression of microtubule-regulatory proteins64,84

Podophyllotoxin derivatives ■ Amplification of MDR-1 gene mutation
■ Decreased expression of topoisomerase II enzyme
■ Mutation of topoisomerase II enzyme
■ Mutation of p53 tumor suppressor gene5,81

Hydroxyurea ■ Increased expression of ribonucleotide reductase5,19
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Drugs can only repress symptoms: they cannot erad-
icate disease. The true remedy for all disease is
nature’s remedy . . . There is at bottom only one gen-
uine scientific treatment for all diseases, and that is
to stimulate the phagocytes. Stimulate the phago-
cytes. Drugs are a delusion 

Sir Bloomfield Bonington (George Bernard Shaw—
The Doctor’s Dilemma, 1906)

Sir Bloomfield Bonington’s views on medicine are not
completely fictitious, as numerous investigators have
attempted to harness and employ nature’s remedy in
the treatment of various diseases. In the early 1900s, an
orthopedic surgeon by the name of William Coley
investigated the association of febrile illnesses with
spontaneous tumor regression.1 This unusual therapeu-
tic relationship prompted him to attempt treating sar-
comas by infecting patients with bacterial infections
with the hope of inducing high fevers. Obvious prob-
lems ensued with this approach and so he modified
the therapy to be less pathologic. In place of inducing
a true infection, he attempted to elicit the febrile
state with a vaccine containing two killed bacteria:
Streptococcus pyogenes and Serraria marcescens. Coley’s
vaccine became widely used and was eventually
endorsed by the American Medical Association in 1936.1

This is an  early example of modifying the human
body’s defenses to serve as a therapeutic intervention.
This chapter describes current therapeutic modalities,
which like Dr. Coley’s vaccine manipulate the function
of the human body with the intent of curing disease.

TYROSINE KINASE INHIBITORS

The analysis of the human genome has revealed 518
putative protein kinase genes.2,3 Of these genes, a subset

of approximately 90 are responsible for protein tyrosine
kinases.2,3 Various protein tyrosine kinases have been
implicated in the pathophysiology of malignant condi-
tions. Increased activity or deregulation of these kinases
results in alterations in normal downstream cellular sig-
naling. Examples of such processes include the bcr-abl
fusion protein in chronic myeloid leukemia and HER-2
overexpression in breast cancer.

Recently, numerous targeting methodologies have
been employed to inhibit specific tyrosine kinases in
various malignancies. The most promising binding
site for such inhibitors has been the adenosine
triphosphate (ATP) complex binding site. Although a
consistent structure within various tyrosine kinases,
minor nuances in this catalytic domain configuration
has allowed the development of highly selective
inhibitors.4

IMATINIB (STI-571, GLEEVEC)
Historically, chronic myelogenous leukemia (CML)
was treated with agents that had little effect on over-
all survival (hydroxyurea and busulfan) or induced
such toxicity that effective doses were rarely main-
tained (interferon). Imatinib, a phenylaminopyrimi-
dine derivative, is a selective tyrosine kinase inhibitor
used in the treatment of Philadelphia chromosome
positive leukemia. This orally administered agent rep-
resented a breakthrough in the therapy of CML, and
more recently has been integrated into Philadelphia
chromosome positive acute lymphoblastic leukemia
(ALL) treatment regimens.

Imatinib’s ability to competitively inhibit the ATP
binding site of the bcr-abl tyrosine kinase prevents
phosphorylation of proteins involved in signal trans-
duction.5 By inhibiting the aberrant tyrosine kinase,
imatinib halts cellular proliferation and tumor forma-
tion by bcr-abl expressing cells and decreases CML
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colony growth without inhibiting normal colony
growth.6,7 This inhibition is accomplished not only by
the parent compound, but also by the active N-
demethylated piperazine metabolite.

In addition to the pharmacological activity described
above, the drug has exhibited the ability to inhibit the
tyrosine kinase activity of c-kit, platelet-derived growth
factor (PDGF), and stem cell factor (SCF). The former
has led to its utility in gastrointestinal stromal tumor
therapy.8 Imatinib also inhibits tyrosine kinase activity
of abl in normal cells, although this is not considered
clinically relevant.5

While a large number of patients have experienced
clinical benefit from receiving imatinib, success has
not been uniform. Some patients have exhibited de
novo resistance, while others have developed resistant
disease after an initial favorable response. This resis-
tance may be multifactorial, with possible variables
including gene and protein amplification, mutations
in the protein kinase, binding of imatinib to proteins in
the plasma, and additional oncogenic mutations that
may bestow an additional growth advantage on the
cells.9–11

Pharmacokinetics/metabolism
Oral imatinib is well absorbed, with a bioavailability of
nearly 100%.12 Peak plasma concentration occurs within
4 h of administration, regardless of whether or not the
dose is taken with food.13 Following oral administration,
the elimination half-lives of imatinib and its major active
metabolite are approximately 18 and 40 h, respectively.13

Repeat dosing does not have a significant impact on the
drug’s pharmacokinetics and accumulation is 1.5 to 2.5-
fold with daily administration.12,13 In-vitro models have
established that at clinically relevant concentrations,
imatinib is approximately 95% protein bound, primarily
to albumin and �1-acid glycoprotein.12 Hepatic enzymes,
predominantly the cytochrome P450-3A4 isoenzyme,
are responsible for the drug’s metabolism.13 Other
cytochrome enzymes, such as CYP1A2, CYP2D6, CYP
2C9, and CYP 2C19, also contribute to imatinib’s degra-
dation.13 Because many other medications can affect this
metabolic system, imatinib is susceptible to alterations in
kinetics/dynamics via cytochrome-based drug–drug
interactions (Table 102.1) Most of the oral dose is elimi-
nated via the feces and only 5% is excreted unchanged
through the urine.13
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Table 102.1 Imatinib CYP450 mediated drug–drug interactions13

Interacting medication Result

Alfuzosin Imatinib’s enzyme inhibition results in increased alfuzosin exposure

Aprepitant Enzyme inhibition by aprepitant may result in elevated plasma concentrations of imatinib

Carbamazepine Significant decrease in exposure to imatinib may occur when coadministered with the enzyme 
inducer carbamazepine

Clarithromycin Clarithromycin may decrease the metabolism and increase concentrations of imatinib

Cyclosporine Plasma concentrations of cyclosporine may be altered when coadministered with imatinib

Dexamethasone Significant decrease in exposure to imatinib may occur when coadministered with 
dexamethasone

Eletriptan Increased exposure to eletriptan may be expected when eletriptan is used concomitantly with 
imatinib

Erythromycin Erythromycin may decrease the metabolism and increase concentrations of imatinib 

Itraconazole, ketoconazole, Azole antifungals may decrease the metabolism and increase concentrations of imatinib
voriconazole

Phenobarbital Significant decrease in exposure to imatinib may occur when coadministered with the enzyme 
inducer phenobarbital 

Phenytoin Significant decrease in exposure to imatinib may occur when coadministered with the enzyme 
inducer phenytoin

Rifabutin, rifampin Imatinib is susceptible to significantly increased clearance when coadministered with enzyme 
inducers such as rifampin and rifabutin

Simvastatin Plasma concentrations of simvastatin may be increased when coadministered with imatinib

St. John’s Wort Concomitant use of imatinib and St. John’s Wort resulted in significantly increased clearance 
of imatinib

Warfarin Concurrent treatment with imatinib and warfarin may increase the bioavailability of warfarin, 
sthereby increasing the risk of bleeding



Toxicity
The majority of patients who received imatinib in clin-
ical studies did experience side effects, but most of
these effects were mild or moderate in severity.12

Approximately 4% of patients discontinue therapy due
to toxicity.13 The most common side effects are nau-
sea, vomiting, edema, muscle cramps/pain, diarrhea,
and rash. Nausea can be minimized if the dose is taken
with food and/or a large glass of water.13 Edema most
commonly manifests in the periorbital area or in the
lower extremities and is usually ameliorated with
diuretics or other supportive care measures.13,14 A
small percent of patients experience more severe forms
of fluid retention (pleural/pericardial effusions, pul-
monary edema, ascites, and cerebral edema) and may
require interruptions in therapy.14 This is usually dose-
related and more common in the elderly and those in
blast crisis and accelerated phase CML.13 Skin rashes,
which vary greatly in appearance and severity, are
commonly controlled with antihistamines or steroids.
These topical reactions can be quite severe and are
actually the most common reason for termination of
imatinib therapy.14

Two additional adverse effects, which occur with
lower frequencies but have noteworthy clinical sig-
nificance, are hepatic and hematological toxicity.
Significant liver dysfunction occurs in fewer than 5% of
patients and is managed with dose reductions or tem-
porary interruptions in therapy.13 Therefore, liver func-
tion tests should be monitored routinely throughout
the duration of imatinib therapy.14 Myelosuppression
is the most common Grade 3 or 4 adverse event
observed in patients being treated with imatinib.15

Marrow suppression may represent a beneficial thera-
peutic effect, but may also be due to toxicity to normal
progenitor cells.14 Neutropenia and thrombocytopenia,
the most common manifestations of the marrow sup-
pression, are more common in patients with advanced
disease. Colony stimulating factors (filgrastim) have
been successfully employed to assist neutrophil recov-
ery and facilitate more sustained administration of
imatinib.15

INTERFERONS

Discovered in 1957 and named after their ability to
interfere with viral replication, interferons are cellular

glycoproteins with numerous biologic activities.16 In
1981, the first recombinant DNA-derived interferon
was successfully expressed in bacteria and purified in
large quantities for clinical study.16,17 The naturally
occurring proteins have since been found to possess
antiviral, antiproliferative, and immunomodulating
properties.18

There are five major species of interferon: alpha,
beta, gamma, omega, and tau.19 Three of these (alpha,
beta, and gamma) have been approved by the U.S.
Food and Drug Administration (FDA) for a total of 11
disease states (Table 102.2).

INTERFERON ALPHA
Interferon-�-2a is produced by recombinant DNA
technology–combining an Escherichia coli start codon
with the DNA sequence for human interferon-�-2a.
The resulting molecule is nearly identical to naturally
occurring interferon-�, with the exceptions being the
addition of an N-terminal methionine residue and the
lack of carbohydrate side chains.18

This class of drugs, because of its antiproliferative
and immunomodulatory capabilities, has found its
place in the treatment of various malignancies.
Specifically, interferon-� has exhibited clinical activity
in multiple tumor types. Drug effect has been observed
in acute and chronic leukemia, lymphomas, and mul-
tiple myeloma.20–23

The precise mechanism of action of interferons is
not fully understood. Unlike traditional antineoplastic
agents that exert their activity directly from their cyto-
toxic interactions on cancer cells, interferon’s benefits
result from a complex cascade of biologic modulation
and drug-induced antiproliferation. The binding of
interferon to the cell surface elicits alterations in gene
transcription and translation.24 Influences such as
these on the activities of natural killer cells and
macrophages appear to be the most noteworthy.25

Interferon’s ability to inhibit cellular proliferation
affects both normal and malignant cells. Although the
mechanism is not completely understood, interferon-
induced prolongation of the cell cycle is principally
responsible for the antiproliferative effects.24 This
activity appears to be concentration-dependent and
occur primarily while the tumor cells are in phases G0
and G1.

26,27 Additionally, these effects appear to be
reversible since normal cellular growth resumes upon
cessation of interferon exposure.24
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Table 102.2 Therapeutic indications25

Drug FDA approved indication

Interferon-� Chronic myelogenous leukemia, condyloma acuminata, follicular lymphoma, hairy cell leukemia, 
chronic hepatitis B (adult and pediatric), chronic hepatitis C, Kaposi’s sarcoma, malignant melanoma

Interferon-� Multiple sclerosis

Interferon-� Chronic granulomatous disease



Pharmacokinetics/metabolism
Interferon� is supplied as a clear liquid for injection.
Bioavailability is greater than 80% upon subcuta-
neous or intramuscular injection.28 Interferon�, both
recombinant and naturally occurring, is widely dis-
tributed in the body (excluding the central nervous
system), with highest concentrations occurring in the
spleen, kidney, liver, and lung.24,28 The metabolism of
recombinant interferon-�-2a is consistent with that
of alpha interferons in general.24 Alpha-interferons
undergo renal filtration and extensive proteolytic
degradation at the brush border or in the lysosomes
of the tubular epithelium during reabsorption, result-
ing in a half life of approximately 5 h.28 Because of
the unique mechanism of metabolism, it has been
suggested that interferon-� may accumulate in
patients with impaired renal function, but this is con-
troversial.24 Interferon-� may not be removed by
hemodialysis.29

Toxicity
The side effect profile of interferon-� is well docu-
mented in the literature. Uniformly, with the first dose
of interferon, patients experience a flu-like syndrome
consisting of fever, chills/rigors, tachycardia, nausea,
vomiting, malaise, and headaches.17,24,25,28 Although
the presence of these side effects is relatively consis-
tent, the severity can be affected by variables such as
dose, route of administration, and treatment sched-
ule.17 As a result of the cytokines released (IL-2, IL-6,
TNF-�) in response to interferon administration, the
patient’s body attempts to generate heat via shivering
and vasoconstriction. The onset of this fever, which
often reaches 38–40�C, usually occurs within 4 h of
drug administration and may persist for up to 8 h.17,24

This reaction is frequently followed by a period of
diaphoresis.25 As a preventative measure to attenuate
this constellation of symptoms, patients may be pre-
medicated with acetaminophen or nonsteroidal anti-
inflammatory drugs. These symptoms will likely
diminish over time and may resolve with continued
therapy; however, tolerance may be lost if therapy is
delayed for more than one day. 17,24

On the other hand, fatigue continues and often
worsens throughout therapy. Considered the most
common dose-limiting toxicity, fatigue is often
described as a feeling of lassitude, weakness, tiredness,
or lack of motivation. This may manifest itself as job
absenteeism, social withdrawal, increased sleeping,
and potentially a decrease in performance status.17,24,25

Intermittent and/or evening dosing schedules may
diminish the impact of this significant side effect.24,25

Laboratory abnormalities described with the use of
interferon-� include neutropenia and elevated liver
enzymes that require dose modifications to maintain
safety. Other side effects include depression, myal-
gias/arthralgias, gastrointestinal toxicity, and CNS
depression.28

RETINOIDS

The therapeutic potential of vitamins has been evalu-
ated in cancer trials for many years. A correlation
between retinol (vitamin A) and cancer was first noted
in the 1920s, when experimentally induced vitamin-A
deficiency led to preneoplastic lesions and ultimately
neoplasms.30 Retinoids, naturally occurring and syn-
thetic analogues of retinol, modulate differentiation,
inhibit growth, and induce apoptosis in a wide variety
of cancer cell lines. This is accomplished through
interaction with two types of nuclear receptors,
retinoic acid receptors (RARs) and retinoic X receptors
(RXRs).31,32 Dysregulation of retinoid metabolism has
been implicated in carcinogenesis, and the therapeutic
administration of retinoids is beneficial in certain
cases.33 The ability of retinoids to function as differen-
tiating agents has lead to unique opportunities in the
treatment of acute promyelocytic leukemia (APL).

TRETINOIN (VESANOID, ALL-TRANS-RETINOIC 
ACID, ATRA) 
APL is characterized by the specific chromosomal
translocation t(15;17). This translocation fuses the
promyelocytic leukemia (PML) gene located on chromo-
some 15 to the retinoic acid receptor � (RAR-�) gene posi-
tioned on chromosome 17, resulting in the formation of
a chimeric protein, PML/RAR-�.34 The PML/RAR-� fusion
protein, which is leukemogenic, occurs in more than
99.9% of cases of APL. This protein causes an arrest of
maturation at the promyelocyte stage of myeloid-cell
development and accumulation of abnormal promyelo-
cytes in the bone marrow.35 Tretinoin binds to RAR-� on
the surface of malignant promyelocytes. This leads to
degradation of the PML/RAR-� fusion protein, resulting
in the differentiation of malignant cells into mature
myeloid cells that are then incapable of further prolifera-
tion.36 The use of tretinoin has significantly improved
the outcome of APL patients.37–41

Pharmacokinetics/metabolism
Tretinoin, as an oral preparation, is well absorbed into
systemic circulation, with a peak plasma concentration
between 1 and 2 hours after oral administration.42 Food
increases the bioavailability of tretinoin; however, the
clinical significance of this is unknown. The activity of
intravenous liposomal tretinoin has been evaluated, but
demonstrated no clear advantage when compared with
standard oral tretinoin.43 The drug undergoes hepatic
metabolism via the cytochrome P450 system. The
degradation of the parent compound results in the for-
mation of four identified metabolites: 13-cis retinoic
acid, 4-oxo trans retinoic acid, 4-oxo cis retinoic acid, and
4-oxo trans retinoic acid glucuronide.42 Tretinoin acts as
both an inhibitor and a substrate of the cytochrome
P450 enzyme and therefore the product is susceptible to
potential drug interactions. Tretinoin is greater than
95% protein-bound, predominantly to albumin. The
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drug is eliminated via both the urine and the feces,
although no dosage adjustments are required for any
organ dysfunction. The terminal half-life is approxi-
mately 0.5–2 h following initial dosing in patients with
APL.42

Toxicity
Tretinoin does not elicit the usual toxicities associated
with cytotoxic chemotherapy administration. It is nei-
ther immunosuppressive nor myelosuppressive. There
are, however, two serious and specific complications
that can result from tretinoin treatment of APL: hyper-
leukocytosis (40%) and retinoic acid syndrome (25%).42

Hyperleukocytosis is thought to be due to the increased
amount of circulating mature cells that have undergone
differentiation, and more commonly occurs in patients
who present with an initial high white blood cell count
(�5 � 109/L) at diagnosis. Hyperleukocytosis may pre-
cede the development of the second complication,
retinoic acid syndrome. This syndrome is characterized

by fever, dyspnea, weight gain, diffuse pulmonary infil-
trates on chest X-ray, and pleural or pericardial effu-
sions.44 The syndrome generally occurs during the first
month of treatment and may commence following
the initial dose of tretinoin. The management of the
syndrome includes the administration of high-dose
steroids and appropriate supportive care measures.
Treatment with dexamethasone (10 mg intravenously
administered every 12 h for 3 days or until resolution of
symptoms) should be initiated without delay at the first
suspicion of symptoms. Tretinoin can be restarted in
most cases once the syndrome has resolved.45

Virtually all patients experience some degree of vita-
min A toxicity, including headache, fever, weakness, and
fatigue.42 These adverse effects are seldom permanent or
irreversible, nor do they usually require interruption of
therapy. Other common adverse drug reactions include
flushing, hypotension, increase in serum cholesterol
and triglycerides, and gastrointestinal toxicity such as
abdominal pain, constipation, and diarrhea.42
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Table 102.3 Biological response modifying agents13,28,42,48,52,61,64

Drug Dosing Dosage form Common side effects

Imatinib (Gleevec®) CML: 400–600 mg PO QD 100 and 400 mg capsules Fluid retention, muscle cramps, 
ALL: 400–800 mg PO QD nausea/vomiting, myelosuppression

Interferon-� 2a CML: 9 million IU SQ/IM QD Prefilled syringes: Flu-like symptoms, fatigue, 
(Roferon® A) Hairy cell leukemia: 3 million IU/0.5 ml, injection site reaction, depression, 

3 million IU SQ/IM QD 6 million IU/0.5 ml, nausea, vomiting 
9 million IU/0.5 ml 

Interferon-�-2b Hairy cell leukemia: Multidose prefilled pens: Flu-like symptoms, fatigue, 
(Intron A) 2 million IU/m2 SQ/IM, 18 million IU pen, six injection site reaction, depression, 

three times/week 3 million IU doses/pen nausea, vomiting, sarcoidosis
Follicular lymphoma: 30 million IU pen, six 

5 million IU SQ, 5 million IU doses/pen
three times/week 60 million IU pen, six 

10 million IU doses/pen
Vials (powder):

10 million IU/vial
18 million IU/vial
50 million IU/vial

Vials (solution):
10 million IU/vial
18 million IU/vial
25 million IU/vial

Tretinoin 45 mg/m2/day PO 10 mg capsules Headache, elevated liver function 
(Vesanoid®) (divided twice daily) tests, leukocytosis, APL syndrome

Bexarotene (Targretin®) Oral: 300 mg/m2 PO QD 75 mg capsules Oral: rash, hypercholesteremia, 
Topical: apply 1% gel every 1% gel (60g tube) hyperlipidemia, 
other day for 1 week then Topical: pruritus, rash
at weekly intervals increase 
to once daily, then twice daily, 
then three times daily, and finally 
four times daily (as tolerated)

Arsenic Trioxide 0.15 mg/kg IV QD for a 1 mg/10 ml ampule Headache, nausea, fatigue, 
(Trisenox) maximum of 60 days (administer leukocytosis, APL syndrome, 

over 1 hour) cardiac abnormalities



BEXAROTENE (TARGRETIN)
In 1994, a new family of intracellular receptors, the
retinoid X receptors (RXRs) was described.46 RXRs can
form heterodimers with various receptor partners,
such a retinoic acid receptor, vitamin D receptor, thy-
roid receptor, and peroxisome proliferator activator
receptors. Bexarotene, available for both topical and
oral use, is an RXR ligand that selectively binds and
activates RXR subtypes (RXR�, RXR�, RXR�). Once
activated, these receptors function as transcription fac-
tors regulating the expression of genes that control
apoptosis, cellular differentiation, and prolifera-
tion.47–49 The capsules are indicated for the treatment
of topical manifestations of cutaneous T-cell lym-
phoma in patients who are refractory to at least one
prior systemic therapy, while the 1% gel is indicated
for the topical treatment of cutaneous lesions (Stage IA
and IB) who have refractory or persistent disease after
other therapies or who have not tolerated other thera-
pies.50–54 Oral bexarotene is also under investigation
for use in AIDS-related Kaposi’s sarcoma, diabetes mel-
litus, lymphomatoid papulosis, psoriasis, and solid
tumors such as breast, non-small cell lung cancer, and
renal cell carcinoma.

Pharmacokinetics/metabolism
Bexarotene is well absorbed by the gastrointestinal
tract, with peak plasma levels occurring 2–4 h after
oral administration and an initial response expected
between 8 and 26 weeks.48 Absorption is significantly
increased after a fat-containing meal. Bexarotene is
highly protein bound (�99%). Extensive metabolism
occurs hepatically via the CYP3A4 isoenzyme, and the
drug is primarily eliminated through the hepatobiliary
system and in the feces, with less than 1% of the drug
is excreted in urine. The elimination half-life is approx-
imately 7 h.48

Toxicity
Bexarotene’s use is commonly associated with
reversible hypertriglyceridemia (80%) and hypercho-
lesterolemia (32%).48 The antihyperlipidemic medica-
tions that are most effective for reversing this hyper-
triglyceridemia are atorvastatin and fenofibrate.50 The
incidence of hypothyroidism is 30% with thyroid

function tests returning to baseline as early as eight
days after discontinuation.48,55 Dose-related leukope-
nia has also been reported. The most common symp-
tomatic side effects reported are fatigue/lethargy,
headache, asthenia, rash, nausea, abdominal pain,
infection, peripheral edema, dry skin, cataracts, and
sensitivity to sunlight. Bexarotene is contraindicated
in pregnancy, being classified as category X.48

MISCELLANEOUS

ARSENIC TRIOXIDE (TRISENOX, ATO)
Although arsenic’s accolades primarily revolve around
its reputation as an almond-flavored poison, as it was
depicted in Frank Capra’s 1944 film Arsenic and Old
Lace, it has an older and more admirable history as a
medicinal agent. In the  eighteenth century, Thomas
Fowler compounded a potassium-bicarbonate-based
solution of arsenic trioxide (As2O3) that was used
empirically to treat a variety of diseases.56 In 1910,
Nobel prize winner Paul Ehrlich created the organic
arsenical compound salvarsan that was best known as
the “magic bullet” for syphilis, but also found use in
treating hypertension, ulcers, heartburn, and chronic
rheumatism.57 With evolutions in medicine and the
concerns for toxicity, arsenic’s use declined over time.
In the late 1970s, observational studies preformed in
China reported the effectiveness of arsenic trioxide as
part of a treatment regimen for APL.58 These results
have since been confirmed in trials in the United
States, leading to FDA approval in September 2000.59–61

Similar to tretinoin, arsenic has been shown to
cause degradation of PML-RAR-�, promoting cellular
differentiation.62 However, arsenic acts primary on the
PML gene and restores the cell’s apoptotic ability,
while tretinoin targets the RAR-� gene and reverses the
differentiation arrest. Yet, the degradation of PML-
RAR-� may not be the sole mechanism of action.62

Arsenic is thought to also act through the intracellular
environment to influence apoptosis, differentiation,
growth arrest, and angiogenesis.

The multiple mechanisms of actions suggest that
arsenic may have antitumor activity in other hemato-
logical malignancies, such as multiple myeloma, the
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Table 102.4 Dosing adjustments13, 28, 64

Drug Necessary dosing adjustment

Imatinib (Gleevec) Discontinue if liver transaminases are �5 times upper limit of normal or bilirubin is �3 times upper limit of 
normal. May resume at a reduced dose once transaminase level is �2.5 times upper limit of normal 
and/or bilirubin is �1.5 times upper limit of normal. Neutropenia may also necessitate dose reductions.

Interferon-�-2a Dose reductions of 50% or withholding individual doses may be needed when severe adverse events occur.
(Roferon-A)

Interferon-�-2b Dose reductions of 50% or withholding individual doses may be needed when severe adverse events occur.
(Intron-A) Administration should be withheld for a neutrophil count �1000/mm3, or a platelet count �50,000/mm3.



myelodysplasic syndromes, and a variety of solid
tumors.63 Most of the available data is preliminary and
published in abstract form, and therefore must be
interpreted with caution. Arsenic’s use continues to be
explored, and novel combination strategies are being
studied to expand its potential use.

Pharmacokinetics/metabolism
Arsenic is administered solely by the intravenous route.
Oral formulations are no longer used due to the high
occurrence of severe gastrointestinal toxicity.58 After
intravenous injection, peak levels are achieved 4 h
from the end of the infusion. Arsenic is metabolized by
methylation in the liver and excreted primarily in the
bile. Arsenic is preferentially distributed in tissues con-
taining significant amounts of sulfhydryl group-con-
taining proteins; mainly in the liver, kidneys, heart,
lung, hair, and nails.61 The drug is rapidly eliminated
with an half-life of 12 h.61

Toxicity
There are several adverse events associated with
arsenic trioxide that warrant careful monitoring and

management. The most common non-life-threatening
adverse events are nausea, rash, fatigue, neuropathy,
fever, headache, vomiting, diarrhea, tachycardia, and
hypokalemia. More serious complications include the
APL differentiation syndrome, and QT prolonga-
tion.60,61 Most of the toxicities are manageable,
reversible, more common during induction therapy
and do not require discontinuation.

APL differentiation syndrome, characterized by fever,
dyspnea, weight gain, pulmonary infiltrates, and pleural
or pericardial effusions, with or without leukocytosis,
occurred in 23% of APL patients.60 This syndrome can be
fatal and is treated immediately with intravenous dex-
amethasone (10 mg twice daily for 3 days or until signs
have abated).61

Arsenic can cause QT prolongation (potentially
leading to a torsade de pointes ventricular arrhythmia)
and complete atrioventricular block. Prior to patients
receiving arsenic, a 12-lead electrocardiogram should
be performed and serum electrolytes (potassium and
magnesium) should be assessed and replaced aggres-
sively if indicated. If the absolute QT interval is greater
than 500 msec, the drug should be discontinued.61
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HISTORY

Currently, dynamic changes are taking place in the field
of oncology. Remarkable advances have been made in
elucidating the complex mechanisms of cellular signal-
ing and malignant transformation, providing unique
targets for therapy. Monoclonal antibodies (MoAbs)
represent a subset of these newer, targeted therapies.
MoAbs are designed to target specific surface proteins
found on tumor cells, thus selecting malignant cellular
clones for destruction while sparing healthy cells. This
streamlined approach offers significant advantages over
traditional chemotherapy, where healthy cells are often
sacrificed in order to eradicate malignant cells. Recent
improvements in technology and laboratory methods
have enhanced the effectiveness of MoAbs, making
them more amenable to clinical use. 

Interestingly, while most of the currently available
MoAbs have entered the marketplace in the past
decade, the notion of antibody therapy has been
around for years. Conceptually dating back to the
nineteenth century, the initial idea of “serotherapy”
was developed by Behring through his work with
tetanus toxin. He discovered that immunizing toxin-
naïve animals with serum from animals exposed to
tetanus toxin provided a protective effect against
lethal doses of tetanus. Thus, he concluded that some
form of antitoxin develops upon exposure to lower
doses of toxin, providing future protection against the
disease.1 Rapidly building on this concept of a “magic
bullet,” Hericourt and Richet prepared an “antiserum”
to extracts of osteogenic sarcoma, which they used to
treat patients with the disease. In 1953, Pressman and
Korngold showed that antibodies could specifically
target tumor cells, thus renewing interest in using
immunotherapy for the treatment of cancer.2 Another
breakthrough occurred in 1968, when Porter and
Edelman identified the “antitoxin,” or Y-shaped
immunoglobulin structure well-known today.3 Finally,
in 1975, the Nobel prize-winning publication by
Kohler and Milstein described a realistic methodology

for the creation of compounds that specifically select
and bind to cancer cells. Their “hybridoma” cell lines
were created from animals repeatedly immunized
with target antigen. Subsequently, the B lymphocytes
of these animals were isolated and immortalized, and
the ability to produce specifically targeted antibodies
was retained.4 Thus began the serious evaluation of
MoAbs as potential therapeutic agents in the treat-
ment of cancer.

Three types of MoAbs have emerged, representing
three distinct therapeutic strategies: unconjugated
MoAbs, immunotoxin-conjugated MoAbs, and radionu-
clide-conjugated MoAbs.1 The unconjugated MoAbs rep-
resent the simplest form of therapy, where the antibody
itself achieves cell death through stimulation of host
immune effector mechanisms. The conjugated MoAbs,
on the other hand, are covalently linked to either a
toxin or a radioisotope. The release of the toxin/
radioisotope upon direct delivery to the targeted cell
accounts for the cytotoxicity of these compounds.5

UNCONJUGATED MOABS

PHARMACOLOGY
The unconjugated MoAb is a structurally complex
macromolecule comprising an immunoglobulin with
a constant region (Fc) and a variable region (Fab) that
is engineered to target a specific cell surface marker.
Ideally, cell surface markers would be found solely on
malignant clones; unfortunately, a cell surface marker
of this type has not yet been discovered. Thus, these
cell surface proteins are found not only on malignant
cells, but on healthy lymphoid or myeloid cell lines as
well. These agents bind to the targeted cell surface pro-
tein and form an antigen–MoAb complex, which then
allows the exposed Fc fragment of the drug to activate
host effector mechanisms.5 Cellular destruction can
occur via two pathways: (1) complement-mediated
cytotoxicity (CMC), which involves activation of com-
plement C1q on the Fc region, leading to the formation
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of a membrane-attack complex that lyses the target
cell and (2) antibody-dependent cellular cytotoxicity
(ADCC), which occurs through binding of Fc region
receptors to natural killer cells, monocytes, and
macrophages, leading to opsonization of the target.
Because host effector mechanisms require activation
by Fc region receptors located on cell surfaces, these
molecules cannot be internalized, but must remain
on the cell surface in order to function.1,5 The
immunoglobulin isotypes vary in their ability to acti-
vate these cellular functions. The IgG1 subclass is
thought to be the most effective in stimulating ADCC
and CMC functions in humans.6

THERAPEUTIC CHALLENGES
Between 1975 and the early 1990s, researchers in MoAb
therapy suffered a variety of setbacks and challenges.
Patients treated with the agents in clinical settings did
not show dramatic responses. The initial murine prod-
ucts were hindered by the development of HAMA
(human anti-mouse antibodies); host antibodies identi-
fied murine protein fragments as foreign, subsequently
inactivating the compounds after repeated administra-
tion.1 This was further complicated by allergic-type
reactions and even anaphylaxis. Other potential rea-
sons for the limited success of these compounds
included short drug half-lives, inadequate recruitment
of the patients’ immune effector cells, lack of specificity
of tumor antigens, internalization of the target antigen
by tumor cells, and inadequate quantities of antibody
administered.1 With the advancement of technology
and laboratory techniques involved in the production
of antibodies, as well as clinical research in genomics
and cellular-signaling pathways, the development of
therapeutic MoAbs has improved significantly in the
past 15 years. Production of humanized and human
chimeric antibodies, as well as clinical advances in
identification of antigenic receptors, has resulted in the
FDA approval of 17 MoAbs since 1986. Eight of these
compounds received approval for cancer indications
(Table 103.1).

APPROVED COMPOUNDS
Rituximab (Rituxan)
Rituximab, the most extensively studied MoAb to date,
is a chimeric human/mouse IgG1-� MoAb designed to
target cell surface protein CD20. Rituximab consists of
murine variable regions from the parent 2B8 MoAb
grafted onto a human IgG1 constant-region back-
bone.5 The cell surface protein CD20 offers an ideal
target, as it is expressed on �95% normal B lympho-
cytes and B-cell lymphomas, but not stem cells or
plasma cells. Additionally, CD20 is not shed or inter-
nalized upon antibody binding; thus, the antibody-
CD20 complex remains on the surface of the cell,
available to bind and stimulate ADCC and CMC.8 In
addition to ADCC and CMC, rituximab achieves ther-
apeutic activity by direct induction of calcium influx
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Table 103.1 Monoclonal antibodies currently approved
for the treatment of hematologic and oncologic malig-
nancies7

Monoclonal Target Clinical FDA 
antibody antigen uses approval

Rituximab CD20 B-cell lymphomas, 1997 
(Rituxan®) CLL

Trastuzumab HER2/neu Breast 1998
(Herceptin®) cancer

Gemtuzumab CD33 AML,APL 2000
(Mylotarg®)

Alemtuzumab CD52 B-cell CLL 2001
(Campath®)

90Y-ibritumomab CD20 B-cell lymphoma 2002
(Zevalin®)

131I-tositumomab CD20 B-cell lymphoma 2003
(Bexxar®)

Bevacizumab VEGFR Colorectal cancer 2004
(Avastin®)

Cetuximab EGFR Colorectal cancer 2004
(Erbitux®)

and apoptosis.5,8 Rapid depletion of CD20� B lympho-
cytes from blood, bone marrow, and lymph nodes last-
ing 3–6 months is observed following administration
of rituximab.1 Full recovery is typically achieved after
9–12 months.9 However, during this time, T lympho-
cyte and IgG levels remain constant, even though B
lymphocyte and IgM levels drop. In essence, humoral
immunity remains intact and patients do not experi-
ence an increased risk of infection during this time.1,5

Clinical trials Original phase I studies of rituximab used
single doses escalating up to 375 mg/m2. The trials
were actually stopped before any dose-limiting toxicity
was reached, illustrating the favorable side effect pro-
file of the drug. While some patients received more
than 1000 mg of rituximab , adverse effects were mild
and typically reversible. These consisted mainly of
infusion-related effects such as fever, asthenia, chills,
nausea, vomiting, rash, and urticaria.10 Adverse effects
were most common with initial doses and typically
subsided with subsequent drug exposure. Further stud-
ies evaluated rituximab for a variety of indications,
beginning with relapsed low-grade and follicular non-
Hodgkin’s lymphoma.11 A pivotal trial evaluated
weekly rituximab 375 mg/m2 for 4 weeks in a popula-
tion of patients with a median of two prior relapses.
Response rates were impressive, with 48% of patients
achieving partial responses and 6% achieving com-
plete responses.12 Rituximab has been studied in com-
bination with traditional chemotherapy as well. A sec-
ond pivotal trial compared CHOP alone to CHOP plus
rituximab in patients between 60 and 80 years of age



with previously untreated diffuse large B-cell lym-
phoma. The rituximab arm had no significant increase
in adverse events compared to the control arm, but
showed significantly higher rates of event-free and
overall survival.13 Use of rituximab has now expanded
to other B-cell malignancies, including chronic lym-
phocytic leukemia and small lymphocytic lymphoma.8

Dose intensification protocols have been evaluated
with the goal of improving response rates in these dis-
ease states; however, the exact role of rituximab in
these malignancies remains to be defined.14

Pharmacokinetics The pharmacokinetic profile of rit-
uximab exhibits significant interpatient variability.
Serum concentrations can fluctuate up to fivefold
between patients; in addition, with each successive
dose of drug, an individual’s serum concentration
increases significantly. In one pharmacokinetic study,
median values for peak serum levels essentially dou-
bled from the first to the fourth dose.15 Rituximab
serum half-life follows the same pattern, increasing
2.7-fold between the first and fourth doses (ranging
from 3.2 to 8.6 days). This increase in half-life supports
the theory that rituximab undergoes lymphocyte-
mediated clearance. Fluctuating plasma concentration
values may correspond to circulating CD20� lympho-
cyte numbers, as well as CD20� receptor saturation,
suggesting that clearance is dependent on the amount
of CD20� cells present.9,14

Adverse effects Rituximab is fairly well tolerated, with
the majority of adverse effects being infusion-related.
In one pivotal trial, adverse events were reported in
84% patients; however, �5% of these were considered
severe (grade 3 or 4 based on NCI–CTC criteria).
Additionally, these adverse reactions were typically
limited to the first dose; 55% of patients reported no
adverse effects with subsequent doses.12 These reac-
tions appear to correspond to clearance of CD20�

lymphocytes, and are most severe upon initial expo-
sure to the drug.9 Patients at highest risk include those
with circulating malignant lymphocyte counts
�25,000/mm3 as well as patients with bulky disease
(lesions �10 cm). Premedication with acetaminophen
and antihistamines reduces the commonly experi-
enced fever, chills, and malaise; in the rare cases where
bronchospasm, angioedema, or hypotension occurs,
stopping the infusion and providing supportive care
usually resolves the reaction.9

Alemtuzumab (Campath-1H)
Alemtuzumab, the end result of two decades’ worth of
research and development, is a humanized rat IgG-1
antibody directed against cell surface marker CD52.1

Initially, alemtuzumab was developed as a rat IgM
antibody and used for in vitro T-cell depletion prior to
stem cell transplantation. While in vitro Campath-1M
was successful, trials evaluating systemic use in lym-

phoma patients demonstrated disappointing results.
This was thought to be due to the IgM component of
the compound ineffectively stimulating ADCC. Thus,
Campath-1G was developed, an IgG2b antibody.
Initially more successful against lymphoma and bone
marrow cells, Campath-1G encountered problems
when patients quickly developed HAMA as a result of
the murine nature of the drug.16 Finally, a humanized
rat IgG-1 antibody was developed, known as Campath-
1H or alemtuzumab. The CD52 surface protein is
expressed on most lymphocytes (both B and T cells),
monocytes, macrophages and eosinophils, as well as
cells lining the distal epididymis, vas deferens, and
seminal vesicles in the male reproductive tract; how-
ever, it is not found on erythrocytes, platelets, or stem
cells.8 In addition, while CD52 is highly expressed in
some forms of CLL, NHL, and ALL, it is not shed or
internalized, making it an excellent MoAb target.8

Once alemtuzumab binds to the CD52 receptor, cellu-
lar cytotoxicity is achieved through ADCC, CMC, and
direct apoptosis.17

Clinical trials Alemtuzumab is currently indicated for
the treatment of fludarabine-refractory B-cell CLL.
Three major studies have assessed alemtuzumab in this
population.18–20 The largest of these studies was an
international collaboration between centers in the
United States and Europe; this study evaluated 12 weeks
of intravenous alemtuzumab in 92 fludarabine-resistant
patients, of which 76% had Rai stage II or IV disease.20

The overall response rate was 33%, with 2% CR. Median
survival was 16 months. Patients with bulky lym-
phadenopathy were less likely to respond, possibly indi-
cating poor tumor penetration of alemtuzumab.8,20

Toxicity was moderate and consisted mainly of infec-
tious problems (55% patients) as well as infusion-
related reactions. Rai et al. supported these findings
with a study evaluating 24 poor-prognosis, fludarabine-
treated chronic lymphocytic leukemia patients.19 After
up to 16 weeks of treatment with alemtuzumab (target
dose 30 mg three times weekly), the overall response
rate was 33%. Median time to progression was 19.6
months. Because of the high incidence of infusion-
related reactions encountered during intravenous infu-
sion of alemtuzumab, subcutaneous use has emerged as
a potential alternative route of administration. Another
trial evaluated subcutaneous alemtuzumab in 41
patients with advanced, previously untreated CLL.21 An
overall response rate of 87% was achieved, with 19%
CR. While injection site reactions were seen in 90%
patients, these were grades 1–2 in severity. The infusion
reactions generally encountered with intravenous dos-
ing were absent, aside from some patients experiencing
rigors.21,22

Alemtuzumab has demonstrated some activity in
other hematologic malignancies as well, including 
T-cell PLL and low-grade lymphomas.23–25 An encour-
aging study by Pawson et al. evaluated 15 patients
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with refractory T-cell prolymphocytic leukemia, most
of whom had failed prior treatment with pentostatin.
The response rate was 73%, with 60% patients achiev-
ing CR.23 These results were subsequently verified in
other studies with T-cell lymphoma patients; response
rates have consistently remained above 50% even in
heavily pretreated populations.24,25

Combination therapy with alemtuzumab has
recently been explored; one study evaluated six
patients with refractory disease who were treated with
fludarabine and alemtuzumab concurrently.26 Five
patients responded, with one patient achieving a com-
plete response. Additionally, sequential therapy with
fludarabine followed by alemtuzumab has been stud-
ied; this combination, while associated with signifi-
cant rates of infectious complications (12 of 57
patients developed grade 3 or 4 infections during or
after alemtuzumab treatment), patients who com-
pleted therapy showed significant response rates.
Thirty-six of 57 patients enrolled finished both the flu-
darabine and alemtuzumab phases of treatment; this
group achieved an overall response rate of 92%, with
42% CR.27 Longer follow up and additional studies will
help to fully elucidate the role of combination therapy
with alemtuzumab. 

Administration and pharmacokinetics Alemtuzumab is
typically administered in a gradual dose-escalation
fashion, which helps reduce the severity of infusion-
related reactions that occur upon first exposure to the
compound. The initial recommended dose of alem-
tuzumab is 3 mg infused over 2 h on day 1, followed
by 10 mg on day 2, and if tolerated, 30 mg thrice
weekly. Treatment is generally continued for 4–12
weeks as tolerated. With maintenance dosing, peak
levels of alemtuzumab reach steady state after approx-
imately 6 weeks, at which point the drug half-life is 12
days.28

Adverse effects Adverse effects associated with alem-
tuzumab consist mainly of infusion-related reactions,
infectious complications, and hematologic toxicity.
Acute infusion toxicities are quite common, seen in
90% of patients in a large trial by Keating et al.20

Rigors, fever, nausea, vomiting, and rash are often
seen with initial infusions; however, these typically
decrease with subsequent drug exposure.22 Rarely,
hypotension and dyspnea are encountered.8 Premed-
ication with acetaminophen and antihistamines is
recommended to reduce this possibility. Infectious
complications have been problematic as well; oppor-
tunistic infections, CMV reactivation, HSV infection,
PCP, candidiasis, and septicemia have all been
reported.20 Currently, antibacterial and antiviral pro-
phylaxis is recommended in order to prevent these
complications. Lymphocyte counts drop rapidly after
alemtuzumab treatment, resulting in a severe and pro-
longed lymphopenia. Myelosuppression, on the other

hand, consisting of anemia, neutropenia, and throm-
bocytopenia, is typically moderate and transient.8,20

IMMUNOTOXINS

PHARMACOLOGY
The immunotoxin-conjugated MoAbs, or ITs, are fusion
proteins that consist of MoAbs covalently linked to
protein toxins. These highly potent toxins are typi-
cally derived from plant, bacterial, or fungal sources
and possess the ability to disrupt protein synthesis
through a series of catalytic enzymatic reactions at
very small concentrations.1 The most technically chal-
lenging of all MoAbs to design and deliver, immuno-
toxins are genetically engineered to retain their cyto-
toxic potency, while their tissue-binding domains are
truncated in order to allow for MoAb-directed target-
ing of specific cell surface proteins. This minimizes
binding of the toxin to healthy cells, while selectively
targeting malignant clones.29 In order for the toxin to
exert its effect, it must undergo internalization by the
cell, rather than remaining on the cell surface as with
unconjugated MoAbs. This allows the toxin to gain
access to critical intracellular functions located within
the cytosol. Receptor-mediated endocytosis occurs
once the compound binds to the cell surface. Upon
entering a cell, the toxin is carried by clathrin-coated
vesicles to either acidic endosomes (bacterial toxins)
or neutral trans-Golgi (plant toxins), where interrup-
tion of protein synthesis occurs. Both plant and bac-
terial toxins disrupt the elongation step of protein
synthesis, through enzymatic alteration of either
elongation factor 2 or its binding site.30 Toxins that
have been used in this manner include ricin, abrin,
diphtheriatoxin, and pseudomonas toxin. A variety of
compounds are currently in clinical development
(Table 103.2).

THERAPEUTIC CHALLENGES
The majority of literature evaluating immunotoxins
consists of data from phase I trials. While these studies
have collectively shown that therapeutic serum levels
of toxin can be achieved with acceptable toxicity,
much research remains to be done. The compounds
have been plagued with high toxicity profiles and low
response rates.30 Many different MoAb-toxin combina-
tions have been studied and the adverse effect profile
has remained surprisingly consistent. Most of the
phase I dose-escalation trials have been limited by the
development of a vascular leak syndrome; peripheral
edema, pulmonary edema, weight gain, hypoalbu-
minemia, hypotension, and pericardial effusions are
thought to be due to toxin-mediated endothelial dam-
age.5,30 Hypersensitivity reactions are common as well,
along with fever, malaise, and nausea. Further compli-
cating these hypersensitivity responses is the fact that
patients can react to one or both components of the
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compound. HAMA and antitoxin responses have been
documented, which limits the ability to retreat
patients because of neutralizing antibodies that render
the compounds ineffective.5 Other factors contribut-
ing to the limited activity of immunotoxins include
minimal penetration of bulky tumor sites, particularly
in non-Hodgkin’s lymphoma and Hodgkin’s dis-
ease.30,33

APPROVED COMPOUNDS
Gemtuzumab ozogamicin (Mylotarg)
Gemtuzumab ozogamicin (GO) is one of the first clin-
ically available immunoconjugates, approved in 2000
for the treatment of relapsed AML in patients �60
years of age with CD33-positive disease. The com-
pound consists of a humanized MoAb to CD33 linked
to two molecules of the enediyne antitumor antibiotic
n-acetyl-�-calicheamicin.28 Calicheamicin is a cyto-
toxic natural product isolated from Micromonospora
echinospora that is at least 1000 times more potent
than conventional chemotherapy agents such as dox-
orubicin.34 The cell surface protein CD33 is expressed
by most hematopoietic cells; in fact, this protein is not
found outside of the hematopoietic system. As such, it
is an excellent target for new therapies in hematologic
malignancies. Immature and mature myeloid cells as
well as erythroid, megakaryocytic, and multipotent
progenitor cells express CD33. More importantly,

leukemic blasts in approximately 90% of patients with
AML express this marker.28 Once GO binds to CD33
receptors, it forms an antibody–calicheamicin com-
plex on the cell. This complex rapidly undergoes endo-
cytosis, where lysosomal enzymes then cleave the
covalent bond between the MoAb and calicheamicin,
liberating the calicheamicin toxin inside the cell. The
enediyne component of calicheamicin is responsible
for much of its toxicity; this reactive portion of the
molecule produces cytotoxic biradicals upon aromati-
zation, which leads to phosphodiester DNA strand
breaks. After calicheamicin binds to the DNA duplex
minor groove, double-strand breaks in the oligopyrim-
idine and oligopurine tracts occur; this positions the
enediyne ring to abstract hydrogen atoms from neigh-
boring strands.34

Clinical trials Results of phase I studies evaluating GO
in patients with relapsed AML showed that two doses
of 9 mg/m2 resulted in �75% saturation of CD33 anti-
gen on peripheral blood mononuclear cells.35 This sub-
sequently became the recommended dose for phase II
trials. A series of three phase II trials enrolled a total of
142 patients with untreated, relapsed AML. The data
was compiled and published in one report.36 The
median age was 61, and the median length of first CR
was 11.1 months; 109 patients (77%) received two
doses of drug and 5 (3%) received 3 doses; the overall
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Table 103.2 Immunotoxins currently under investigation for hematologic malignancies31,32

Compound Target Toxin Clinical use

DAB389-IL2 (Ontak) Interleukin 2 receptor Diptheria toxin Cutaneous T-cell lymphoma

Anti-TAC (Fv)-PE38 CD25 Pseudomonas toxin B-cell lymphomas, T-cell lymphomas, 
(LMB-2) and Hodgkin’s disease 

RFT5-dgA CD25 Ricin Hodgkin's disease 

RFB4-dgA CD22 Ricin Non-Hodgkin’s lymphoma, B-CLL

HD37-dgA CD19 Ricin Relapsed B-cell non-Hodgkin’s lymphoma

RFB4(dsFv)-PE38 (BL22) CD22 Pseudomonas toxin B-cell lymphomas, B-CLL, hairy cell leukemia 

Anti-CD7-dgA CD7 Ricin T-cell non-Hodgkin’s lymphoma

DT-Anti-Tac(Fv) CD25 Diptheria toxin Leukemias, lymphomas

B3-Lys-PE38 Lewis Y Pseudomonas Carcinoma

B3(Fv)-PE38 toxin

B3(dsFv)-PE38

BR96(sFv)-PE40

e23(Fv)-PE38 ErbB2/HER2 Pseudomonas toxin Breast cancer

FRP5(scFv)-ETA

MR1(Fv)-PE38 Mutant EGF-R Pseudomonas toxin Liver, brain tumors

SS1(Fv)-PE38 Mesothelin Pseudomonas toxin Ovarian cancer

Fv, antigen recognition site on the monoclonal antibody; IL2, interleukin 2; toxins include PE38 (truncated pseudomonas exotoxin), DAB389
(truncated diphtheria toxin), and dgA (deglycosylated ricin A chain).



response rate was 28% in patients whose initial
responses lasted � 1 year and 32% in patients whose
original responses lasted � 1 year. There were 23 com-
plete responses (16%) and 19 CRPs (complete response
without full platelet recovery, �100,000/l). No signifi-
cant difference in response rates or overall survival was
seen based on age or cytogenetic profiles. Toxicities
consisting of fever, rigors, hypotension, and other
infusion-related events were common (grade 3 or 4
infusion reactions occurred in 34% patients during the
first dose, but only 12% during the second dose).
Other significant grade 3/4 adverse effects included
thrombocytopenia (99%), neutropenia (97%), hyper-
bilirubinemia (23%), and infections (28%). Based on
these studies, the FDA granted GO conditional
approval as single-agent therapy for CD33-positive,
relapsed AML in patients �60 years of age who are not
candidates for other chemotherapy. This approval was
contingent upon ongoing studies evaluating the role
of GO in recurrent AML as well as the comparison of
GO with chemotherapy versus chemotherapy alone.28

A variety of studies further evaluating GO have
been conducted37,38; Nabhan et al. published a trial
evaluating GO as initial AML treatment in 12 patients
who were �65 years old. The overall response rate was
27%. Treatment was fairly well tolerated; however
100% patients experienced grade 3 or 4 neutropenia
and/or thrombocytopenia.37 Five patients experienced
elevations in LFTs, notably bilirubin, although none of
these were considered grade 3 or 4. No evidence of
hepatic venoocclusive disease (VOD) was reported. 

Additionally, GO has been evaluated in combina-
tion with other chemotherapeutic agents.39 Piccaluga
et al. evaluated nine patients with a median age of 63
years (five with untreated AML and four with relapsed
AML). Patients received GO 6 mg/m2 on day 1 and 4
mg/m2 on day 8 concurrently with cytarabine 100
mg/m2/day continuous infusion days 1–7. Three of
five patients with untreated disease achieved CR, along
with two of four patients with relapsed AML. Median
overall survival was 6 months. The most common
adverse effect was myelosuppression; again, 100%
patients experienced grade 3 or 4 neutropenia and/or
thrombocytopenia. Infusion-related reactions were
documented in two patients; transaminase elevations
were encountered as well, with ALT/AST elevations
occurring in seven patients (grade 3 in two cases),
hyperbilirubinemia in three patients, and alkaline
phosphatase elevation in seven cases.39 The most con-
cerning adverse event was grade 3/4 bleeding, which
occurred in four patients. 

Other combination regimens with different agents,
including cytarabine, daunorubicin, topotecan, idaru-
bicin, cyclosporine, fludarabine, troxacitabine, and
anti BCL-2 antisense are currently under investigation
or being published. A trial with topotecan, Go, and
cytarabine was moderately effective but associated
with significant toxicity.40 Additionally, 2 of 14 patients

included in this study developed hepatic VOD. This
seems to be a major toxicity of concern with GO combi-
nation regimens. More data is needed before GO can be
recommended in conjunction with other chemotherapy
agents.

Administration/pharmacokinetics Gemtuzumab is admin-
istered as an intravenous infusion over 2 h. A full course
of treatment consists of two doses of 9 mg/m2, given
14 days apart.28 Pretreatment with antihistamines
and/or corticosteroids is recommended in order to
reduce infusion-related reactions. Elimination half-life
of the drug is fairly long; median half-life of the anti-
body component is 72.4 h, while median half-life of
the calicheamicin component is 45.1 h.28 Increased
median plasma concentrations are observed following
a second dose; this indicates reduced tumor burden
and lesser clearance by CD33� blast cells as compared
to the first dose.41

Adverse effects GO is associated with a variety of
adverse effects, mainly consisting of infusion-related
reactions, hepatotoxicity, and myelosuppression.34

The infusion-related events are similar to those asso-
ciated with other MoAbs and include fever, rigors,
hypotension, dyspnea, nausea, emesis, and headache.
Premedication with corticosteroids may reduce this
complication. Myelosuppression is profound and
prolonged; counts typically nadir at 7–14 days and
recover at 28–35 days.36 In some cases, recovery may
take even longer; in fact, some patients never achieve
full recovery of platelet counts; thus, the develop-
ment of the response denoted CRp (�100,000/mm3).
Hepatotoxicity associated with GO therapy is another
recognized adverse effect. Typically, this consists of
transient hyperbilirubinemia and/or transaminitis
that is of little clinical significance. The average onset
is within 8 days, and duration is 20 days.36 A more
concerning manifestation of hepatotoxicity is
hepatic veno-occlusive disease (VOD). This seems to
be more common when GO is used in combination
with other chemotherapy or after stem cell trans-
plant.34 When GO is used in the approved single-
agent manner, VOD incidence is approximately
1–5%. However, when GO is used in combination
therapy, VOD risk increases to 5–12%.34 This adverse
effect is unpredictable and does not correlate to age,
gender, underlying disease (MDS versus AML), base-
line renal or hepatic function, alcoholism, or hepati-
tis history.34 It has been postulated that premedica-
tion with acetaminophen may increase the risk of
VOD by interfering with glutathione oxidation-
reduction reactions, leaving sinusoidal endothelial
cells susceptible to attack by calicheamicin-generated
free radicals. Until the exact mechanism of VOD
development is discovered, it is recommended to
avoid premedication with acetaminophen prior to
GO treatment.28,42 VOD remains a significant concern
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with GO therapy and more data is needed to determine
the risks and benefits of treatment with this agent.

RADIOIMMUNOCONJUGATES

PHARMACOLOGY
The radiolabeled MoAbs consist of a MoAb coupled
with a radionuclide. This therapeutic modality was
developed to act as a “guided missle”; the MoAb deliv-
ers ionizing radiation solely to cells that express the
antigenic determinant to which the antibody was orig-
inally developed. Thus, healthy cells are spared from
the toxic effects of the radiation. Hematologic malig-
nancies are ideal candidates for this type of treatment
because they are known to be exquisitely radiosensi-
tive.5,43 Radiolabeled MoAbs offer certain advantages
over other MoAbs: They do not depend on host effec-
tor mechanisms or cellular internalization transport
mechanisms to exert their toxic effects; rather, they
emit continuous, decreasing, low-dose-rate irradiation
in the form of electrons, or �� particles, that are dis-
charged over 1–5 mm.43 These particles induce lethal
DNA damage to antigen-positive cells as well as neigh-
boring cells in close proximity to target cells.5,44 This
can be advantageous when treating physically inacces-
sible, bulky tumors. Two major radionuclides are cur-
rently used in radioimmunoconjugate synthesis: 131I
and 90Y. These two radionuclides differ slightly in
terms of radiation and half-life. 131I emits not only ��

particles, but also a high degree of � radiation. The
half-life of 131I is 193 h. In contrast, 90Y emits only ��

particles and has a much shorter half-life of 64 h.5

However, 90Y emits higher energy particles that actu-
ally penetrate deeper into tissue. Theoretically, this
may be advantageous when treating larger, more bulky
tumors. On the other hand, 90Y is less readily available
and more expensive than 131I. In addition to the DNA
damage induced by the radionuclide, there is some
evidence to suggest that the antibody itself stimulates
host immune effector mechanisms, which may
account for some of the activity of these radioim-
munoconjugates in non-Hodgkin’s lymphoma.44

THERAPEUTIC CHALLENGES
Some challenges have been encountered with radioim-
munoconjugates as well. Tumor bulk, location, and
burden vary greatly among patients and can signifi-
cantly affect the distribution of the drug. Complex and
meticulous dosimetry studies using trace-labeled
radioimmunoconjugates must be conducted with each
patient prior to initiating therapy. This determines
where the highest concentration of radiation will be
delivered; ideally, tumor sites receive the largest dose,
while healthy organ and tissue sites are exposed to
smaller doses.5 If dosimetry studies show unfavorable
distribution of radiation, patients do not receive ade-
quate therapy. Other issues hindering the success of

these compounds include large tumor burden, which
prevents access of the radionuclide to the site; shed-
ding of the antigen and circulating tumor cells, both of
which deplete drug from the circulation; and nonspe-
cific binding of the compound by normal host tissues,
subsequently enhancing the toxicity.5 Some adverse
effects encountered with these agents are similar to
those experienced with other MoAbs, such as fever,
chills, rash, nausea, and other infusion reactions as
well as potential development of HAMA. Of particular
concern is the myelosuppression, especially thrombo-
cytopenia, seen with these compounds.45,46 While
considerable patient variability exists, peripheral
blood counts typically nadir at 3–4 weeks and stay low
for up to 16 weeks after treatment. Bone marrow
involvement, prior radiation, and chemotherapy
exposure can enhance this effect.43

APPROVED COMPOUNDS
90Y-Ibritumomab tiuxetan (Zevalin) 
90Y-Ibritumomab tiuxetan is a radioimmunoconjugate
comprising a murine-derived MoAb, targeting cell sur-
face protein CD20, bound to the radionuclide 90Y. The
cell surface protein CD20 is expressed on �95% nor-
mal B lymphocytes and B-cell lymphomas, yet not
stem cells. Additionally, CD20 is not internalized upon
antibody binding; thus, the antibody-CD20 complex
remains on the surface of the cell, available to bind
and stimulate antibody-dependent and complement-
mediated cytotoxicity.47 The bridge between the Fc
portion of the MoAb and the 90Y isotopes is achieved
through the linking compound tiuxetan. Isotopes are
electrostatically chelated to tiuxetan, which is then
attached to exposed amino acids in the antibody by
very stable thiourea covalent bonds. Upon selective
binding of the compound to CD20 receptors, 90Y emits
�-radiation that is discharged over 1–5 mm, damaging
the DNA of B lymphocytes and immediately surround-
ing cells.43 In addition, it is thought that some con-
tributory activity of the drug is derived from CMC and
effector cell mechanisms induced by the MoAb com-
ponent. Because the half-life of this compound is rela-
tively short (64 h) and 90Y does not emit �-rays, ibritu-
momab tiuxetan is considered the safer of the
approved radioimmunoconjugates.28,43

Administration and pharmacokinetics Treatment with
ibritumomab tiuxetan can be divided into two phases
1-week apart: a “cold” phase and a “hot” phase. The
cold phase consists of delivery of an imaging agent,
111In, which lacks therapeutic �-emissions but does
emit �-radiation for imaging. This serves to map the
distribution and uptake of the drug. In addition, ritux-
imab is administered with the goal of clearing circulat-
ing CD20� B lymphocytes from the circulation. This
dose of rituximab is repeated in 1–2 weeks, again clear-
ing the bloodstream of circulating CD20� lympho-
cytes in order to better facilitate uptake of radiolabeled
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drug into the tumor mass.43 Administering therapeutic
radiolabeled drug without first priming the system
with cold anti-CD20 antibody merely results in uptake
of drug by circulating B lymphocytes and the reticu-
loendothelial system.28 By initially binding up circu-
lating B lymphocytes, as well as tumor cells on the
periphery of the mass, drug penetration of the tumor is
enhanced. Additionally, the unlabeled anti-CD20 anti-
body also stimulates immune effector cells and leads
to more effective tumor kill.43

Adverse effects The major adverse effect associated with
ibritumomab tiuxetan is myelosuppression, consisting
mainly of neutropenia and thrombocytopenia.45,46

Because of this, several parameters must be met before
patients can be treated with this agent. Qualifications
for therapy include �25% lymphoma involvement of
bone marrow, platelet count �100,000 cells/mm3, and
no history of hypocellular marrow or failed stem cell
collection.28 The average time to neutrophil nadir is 62
days, while platelets typically nadir around day 53.
Cells recover after approximately 22–35 days.43

Additional adverse effects include those seen with
other anti-CD20 agents, such as fever, hypotension,
chills, skin rash, and rarely nausea and vomiting.45

131I Tositumomab (Bexxar)
131I tositumomab is a radioimmunoconjugate compris-
ing a murine anti-CD20 MoAb covalently linked
through tyrosine amino acids in the immunoglobulin
protein to iodine-131. Tositumomab does not require a
linker due to direct covalent bonding between the
MoAb and the radionuclide. 131I is more readily avail-
able than 90Y and is relatively inexpensive. However,
131I emits both �- and �-irradiation, necessitating spe-
cial radiation precautions for patients receiving this
compound. Dehalogenation (cleaving of the radionu-
clide from the compound) can occur as well; this
results in potential uptake of free iodine by the thyroid
and stomach. Oral thyroid blockade is recommended
beginning 24 h before therapy and continuing for 14
days in order to prevent iodine uptake and subsequent
hypothyroidism.47 The rate of dehalogenation varies
significantly among patients, resulting in fluctuating
rates of urinary clearance. Thus, dosimetry calcula-
tions incorporating total-body distribution and tissue
uptake must be completed for each patient. Doing
this enables maximal tumor targeting while minimiz-
ing toxic effects to normal tissues.43 Because 131I emits
�-radiation as well, it can be used as the tracer agent for
the cold phase of treatment. Thus, the imaging agent is
the same 131I tositumomab, used at a lower dose.
Unlabeled tositumomab is also used as the cold antibody
to deplete the CD20� B-lymphocyte “sinks,” resulting
in a higher dose of drug delivered to the tumor.47

Pharmacokinetics The half-life of 131I tositumomab is
approximately 8 days, but varies somewhat among

individuals because of fluctuating clearance rates of
the compound.1 The major dose-limiting toxicity of
131I tositumomab is myelosuppression, similar to that
seen with 90Y ibritumomab. Therefore, patients must
have �25% lymphoma involvement of bone marrow,
platelet count �100,000 cells/mm3, and no history of
hypocellular marrow or failed stem-cell collection in
order to receive drug.28 Other acute toxicities include
infusion-related effects such as nausea, vomiting, skin
rash, hypotension, fever, and chills.45 It is thought that
these effects are related to the clearance of CD20�

cells.

INVESTIGATIONAL AGENTS
Numerous conjugated and unconjugated MoAbs are
currently under development for the treatment of
hematologic malignancies (Table 103.3). This area of
research is expanding, with technological advance-
ments rapidly increasing the spectrum of use beyond
the current scope. The lymphomas and leukemias are
subjects of many clinical trials, from identification of
cellular surface proteins and genetic mutations to tar-
geting specific antibodies, cell signaling pathways, and
cytokines. Combination MoAb therapy is another
avenue that is being explored.58

Epratuzumab (LL2)
Epratuzumab is a humanized IgG1-� MoAb targeted to
cell surface protein CD22 This compound was initially
developed in murine form and later genetically engi-
neered to a humanized form. CD22 is mainly
expressed on B lymphocytes and has been found in
60–80% of B-cell malignancies.59 Because of its speci-
ficity for B lymphocytes, and relative lack of toxicity
toward other cell lines, epratuzumab is considered an
attractive agent for use in heavily pretreated lym-
phoma populations. Both human and murine forms
are currently being investigated. Additionally, cold
antibody, as well as radiolabeled (131I and 90Yttrium)
compounds, are being evaluated. Epratuzumab is
rapidly internalized upon binding to CD22-expressing
cells, and the main mechanism of toxicity is thought
to be ADCC; CMC and direct apoptosis have not been
observed in in vitro studies.60

Epratuzumab has been studied in relapsed and
refractory B-cell malignancies. The compound was
administered intravenously, with doses ranging from
120 to 1000 mg/m2/week in phase I studies.61

Premedication with acetaminophen and diphenhy-
dramine was included to minimize infusion reactions.
Patients tolerated treatment well, as most infusion
reactions were considered grade 1 and no dose-limit-
ing toxicity was reached. In this initial treatment-
refractory group of 40 patients, 3 CRs and 6 PRs were
observed.61 Combination therapy with epratuzumab
has also been evaluated.58 In fact, the first trial of
combination MoAb therapy included this agent.
Epratuzumab and rituximab target two distinct cell
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surface proteins and therefore may act synergistically.
Preliminary results show that combination therapy
has been well-tolerated, with most patients demon-
strating objective responses.58 It remains to be seen
whether initial results will be confirmed upon further
evaluation. However, combination therapy is an excit-
ing therapeutic avenue to explore, potentially offering
improved efficacy by targeting two different cell sur-
face proteins. 

Apolizumab(HU1D10)
Apolizumab is another humanized IgG1MoAb currently
under investigation. This compound is designed to tar-
get the antigenic determinant 1D10, which binds to the
� chain variant of human leukocyte antigen-DR (HLA-
DR). This 1D10 antigenic determinant is expressed pri-
marily by lymphocytes, macrophages, and mesenchy-
mal dendritic cells.62 While it is found on normal B
lymphocytes, monocytes, and dendritic cells, it is also
expressed on a proportion of NHL and CLL cells.63 A
recent study evaluated flow cytometry immunopheno-
typing of lymphoid malignancies in 105 patients �21
years of age. Results showed that 87/87 (100%)
patients with pre-B cell ALL expressed HLA-DR and 3/3
(100%) patients with Burkitt lymphoma expressed this

antigen. However, only 2 out of 11 (18%) patients with
T-cell malignancies exhibited a positive result for HLA-
DR.64 Thus, HU1D10 targets an important cell surface
protein expressed in leukemias and lymphomas of B-cell
origin. HU1D10 stimulates CMC, ADCC, and caspase-
independent, direct apoptosis of cells expressing 1D10
antigen.62,63 A few phase I studies are currently evaluat-
ing patients with relapsed B-cell lymphomas; prelimi-
nary results indicate manageable toxicity, consisting
mainly of grade 1–2 adverse effects.65–67 In one study,
three of six patients with follicular lymphoma treated
with 4 weekly infusions exhibited partial responses.
These responses were delayed in nature, occurring at a
median of 106 days and improving up to 400 days after
treatment.66 Authors suggest a unique mechanism of
action due to this pattern of response, and further stud-
ies may help clarify the activity of HU1D10, including a
potential role in combination therapy. 

CONCLUSIONS

After many long and arduous years of research and
development, MoAbs are finally beginning to play a
pivotal role not only in cancer therapeutics, but in

Table 103.3 Monoclonal antibodies under investigation for hematologic malignancies

Cellular Investigational Approved 
Compound Target expression hematologic uses clinical uses

Infliximab TNF-� Numerous cell lines, Steroid-refractory Rheumatoid arthritis, 
(Remicade®) including macrophages, GVHD49 Crohn’s disease48

are activated by
TNF-�48

Basiliximab CD25 Activated T-lymphocytes50 Steroid-refractory GVHD51 Transplant rejection
(Simulect®)

Daclizumab CD25 Activated T-lymphocytes Steroid-refractory GVHD52 Transplant rejection
(Zenapax®)

Bevacizumab VEGFR Overexpressed in a variety Refractory AML54 Colorectal cancer
(Avastin®) of malignancies53

Epratuzumab CD22 B lymphocytes B-cell lymphomas, follicular NHL22 aInvestigational
(LL2)

Apolizumab HLA-DR B lymphocytes B-cell malignancies, relapsed NHL aInvestigational
(HU1D10)

Lumiliximab CD23 IgE, CLL cells22,55,56 Relapsed CLL aAllergic asthma
(IDEC-125)

EB10 FLT-3 90% AML leukemic blasts57 AML aInvestigational
(FMS-like
tyrosine
kinase 3)

SGN-30 CD30 Activated T lymphocytes, Hodgkin’s disease aAnaplastic large cell 
activated B lymphocytes, lymphoma
and activated NK cells58

aAgents currently in clinical trials, not yet FDA approved.



other disease states as well. Laboratory techniques
enabling the chimerization or humanization of anti-
bodies has resulted in significant improvement in the
tolerability of these compounds. Additionally,
advancements in bioreactor capabilities have enabled
companies to meet commercial demands for these
products. Developments in recombinant technology
involving linkers, toxins, and radiolabeled isotopes
will lead to the availability of more MoAbs for routine

tion and anti-tumor response in the treatment of recur-
rent low-grade or follicular non-Hodgkin’s lymphoma.
Ann Oncol 9:995–1001, 1998. 

16. Dyer MJ, Hale G, Hayhoe FG, Waldmann H: Effects of
Campath-1 antibodies in vivo in patients with lym-
phoid malignancies: influence of antibody isotype. Blood
73(6):1431–1439, 1989. 

17. Greenwood J, Gorman SD, Routledge EG, Lloyd IS,
Waldmann H: Engineering multiple-domain forms of
the therapeutic antibody CAMPATH-1H: effects on com-
plement lysis. Ther Immunol 1:247–255, 1994.

18. Osterborg A, Dyer MJS, Bunjes D, et al.: Phase II multi-
center study of human CD52 antibody in previously
treated chronic lymphocytic leukemia. J Clin Oncol
15:1567–1574, 1997.

19. Rai KR, Freter CE, Mercier RJ, et al.: Alemtuzumab in
previously treated chronic lymphocytic leukemia
patients who also had received fludarabine therapy. 
J Clin Oncol 20:3891–3897, 2002.

20. Keating MJ, Flinn I, Jain V, et al.: Therapeutic role of
alemtuzumab (CAMPATH-1H) in patients who have
failed fludarabine: results of a large international study.
Blood 99:3554–3561, 2002.

21. Lundin J, Kimby E, Bjorkholm M, et al.: Phase II trial of
subcutaneous anti-CD52 monoclonal antibody alem-
tuzumab (CAMPATH-1H) as first-line treatment for
patients with B-cell chronic lymphocytic leukemia 
(B-CLL). Blood 100:768–773, 2002.

22. Mavromatis B, Cheson BD: Monoclonal antibody ther-
apy of chronic lymphocytic leukemia. J Clin Oncol
21(9):1874–1881, 2003.

23. Pawson R, Dyer MJS, Barge R, et al.: Treatment of T-cell
prolymphocytic leukemia with human CD52 antibody. 
J Clin Oncol 15:2667–2672, 1997.

24. Keating MJ, Cazin B, Coutre S, et al.: Campath-1H treat-
ment of T-cell prolymphocytic leukemia in patients for
whom at least one prior chemotherapy regimen has
failed. J Clin Oncol 20:205–213, 2002.

25. Dearden CE, Matutes E, Cazin B, et al.: High remission
rate in T-cell prolymphocytic leukemia with CAMPATH-
1H. Blood 98:1721–1726, 2001.

26. Kennedy B, Rawstron A, Carter C, et al.: CAMPATH-1H
and fludarabine in combination are highly active in
refractory chronic lymphocytic leukemia. Blood 99:
2245–2247, 2002.

27. Rai KR, Byrd JC, Peterson B, et al.: A phase II trial of flu-
darabine followed by alemtuzumab (CAMPATH-1H) in
previously untreated chronic lymphocytic leukemia
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clinical use. Future studies will center on genomics,
and genetic mutations found within cells that affect
cellular signaling pathways. Detailed knowledge of
these pathways will allow for combination regimens
that concurrently target multiple areas in the malig-
nant transformation of a cell. This opens the door for
highly explicit treatment regimens that minimize tox-
icity to healthy cells, while maximizing toxicity to
malignant clones. 
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INTRODUCTION

Blood transfusion support is critical for patients with
hematologic malignancies undergoing aggressive
treatment regimens. Stem cell transplantation, as
well as other chemotherapy treatment protocols for
the hematologic malignancies, is associated with
periods of prolonged pancytopenia, i.e., “iatrogenic
aplastic anemia,”that require the ready availability of
specialized blood transfusion support. Such blood
banking and transfusion medicine expertise is typi-
cally available only in facilities that support the
highly specialized treatment of these complicated
patients. Although the primary treatment of patients
with hematologic malignancies may be performed at
specialized or academic medical centers located away
from the patient’s home, it is often the patient’s local
or community hospital that is called upon to trans-
fuse blood products in specific or emergent situations
after the patient has been discharged home. Although
convenient for the patient, the local hospital may not
be prepared to address complicated transfusion
issues. The need for specialized transfusion support in
the hematologic malignancies often continues well
beyond the patient’s immediate hospitalization and
treatment, and not occasionally for the life of the
patient.

Transfusion of any blood product involves the risk
of an adverse reaction, including disease transmission.
Therefore, it is important that a patient who requires a
transfusion be transfused only when necessary and
only with the specific, indicated blood component.
This chapter will consider important topics related to
blood product transfusion that have relevancy to any
physician who may be called upon to treat patients
with hematologic malignancies. In addition, the issue
of transfusion in palliative care and the hospice setting
will be briefly examined.

RED BLOOD CELL TRANSFUSION

Anemia is a common complication in patients with
hematologic malignancies. The symptoms of anemia
in any given patient can be variable, depending on
several, often independent factors: the hemoglobin
level, the rapidity of the development of the anemia,
the patient’s age, and the presence of underlying dis-
ease.1 In general, red blood cell transfusion is indicated
to relieve or prevent the signs and symptoms of
hypoxemia. Ideally, the decision to transfuse should
be individualized and appropriate for each patient and
his or her disease process.1–3 Anemia is usually not
associated with significant symptoms until the hemo-
globin concentration is less than 7 or 8 g/dL.
Symptoms are also related to the rapidity of the fall in
hemoglobin concentration and the patient’s ability to
maintain a normal blood volume. In general, red cell
transfusion is usually not indicated when the hemo-
globin concentration is �10 g/dL, but it is usually indi-
cated when the hemoglobin concentration is �7
g/dL.1–3

Guidelines for the appropriate use of red cell trans-
fusions have been developed and published by several
physician groups.4-6 Common general principles
include the following: (1) the cause of anemia should
be determined prior to transfusion, if possible, and
appropriate specific or alternative therapy instituted
(e.g., iron for anemia secondary to iron deficiency, vit-
amin B12 for anemia secondary to vitamin B12 defi-
ciency, etc.); (2) clinical judgment for the need for
transfusion should be used rather than a universal or
automatic “trigger” hemoglobin level for transfusion;
(3) a determination and assessment of those symptoms
that are to be alleviated should be made; (4) an assess-
ment of the patient’s intravascular blood volume
should be done and any volume deficiency restored
with crystalloid or colloid solutions; (5) patients with
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underlying cardiovascular or respiratory diseases may
need to maintain a hemoglobin concentration �10 g/dL;
and (6) the risks and benefits of the transfusion should
be discussed with the patient (i.e., informed consent).

Providing compatible red blood cells for transfusion
to patients with cancer who have not undergone stem
cell transplantation is usually not significantly differ-
ent than transfusion for any other patient with ane-
mia. The usual principles of specimen collection,
serum antibody screening, and crossmatching apply.
In general, approximately 3% of all patients transfused
with red cells will form an alloantibody to one or more
of the foreign red cell antigens.7 However, approxi-
mately 25% of alloantibodies will decrease in titer over
time and may no longer be detectable in routine sero-
logical tests.8 If the patient should again be challenged
by the specific foreign antigen, an anamnestic response
and subsequent hemolytic transfusion reaction may
result. Although patients with hematologic malignan-
cies may be immunosuppressed, they may still form
red cell alloantibodies following transfusion.

The patient who has undergone an ABO incompati-
ble hematopoietic stem cell transplantation presents
unique challenges in providing compatible transfusion
support. Approximately 30–40% of patients undergo-
ing an allogeneic hematopoietic stem cell transplanta-
tion will receive an ABO incompatible graft from their
donors.9–11 A major ABO mismatch between the donor
and recipient is present when a foreign ABO antigen is
introduced into the patient. A typical example would
be, a group O recipient receiving a transplant from a
group A, B, or AB donor.9,10 In a major ABO mismatch,
the recipient has preformed circulating anti-A and/or
anti-B isohemagglutinin that could potentially react
with newly introduced ABO antigen on the stem cells
or on contaminating donor red blood cells. The pro-
duction of anti-A and/or anti-B may continue for sev-
eral months following the transplant.9,10,12–14 Red cells
used for transfusion must, therefore, be compatible
with both the donor and the recipient. Group O red
cells can be given to all major ABO-incompatible recip-
ients in order to avoid confusion.

A minor ABO mismatch involves the introduction
of foreign anti-A and/or anti-B isohemagglutinins or
lymphocytes capable of producing anti-A or anti-B
after engraftment.9–11 An example is a group A recipi-
ent who receives group O or B stem cells (or a group B
recipient who receives group O or A stem cells, or a
group AB recipient who receives group O, A, or B donor
stem cells).

Combined major and minor ABO mismatch occurs
when a group A recipient receives group B cells, or
when a group B recipient receives group A stem
cells.9,10 In addition, other antigen mismatches (e.g.,
in the Rh system) may be important in certain clinical
situations.15,16 Passenger lymphocytes from the donor
graft may also produce non-ABO antibodies, with
resulting immune hemolysis.15–17

Major, minor, and combined major and minor ABO
mismatched stem cell transplantation can be associ-
ated with acute or delayed hemolysis following trans-
fusion of donor cells.9,10 Acute hemolysis following a
major ABO mismatched transplantation can generally
be avoided by removing the incompatible red cells prior
to transfusion of the graft. Immune hemolysis compli-
cates approximately 10–15% of minor ABO incompati-
ble stem cell transplants.11 Delayed immune hemolysis
can be seen following minor ABO incompatibility,
when the transplanted passenger lymphocytes recog-
nize the recipient’s A or B antigen as foreign and
actively produce anti-A or anti-B. This scenario is more
likely to occur when the donor is group O and the recip-
ient is group A or B and is characterized by the onset of
immune hemolysis approximately 7–10 days after
transplantation. The risk of immune hemolysis follow-
ing minor ABO incompatibility appears to increase
when the donor is unrelated or when cyclosporin is the
sole agent used to prevent graft-versus-host disease
(GVHD). While the majority of cases of immune hemol-
ysis following minor ABO incompatibility are self-limited
and last for 2 weeks or less, rare cases of severe hemol-
ysis following minor ABO incompatibility have been
fatal.11 As noted above, non-ABO antibodies may also
be produced by passenger lymphocytes and result in
clinically significant immune hemolysis. Guidelines for
blood product selection in the stem cell transplant set-
ting are shown in Table 104.1.

Stem cell transplant patients can also suffer acute or
delayed hemolytic transfusion reactions secondary to
the usual causes for this adverse reaction (e.g.,
misidentification of blood crossmatching specimens,
patient identification errors, laboratory testing errors,
etc.) and it should not be assumed that hemolysis is
simply secondary to the engraftment of an ABO mis-
matched bone marrow.10 Other causes for hemolysis,
such as thrombotic thrombocytopenic purpura (TTP),
can also complicate the clinical course of patients with
hematologic malignancy or stem cell transplantation.

PLATELET TRANSFUSION

As early as 1910, platelet transfusions were shown to
have a beneficial effect in bleeding patients.18 In the
1960s, the development of plastic blood collection and
storage bags allowed the ready concentration and stor-
age of platelets. In 1964, investigators at the National
Cancer Institute reported the efficacy of platelet trans-
fusions in patients undergoing therapy for leukemia.18

Thrombocytopenia or decreased platelet function
are common complications in patients with hemato-
logic malignancies. Patients with decreased platelet
number or function are at increased risk for hemor-
rhage. The normal lifespan of a platelet is approxi-
mately 9.5–10.5 days and approximately 4–5 days for
the transfused platelet.10,19,20 The splenic pool accounts
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for approximately 30–35% of the total body platelet
mass.19,20 However, platelet lifespan decreases with
increasing thrombocytopenia.21 A number of condi-
tions in the patient with hematologic malignancy can
potentially alter platelet numbers or function and
can be associated with hemorrhage (Table 104.2).
Platelets are generally indicated in bleeding patients
with thrombocytopenia and/or platelet dysfunction.
Platelet transfusion is generally not indicated in platelet-
consumptive states (e.g., ITP or TTP) unless life-
threatening bleeding is present.19,21–23

Assuming a steady-state condition, there is a fairly
direct linear relationship between the platelet count
and the bleeding time as the platelet count decreases
below 100,000/	L.21 Serious spontaneous hemorrhage
usually does not occur until the platelet count falls
below 10,000/	L, and this threshold is used by many
physicians for the prophylactic administration of
platelets.24,25 Indeed, otherwise stable thrombocy-
topenic patients can probably tolerate platelets counts
in the 5000–10,000/	L range.22,23 A higher platelet
transfusion “trigger” may be considered in those
patients with underlying complications of fever or
infection, other coagulation defects (e.g., hypofibrino-
genemia), intracranial pathology, or other conditions
that affect platelet function or number.19,22,23 Higher
platelet counts are also warranted in those thrombocy-
topenic patients undergoing invasive procedures or

surgery. A platelet count of 50,000/	L is generally felt
to be adequate for many surgeries, and a count in the
30,000–40,000/	L range is probably adequate for nee-
dle biopsies.19–23,26 However, only minimal evidence-
based data is available as to what constitutes an opti-
mal platelet count for various invasive procedures. 

Platelet components for transfusion are prepared by
two primary methods: platelet concentrates (random
platelets) or platelets pheresis (apheresis platelets).10,27

A single platelet concentrate is the unit of platelets
obtained from an individual unit of randomly donated
whole blood. A platelet concentrate contains at least
5.5 � 1010 platelets suspended in 40–70 mL of plasma.
The approximate dose for platelet concentrates is 1 unit/
10 kg of patient body weight. Thus, in the adult patient,
the usual transfusable dose would be 4–6 units pooled as
a single unit. As each platelet concentrate in a pooled
product comes from an individual donor, each pooled
transfusion exposes the recipient to that number of
donors. Although the risk of transfusion-transmitted
infection bears some relationship to the number of
donor exposures, the increasing efficacy of donor
screening and testing has decreased concerns in this
area. Apheresis platelets are collected using cell sepa-
rator technology, and 1 unit of apheresis platelets con-
tains �3.0 � 1011 platelets suspended in 100–500 mL of
plasma. Thus, in the adult patient, a unit of apheresis
platelets contains one transfusable dose of platelets.
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Table 104.1 Transfusion support for patients undergoing ABO-mismatched allogeneic HPC transplanation10

Phase I Phase II Phase III

First Next 
Mismatch All choice choice All 

Recipient Donor type components RBCs platelets plateletsa FFP components

A O Minor Recipient O A AB; B; O A, AB Donor

B O Minor Recipient O B AB; A; O B, AB Donor

AB O Minor Recipient O AB A; B; O AB Donor

AB A Minor Recipient A AB A; B; O AB Donor

AB B Minor Recipient B AB B; A; O AB Donor

O A Major Recipient O A AB; B; O A, AB Donor

O B Major Recipient O B AB; A; O B, AB Donor

O AB Major Recipient O AB A; B; O AB Donor

A AB Major Recipient A AB A; B; O AB Donor

B AB Major Recipient B AB B; A; O AB Donor

A B Minor & major Recipient O AB A; B; O AB Donor

B A Minor & major Recipient O AB B; A; O AB Donor

aPlatelet concentrates should be selected in the order presented.10

HPC 
 hematopoietic progenitor (stem) cell; Phase I 
 from the time when the patient/recipient is prepared for HPC transplantation;
Phase II 
 from the initiation of myeloablativle therapy until (1) for RBC – DAT is negative and antidonor isohemagglutinins are no longer
detectable (i.e., the reverse typing is donor type) and (2) for FFPs – recipients erythrocytes are no longer detectable (i.e., the forward typing
is consistent with donor’s ABO group); Phase III 
 after the forward and reverse type of the patient are consistent with donor’s ABO group.
Beginning from Phase I all cellular components should be irradiated and leukocyte reduced. (From Ref 10, used with permission.)



Both preparations of platelets are stored at room
temperature (20–24�C) for up to 5 days after collection.
Room temperature storage has been shown to be con-
ducive to the potential growth of contaminating bac-
teria and this complication has prompted blood banks
to recently institute bacterial surveillance systems for
platelets.28 Transfusion-transmitted bacterial infection
should be considered in any patient who develops
fever during a platelet transfusion, and appropriate
cultures from the platelet product and the patient
should be obtained.29 Novel platelet products, such as
frozen platelets, cold-stored liquid platelets, and
lyophilized platelets are in various stages of research
and development.30

The response to platelet transfusion will depend on
the patient’s clinical status and can be assessed by (1)
whether or not bleeding stops following transfusion
and/or (2) measuring the posttransfusion platelet incre-
ment 10–60 min after transfusion. The corrected count
increment (CCI) is one accurate measure of patient
response to platelet transfusion.10,20,26 The CCI is calcu-
lated as follows:

CCI 
 (posttransfusion count [	L] –
pretransfusion count [	L]) � BSA(m2)/
(platelets transfused (�1011)),

where BSA is the patient’s body surface area (m2). The
CCI is generally �7500 at 10-60 min after transfusion
and �4500 at 24 h. The predicted platelet count incre-
ment (PPCI) and the percent platelet recovery (PPR) are
also measures that have been used to evaluate the
expected response to platelet transfusion.10,20,21,26

Others have more simply defined a poor response to
prophylactic platelet transfusion as a failure to increase
the platelet count above the “trigger” count prior to the
transfusion.22,23

Platelet refractoriness is defined as the repeated
failure (two or more times) to achieve a satisfactory
response to platelet transfusions.22,23 Some authors have
used two consecutive failures to achieve a satisfactory
response as indicative of refractoriness, while others
have used two to three failures (not necessarily consec-
utive) over a 2-week period. A number of immune and
nonimmune factors can contribute to decreased platelet
increments following transfusions (Table 104.2).19,22,23,31

The primary immune cause of platelet refractoriness is
HLA alloimmunization, but its incidence has declined in
recent years primarily due to the recognition that leuko-
cyte reduction of blood components helps to prevent
HLA alloimmunization. Nonimmune causes of platelet
refractoriness, such as infection and splenomegaly, are
important reasons associated with decreased platelet
survival following transfusion. The Trial to Reduce
Alloimmunization to Platelets (TRAP) Study Group
found that for patients with AML, the incidence of HLA
alloimmunization was 33% in those who had never
been pregnant and 62% in those who had been preg-
nant.32 In patients who received leukocyte-reduced
blood components, the incidence of HLA alloimmuniza-
tion was 9% and 32%, respectively.32

The management of patients refractory to platelet
transfusion can present many challenges.26 Platelets
expressing HLA class I antigens and antibodies to
these antigens is one of the primary causes of immune-
mediated platelet refractoriness. While HLA matching
between the donor and the recipient has been the tradi-
tional approach to selecting platelets for alloimmunized
patients, other methods, such as platelet crossmatching,
have shown efficacy.26 Blood centers or blood banks
that have established standardized platelet crossmatch
techniques and procedures can often supply compatible
apheresis platelets from their inventory in relatively
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Table 104.2 Causes of thrombocytopenia and 
hemorrhage in patients with hematologic malignancies

Decreased platelet production
Bone marrow injury or failure

Chemotherapy/drugs
Radiation
Infection
Infiltration by carcinoma, leukemia, or lymphoma
Marrow fibrosis
Aplastic anemia
Hereditary quantitative disorders (e.g., May–Hegglin 
anomaly, Wiskott–Aldrich syndrome)

Nutritional deficiencies
Vitamin B12 deficiency
Folic acid deficiency
Iron deficiency

Accelerated platelet destruction
Immune causes

Autoantibody
Immune/idiopathic thrombocytopenic purpura (ITP)
Drug-related (e.g., quinidine, heparin)

Alloantibody
Anti-HLA antibodies
Anti-platelet antibodies
Post-ransfusion purpura (PTP)

Nonimmune causes
Disseminated intravascular coagulopathy (DIC)
Thrombotic thrombocytopenic purpura (TTP)
Hemolytic-uremic Syndrome (HUS)
Hemorrhage
Infection

Impaired platelet function
Hereditary qualitative disorders (e.g., von Willebrand 
disease, Bernard—Soulier syndrome, Gray platelet 
syndrome)
Paraproteinemia (e.g., marcroglobulinemia, multiple
myeloma)
Hepatic and/or renal failure

Drugs
Disordered platelet distribution
Splenomegaly
Massive transfusion



short periods of time. As blood group A and B anti-
gens are also expressed on platelets, ABO matching of
platelets should also be considered in the patient who
is refractory.26,33–35 In addition, anecdotal experience
supports a trial of random, pooled platelet concentrates
for the patient who has been receiving only apheresis
platelets. A random mix of HLA types in a pooled
platelet concentrate might “bypass” the patient’s HLA
antibodies. Other approaches to platelet refractoriness,
such as the use of intravenous immunoglobulin (IVIG),
intravenous Rh-immune globulin, or continuous platelet
drips have not been supported by controlled studies.26

While there is no definitive or standardized approach

to managing platelet refractoriness, our approach is
presented in Figure 104.1.

SPECIALIZED BLOOD COMPONENTS

LEUKOCYTE-REDUCED BLOOD COMPONENTS
There are three main indications for using red blood
cell and platelet components that are leukocyte-
reduced: (1) to decrease or prevent the occurrence of
febrile, nonhemolytic transfusion reactions, (2) to
reduce the incidence of HLA alloimmunization, and (3)
to prevent or reduce the risk of transfusion-transmitted
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Documented poor response to platelet transfusions

■ Try random, pooled platelets if patient received only apheresis
platelets; and/or,

■ Try ABO-matched apheresis or pooled platelets; or,
■ Perform HLA antibody screen; and/or,
■ Perform platelet crossmatch test.

HLA antibodies present and/or
platelet crossmatch positive

Select best match based on local protocol or approach

Good response Poor response

Continue present approach Consider:
■ Platelet specific (HPA) antibodies
■ Heparin-induced thrombocytopenia (HIT)
■ Other Immune and Non-immune causes for

platelet consumption

Consider trial of HLA-matched
platelets and/or crossmatch 
compatible platelets

No HLA antibodies present and/or
platelet crossmatch negative

Figure 104.1 Algorithm for evaluation of platelet refractoriness



cytomegalovirus (TT-CMV) infection.22,23 Other clini-
cal uses of leukocyte-reduced blood components, such
as reducing transfusion-related immunomodulation,
or reducing other transfusion-transmitted infections
(e.g., EBV, HHV-8, HTLV-I/II, etc.), should be considered
experimental until additional studies are performed.
Leukocyte reduction has not been shown to prevent
transfusion-associated GVHD (TA-GVHD; see below).36,37

A unit of whole blood contains approximately
�1–10 � 109 white blood cells.10 Leukocyte reduction
can be performed during or shortly after collection
(prestorage leukocyte reduction), in the laboratory
prior to issuing of the blood component (poststorage
leukocyte reduction), or at the bedside. The first two
methods are preferable, as bedside leukocyte reduction
lacks proper quality control measures to achieve uni-
form leukocyte reduction.38 Red blood cells and
platelets (pooled platelets and apheresis platelets) are
considered to be leukocyte-reduced if the residual
leukocyte count is �5 � 106. In addition to the use of
specialized filters to achieve leukocyte reduction,
apheresis platelets can also be considered leukocyte-
reduced if the residual leukocyte count is �5 � 106 at
the time of collection.

Some blood centers in the United States, as well as a
number of countries, have promoted and instituted
universal leukocyte reduction of all blood components
for all patients.

Leukocyte reduction for febrile, nonhemolytic
transfusion reactions
Febrile, nonhemolytic (FNH) transfusion reaction is
one of the most frequent adverse reactions related to
transfusion.39 In addition to a rise in temperature
(�1�C), FNH transfusion reactions can be associated
with chills, rigors, headaches, nausea, and/or vomit-
ing.39 Symptoms typically appear during the transfu-
sion, but may not manifest until 1–2 h later. Usually,
FNH transfusion reactions are not life-threatening, but
can be associated with increased patient discomfort
requiring the administration of additional medications.
In addition, fever can also be a manifestation of more
severe transfusion reactions (e.g., hemolytic transfu-
sion reactions or bacterial contamination).

Leukocyte reduction for the prevention of FNH reac-
tions is more effective in the case of red blood cell trans-
fusions and less effective for platelet transfusions.39–42

FNH transfusion reactions can have multiple causes
related to both recipient and donor factors, but in the
case of platelets, the release of inflammatory cytokines
by leukocytes during storage probably accounts for the
majority of reactions. Prestorage leukocyte reduction
helps to further decrease the incidence of platelet-
related FNH reactions by decreasing the passive accu-
mulation of cytokines released by white cells. IL-1� is
one of the primary cytokines felt to be responsible for
FNH reactions following platelet transfusion. TNF�, IL-
6, and IL-8 have also been shown to accumulate in

plasma during platelet storage, but the role played by
these cytokines in contributing to FNH reactions is
unclear.39,43

There is suggestive evidence that some severe
hypotensive reactions following the transfusion of
leukocyte-reduced blood components may be related
to the infusion of bradykinin.39,43 It is speculated that
bradykinin is generated during the filtration process
when certain leukocyte-depletion filters are used.
These hypotensive reactions may be enhanced if the
recipient, or the donor, is taking angiotensin convert-
ing enzyme (ACE) inhibitor medications.39,43

HLA alloimmunization and leukocyte reduction
A number of studies have been performed that demon-
strate the efficacy of leukocyte reduction to prevent
HLA alloimmunization.32,44-48 As platelets have HLA
class I antigens, leukocyte reduction has been shown to
decrease the incidence of refractoriness to platelet trans-
fusion (see above). There does not appear to be any sig-
nificant effect of leukocyte reduction on the incidence
of platelet refractoriness secondary to platelet-specific
antibody. All patients who are potential candidates for
stem cell transplantation should receive leukocyte-
reduced blood transfusions to minimize the formation
of HLA antibodies. In our institution, as in many others,
all patients with hematologic and solid tumor malig-
nancies routinely receive leukocyte-reduced blood
products from the time of initial diagnosis.

CMV “safe” blood components 
and leukocyte reduction
Transfusion-transmitted CMV (TT-CMV) infection was
first described in 1966. The incidence of CMV seroposi-
tivity in the blood donor population ranges from 60%
to 80% or higher, depending on the geographic area.
Prior to the advent of current leukocyte-reduction filters,
providing CMV “safe” blood products required the
collection of blood from CMV-seronegative blood
donors. However, despite seronegativity, some donors
may still be able to transmit CMV (approximately 4% of
seronegative blood products are associated with a risk of
TT-CMV), and maintaining a separate inventory of CMV-
seronegative blood is problematical.49,50 Some blood
centers no longer routinely test blood donors for CMV.

Following primary infection, CMV remains latent
in various white blood cell populations, but periodic
viral shedding and/or reactivation of infection may
occur. Sites of latency include CD34� hematopoietic
progenitor (stem) cells, CD33� progenitor cells,
monocytes (macrophages), and probably granulocytes.
Monocytes appear to be one of the primary sites of
CMV latency.50–53 In healthy, CMV-seropositive blood
donors, approximately 0.004–0.12% of peripheral
blood mononuclear cells are latently infected.52 Over
the years, a growing number of studies have demon-
strated the efficacy of leukocyte reduction in making
blood components CMV “safe” for the prevention of
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TT-CMV in hematologic and stem cell transplant
patients.51–60 However, some studies question the effi-
cacy of leukocyte reduction in preventing TT-CMV.61

Improved methods to monitor and detect CMV antigen-
emia and infection in the immunosuppressed patient
have led to early detection and treatment of infec-
tion.62,63 In addition, emerging data indicates that
other factors, such as the seropositive stem cell trans-
plant recipient, the degree of immunosuppression, and
the stage of acute GVHD put the recipient at greater
risk for CMV infection/disease because of reactivation
of latent virus, rather than through the acquisition of
new infection through blood transfusion.64–66

While specific data is lacking, a number of institu-
tions have used leukocyte reduction as the sole
method for providing CMV-safe blood components.
The only cellular blood component that cannot be
leukocyte-reduced is granulocytes. If CMV status of the
donor is important in those rare instances when gran-
ulocyte transfusions are considered for the infected
patient with a hematologic malignancy,  consideration
should be given to test the donor for CMV (see below).

IRRADIATION OF BLOOD COMPONENTS
TA-GVHD is a rare, potentially lethal disorder caused
by the engraftment and proliferation of donor lym-
phocytes in the transfusion recipient.36,67 Viable donor
lymphocytes in the transfused blood component rec-
ognize the HLA antigens of the recipient and mount
an immune response. TA-GVHD was first reported
almost four decades ago and, to date, over 200 cases of
TA-GVHD have been reported. The true incidence is
unknown, as it is thought that many patients with TA-
GVHD go unrecognized and additional cases are
underreported, but it is estimated that TA-GVHD
occurs in 0.1–1.0% of patients with hematologic malig-
nancies.67,68 While TA-GVHD occurs more commonly
in immunocomprised patients, numerous cases have
occurred in immunocompetent patients.

TA-GVHD can be prevented by gamma irradiation
of blood components prior to transfusion. The stan-
dard dose of irradiation is 2500 cGy (25 Gy or 2500
rad) targeted to the central portion of the container,
and a minimum of 1500 cGy targeted to all other areas
of the component. The maximum dose should not
exceed 5000 cGy.67,68 The only indication for the irra-
diation of blood is to prevent TA-GVHD. Those at risk
for TA-GVHD are still being defined, but most authori-
ties would agree that the patient groups listed in Table
104.3 should receive irradiated blood components.67–70

Some hospitals have opted to simply irradiate their
entire blood supply in order to avoid this complication
of transfusion. 

All cellular blood products have been implicated in
causing TA-GVHD. The clinical presentation of TA-
GVHD generally includes fever, rash, diarrhea, and evi-
dence of liver dysfunction.67,68 Fever is often the pre-
senting sign and may occur as early as 4 days

posttransfusion. Pancytopenia (particularly leukope-
nia and thrombocytopenia) develops late in the course
(median 16 days).67,68 Infection or hemorrhage are the
most common causes of death, occurring within 3
weeks of onset.67,68 Treatment is rarely effective, and
the mortality rate is �90%.67,68 In our institution, as in
many others, patients with hematologic malignancies,
as well as those who have undergone stem cell trans-
plantation, routinely receive irradiated blood products
from the time of initial diagnosis.

WASHED AND VOLUME-REDUCED 
BLOOD COMPONENTS
The typical unit of red blood cells for transfusion is
already volume-reduced (i.e., low volume or “packed”).
Platelets can also be volume-reduced prior to transfusion
if there is a clinical need to limit the patient’s intake of
fluids.10

The washing of red cells and platelets is typically
performed with 0.9% sodium chloride (normal saline).
Washing effectively removes most of the plasma in the
unit of red cells or platelets. Limiting a patient’s expo-
sure to donor plasma may be indicated for the recipi-
ent who is IgA-deficient and in whom there is concern
about exposure to IgA-containing plasma, or if the
plasma contains a specific protein or antibody that
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Table 104.3 Patients at risk for TA-GVHD who should
receive irradiated blood products67–70

Significant risk
Patients undergoing hematopoietic stem cell 
transplantation (allogeneic or autologous)
Recipients of a stem cell transplant (allogeneic or 
autologous)
Congenital immunodeficiency syndromes
Intrauterine transfusions
Exchange transfusions in neonates
Patients receiving HLA-matched platelet transfusions or 
donors known to be haplotype-homozygous
Patients with Hodgkin’s lymphoma
Transfusions from biologic (blood) relatives
Chronic lymphocytic leukemia treated with highly 
immunosuppressive purine analogues (e.g., fludarabine)

Possible/probable risk
Other hematologic malignancies (e.g., acute leukemia, 
non-Hodgkin’s lymphoma)
Immunosuppressed patients with solid tumors receiving 
immunosuppressive and myeloblative thrapy 
(e.g., neuroblastoma, rhabdomyosarcoma, glioblastoma,
immunoblastic sarcoma)
Immunosuppressed solid organ transplant recipients
Premature neonates
Recipient-donor pairs from genetically homogeneous 
populations (e.g., Japan)

No defined risk
Patients with acquired immunodeficiency syndrome (AIDS)
Full-term, healthy neonates
Patients receiving immunosuppressive medications
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might be detrimental to the recipient.71,72 A patient
known to have anaphylactic/anaphylactoid reactions to
allogeneic plasma may also be a candidate for washed
blood components.71,72 In the case of red blood cells, if
there are clinical concerns about the recipient receiving
potassium, washing may also be indicated to remove
potassium that has accumulated in the plasma during
storage or following irradiation. Both red cells and
platelets are typically lost during the washing process.
Washing is not effective in removing infectious agents,
and thus does not decrease the potential for transfu-
sion-transmitted infection. Washing is also not effective
in removing significant numbers of white blood cells
(i.e., for rendering a component leukocyte-reduced).10

GRANULOCYTE TRANSFUSION

Infection remains one of the leading causes of death in
the hematologic malignancies, and the transfusion of
granulocytes to the neutropenic, infected patient has
been attempted with varying levels of success as a ther-
apeutic adjunct.73–77 Typically, granulocytes are col-
lected from normal donors by apheresis techniques
using hydroxyethyl starch (HES) following corticos-
teroid administration.10,73,74 Corticosteroid adminis-
tration to the normal donor enhances the number of
granulocytes collected, and HES is a red cell sediment-
ing agent that promotes separation of the granuloctyes
from contaminating red cells during collection. The
final product should contain at least 1 � 1010 granulo-
cytes.10 Granulocytes should be maintained at
20–24�C without agitation, and must be transfused
within 24 h of collection. Once initiated, a course of
granulocyte transfusion therapy should be continued
at least daily for 4–5 days. Granulocytes should be
administered through a standard blood infusion set,
but leukocyte-reduction filters are contraindicated. If a
CMV-safe granulocyte product is desired then the
donor’s CMV status must be determined, although the
importance of testing the donor for CMV has been
questioned by some.78,79 Granulocytes contain signifi-
cant amounts of contaminating red blood cells and
should thus be ABO and Rh compatible with the recip-
ient. If the recipient also has red cell alloantibodies,
then the donor’s red cells should be negative for the
corresponding antigen(s). If necessary, granulocytes
can be irradiated prior to administration.

The indications for granulocyte transfusion typically
include patients who have (1) a polymorphonuclear
leukocyte (PMN) count �500/	L, (2) a documented
infection, and (3) are unresponsive to antibiotic ther-
apy (generally for at least 48 h).73,74,77 It is also expected
that the patient, and his or her bone marrow, will
recover once the infection is controlled. Most patients
will experience FNH transfusion reactions during or
following granuolocyte transfusion. In addition, a sig-
nificant percentage of recipients will develop

antileukocyte antibodies following repeated granulo-
cyte transfusions. Pulmonary reactions (e.g., infiltrates,
hypoxia, or dyspnea) are also commonly seen after
granulocyte transfusions.73,74,77 These reactions can
often be treated symptomatically, but more severe
adverse reactions, such as transfusion-related acute
lung injury (TRALI), can also be seen.80 Although not
commonly reported following granulocyte transfusion,
TRALI can cause significant morbidity and mortality.
The administration of amphotericin B in close proxim-
ity to granulocyte transfusions has been reported to
cause pulmonary reactions.73,77 This has been disputed
but, when feasible, separating the administration of
both by several hours seems prudent.

The prophylactic use of granulocytes has not been
supported by most randomized studies in the litera-
ture.73–77 In addition, not all types of infection respond
equally to a course of granulocyte transfusion therapy.
For example, fungal infections appear to be less respon-
sive than bacterial infections.73–77 Because of the con-
flicting data on efficacy, the use of granulocytes has
decreased over the years. More recent studies have
focused on the number of granulocytes collected from
donors. With the ready availability of granulocyte
colony-stimulating factor (G-CSF), increased interest
has been directed towards using G-CSF, with or without
concurrent dexamethasone administration, to stimu-
late the formation and collection of larger numbers of
PMNs in donors.81-83 Several studies have demonstrated
the feasibility of collecting large numbers of PMN’s
from normal donors, but the efficacy of granulocytes
collected in this manner remains to be proven.84 In
addition, the side effects associated with G-CSF admin-
istration has raised ethical concerns of its usage in oth-
erwise healthy donors.85 The use of G-CSF in normal
donors should only be performed as part of formal
research protocols, and a national donor registry should
be established to collect safety and efficacy data.85

TRANSFUSION IN PALLIATIVE CARE

There are relatively few studies related to transfusion
therapy in the palliative care and hospice settings,
although anemia and its associated symptoms may be
evident in these patients. Although bleeding may be an
indication for transfusion, the relief of symptoms related
to anemia, such as weakness or shortness of breath, are
probably more common in this setting.86 Fatigue and
mood disturbances are common in patients with
advanced cancer.87 Anemia, and related nutritional defi-
ciencies (e.g., iron deficiency), have been shown to be
contributory factors to causing fatigue, impaired cogni-
tive function, poor concentration, memory problems,
and other related symptoms.87–91 Transfusion, with or
without erythropoietin, can be considered for these
quality of life issues for patients in the terminal stages of
cancer, rather than for any possible prolongation of life



when, quality may not be significantly altered.92–94

Transfusions can be administered in the patient’s home
as well as in conventional care settings; however, home
transfusion therapy requires greater commitment and
communication between care givers in order to provide
safe and efficient transfusion therapy.95–98 Home transfu-
sion therapy, and transfusion in the hospice setting, has
been well-received by those patients unable or unwilling
to travel to the hospital or infusion unit.99–101 If pallia-
tive care initiatives for adult and pediatric patients are to
be performed in the home, then transfusion therapy
should be given consideration in this setting. Adverse
reactions to transfusions should be handled with the
same due diligence as in any other conventional care
setting in order to guard against and prevent any
increased morbidity and mortality.97-101

SUMMARY

The use of specialized blood products in patients with
hematologic malignancies is an important part of the
therapeutic and supportive care of these patients.
While the indications for red cell transfusion are essen-
tially the same for any patient who has anemia,
platelets and other specialized components have
unique requirements in this group of patients. The
ready availability of leukocyte-reduced and/or irradi-
ated blood components are essential elements for opti-
mal patient care. Close cooperation and consultation
between the treating physicians and the transfusion
service are critical, as these patients can present many
transfusion-related challenges. Transfusion medicine
specialists should be readily available for consultation.
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HEMATOPOIETIC GROWTH FACTORS 

Over the preceding decades, a variety of hematopoietic
growth factors—glycoproteins by their chemical struc-
ture—have been identified. Following purification,
cloning, and manufacturing of recombinant forms of
these glycoproteins, their potential use in clinical
practice has been tested extensively. Native growth
factors and their recombinant derivatives target
cytokine type receptors and facilitate growth and dif-
ferentiation of multilineage and late-stage cell types.

Two groups of myeloid growth factors currently
available for clinical use are recombinant human
granulocyte colony-stimulating factor (G-CSF) and
granulocyte-macrophage colony-stimulating factor
(GM-CSF). These factors differ in their specific roles as
well as in their hematopoietic targets. G-CSF stimu-
lates cells of multilineage potential and enhances late-
stage differentiation of neutrophils. GM-CSF also
effects multilineage proliferation and acts synergisti-
cally with G-CSF in its effect on neutrophils. In addi-
tion, it supports development of mixed neutrophil,
eosinophil, and macrophage colonies.1,2 Two recombi-
nant G-CSF products are currently in the market:
lenograstim—expressed in yeast—is available outside
the United States, while filgrastim—expressed in
Escherichia coli—is in use within the United States.
Recently, a pegylated version of filgrastim, character-
ized by a much-prolonged half-life, has been success-
fully tested and approved as a potential alternative to
filgrastim. Out of the two GM-CSF preparations in use,
sargramostim is expressed in yeast, while molgramostim
is bacteria-derived. Sargramostim is in clinical use in
the United States.

Recombinant human erythropoietin is the primary
regulatory growth factor of erythropoiesis. Erythropoi-
etin is responsible for the differentiating and matura-
tion process in later phases of red cell development.
Epoetin alpha and its glycosylated modified form dar-
bepoetin alpha (with a resulting longer half-life) are
clinically used in the United States, while epoetin beta
is used elsewhere.3–5

The primary regulator of thrombopoiesis is throm-
bopoietin. While this glycoprotein does have an effect
on multilineage progenitors, there is substantial
homology between this growth factor and erythropoi-
etin, e.g., it is unique by its functional ability in stimu-
lating megakaryocyte progenitor colony growth and
differentiation. Lack of expression of the receptor for
this growth factor will result in substantially reduced
thrombocyte counts, but, albeit in reduced number,
functional platelets will still be present, suggesting
that other factors might play a role in the growth, dif-
ferentiation, and maturation of the megakaryocyte lin-
eage. Recombinant thrombopoietin will lead to an
increase in megakaryocyte and platelet counts, but,
due to its relatively late onset of effects (10–14 days),
and pending further evaluation of safety of specific
recombinant thrombopoietin products following
administration, identification of its potential clinical
benefits await validation in future clinical trials.6,7

Platelet release is also facilitated by interleukin-11
(IL-11), possibly through a synergistic effect with other
cytokines, including thrombopoietin. IL-11 is associ-
ated with a number of side effects, and its role as well
as the appropriate dosing in hematologic malignancies
has yet to be established adequately.8,9

GENERAL INDICATIONS FOR PRESCRIBING
GROWTH FACTORS 

NEUTROPENIA
The most significant risk from severe and/or prolonged
myelosuppression is febrile neutropenia. Majority of
patients with leukemias, myelodysplasias, and advanced
stages of lymphomas and myeloma are already immuno-
compromised; hence, they are at high risk for develop-
ing febrile neutropenias.

PRIMARY PROPHYLAXIS
This term describes the application of growth factors
for the purpose of preventing febrile neutropenia in
untreated patients. According to guidelines developed
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by the American Society of Clinical Oncology
(ASCO),10 such prophylaxis is warranted in the setting
of treating high-risk patients with chemotherpy regi-
mens associated with at least a 20% likelihood of
febrile neutropenia. Most patients in need of intense
combination of chemotherapy for newly diagnosed or
relapsed leukemia or lymphoma are at high risk for
febrile neutropenic complications, either because of
disease-related cytopenia, age, poor performance-
status, immune-deficiency, or due to myelosuppres-
sion caused by therapy. Most patients suffering from
hematologic malignancies should be considered can-
didates for growth factor support even under the cur-
rent guidelines, based on conclusions from randomized
or well-conducted controlled studies in virtually every
disease category and with differing treatment modali-
ties. Debate, however, exists about the use of primary
prophylaxis growth factor support in patients with
acute myeloid leukemia or advanced myelodysplastic
syndrome.

SECONDARY PROPHYLAXIS
In patients who have experienced febrile neutropenia
following chemotherapy, chances of a repeat inci-
dence can be avoided by either dose reduction, delay
in treatment, or by administration of growth factors.
While not all patients who have developed febrile
neutropenia with the first cycle of chemotherapy will
develop it during subsequent cycles, appropriate
actions are needed to avoid potentially fatal future
episodes. Recent data with dose-dense, growth factor-
supported regimens in patients with malignant lym-
phomas suggest that prescribing the full planned
dose without delay translates into clinical benefits.
While dose-dense/intense chemotherapy mandates
the use of growth factors, considering that timely
administration of chemotherapy is of therapeutic
importance, administration of growth factors in gen-
eral is an important ancillary tool and should be pre-
ferred to the strategy of dose adjustment or delay of
therapy.11

ANEMIA
Patients with hematologic malignancies frequently
present with anemia and are likely to face worsening
of this condition while undergoing induction ther-
apy, as well as repetitive consolidation, or mainte-
nance therapy. While acute reversal of anemias still
requires blood transfusions, epoetin alpha and beta
are now available to treat both disease and treat-
ment-related anemias. Current guidelines developed
by ASCO recommend use of erythropoietin for
patients with a hemoglobin of less than 10 g/dL in
the setting of treated or untreated myelodysplasia.
Either treatment-related or disease-associated anemia
can also be alleviated by the judicious use of erythro-
poietin.4

THROMBOCYTOPENIA
Hematologic malignancies frequently present with
symptoms due to absolute and/or functional thrombo-
cytopenia. Currently, platelet transfusion remains the
only proven method leading to rapid rise in platelet
counts. The exact role and optimal dosing of the only
approved platelet-lineage specific agent, IL-11, either
in the prevention of the need for platelet transfusion
or as a facilitator of platelet recovery, is unclear.8,9

Advanced clinical studies of thrombopoietin-like
agents in patients with autoimmune thrombocytope-
nia are in progress .

GROWTH FACTORS IN SPECIFIC 
HEMATOLOGIC DISEASES

ACUTE MYELOID LEUKEMIA
The majority of patients undergoing remission induc-
tion and subsequent postremission therapy for acute
myeloid leukemias will suffer from neutropenic fever.
Given that their general health is frequently compro-
mised by the time the diagnosis is made, whenever
such patients develop this complication, prolonged
hospitalization and antibiotic therapy are the likely
consequences. Bacterial and fungal infections are sig-
nificant causes for morbidity and mortality following
administration of intensive induction or consolidation
chemotherapy. Concerns over the routine use of
growth factors have been based on the theoretical pos-
sibility that such factors may stimulate growth of
clonogenic leukemia cells. Additionally, by enhancing
proliferation and rendering the nonclonal, healthy
hematopoietic progenitors prime targets to cytotoxic
agents, prolonged cytopenia could become an unin-
tended result.

Over the past decade, several randomized, placebo-
controlled trials of growth factor administration after
induction chemotherapy, generally in older patients
with newly diagnosed acute myeloid leukemia,
demonstrated a significant reduction, by 2–6 days, 
in the time period required to reach an absolute
neutrophil count more than 0.5 � 109/L. Similarly,
duration of antibiotic use and hospitalization were sig-
nificantly reduced in many studies. When growth fac-
tors were prescribed within 1–3 days from completion
of remission induction therapy, neither the time of
initiating them, nor the degree of marrow suppression
seemed to have an effect on outcome.12–23 The concept
of priming leukemia cells is based on the assumption
that changes in the cell cycle may increase sensitivity
to specific agents used for remission induction, specif-
ically to Ara C. Several trials prescribed CSF prior to
therapy, but none of them suggested any benefit asso-
ciated with this approach.24,25 One study evaluating
the addition of G-CSF, both with or without all-trans
retinoic acid (ATRA), to chemotherapy revealed an
increased complete response rate but no improvement
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in survival.21 Only two trials demonstrated either
improved disease-free or overall survival.13,19 Similarly,
following consolidation therapy, two studies demon-
strated a significant decrease in the duration of
absolute neutropenia and use of antibiotic therapy,
without any effect on survival.15,20

In general, these trials did not reveal evidence sug-
gesting stimulation of either leukemic growth or drug
resistance, and majority of studies did not reveal ther-
apeutic benefits in terms of complete response rate or
overall survival. There were no studies comparing the
effect of G-CSF to GM-CSF in the setting of postinduc-
tion or postconsolidation support.

CHRONIC MYELOID LEUKEMIA
Grade 3 or 4 neutropenia had been observed in 13%
patients with chronic myelogenous leukemia (CML),
treated on a phase III randomized trial with imatinib.
Imatinib does not affect the Philadelphia chromosome
negative normal hematopoietic progenitors, and while
G-CSF and GM-CSF have been tested without adverse
consequences in a phase II trial of this agent, the stan-
dard recommendation is to withhold and subse-
quently restart the therapy, rather than prescribing
growth factors.26

MYELODYSPLASTIC SYNDROME
GM-CSF and G-CSF increase the neutrophil count 
in patients with severe neutropenia secondary to
myelodysplasia. Both neutrophil and eosinophil counts
increase following administration of GM-CSF.27

Randomized studies demonstrated a decrease in the
duration of neutropenia and improved treatment
response associated with the use of G-CSF in patients
receiving chemotherapy, or subsequent chemothera-
peutic intervention.21,28,29 There was no evidence of
any effect on duration of response or survival,
although in one study higher remission rates and
reduced infection rates allowed consideration of allo-
geneic transplantation in a greater number of patients.29

There was no evidence of transformation to leukemia
in either in these studies, in spite of theoretical risk to
the contrary. However, prolonged administration of 
G-CSF in patients having more than 5% myeloblast
counts is not recommended due to the potential risk of
facilitating disease progression.

The use of erythropoietin is based on a relatively
small, randomized placebo-controlled trial in low risk
(refractory anemia without ring sideroblasts) myelodys-
plasia. A fixed erythropoietin dose of 1050 U/kg per
week led to an increase of hemoglobin by 1–2 g/dL of
hemoglobin in 50% of low-risk patients, versus 6% in
the control group.30 The addition of G-CSF or GM-CSF
to erythropoietin may also have a synergistic effect on
erythropoietic differentiation and response. In at least
one study, administration of both G-CSF and erythro-
poietin was required in order to generate and maintain
an erythrocyte response.31 A predictive model based on

serum epo level and prior transfusion requirements
has been developed to guide the use of combination of
G-CSF and erythropoietin in patients with myelodys-
plasia.32

ACUTE LYMPHOCYTIC LEUKEMIA
The effect of G-CSF both in the setting of remission
induction and consolidation therapy has been tested
in prospective trials, most of which were randomized.
These trials were carried out in adults and children,
both during remission induction and consolidation
therapy. In the larger studies, duration of neutropenia
was shortened by 5–8 days.33–39 At least in one acute
lymphocytic leukemia trial conducted in adults, a
trend toward increased complete response rate was
also observed, but without improvement in survival.33

In general, there was no improvement in relapse-free
or overall survival in any of the randomized trials
using posttreatment G-CSF.

All of these studies demonstrated a decrease in the
duration of neutropenia following the use of growth
factors. The majority of studies also revealed decreased
hospitalization, antibiotic use, and decrease in docu-
mented infections.39

Administration of G-CSF allowed for timely delivery
and intensification of the planned chemotherapy
cycles. Hence, G-CSF is recommended both following
remission induction therapy, and consolidation, with
an expectation to reduce the duration of absolute neu-
tropenia by approximately 1 week, and in order to
allow maintenance of dose intensity.

CHRONIC LYMPHOCYTIC LEUKEMIA
Single-agent therapy does not usually mandate the
use of growth factors in patients treated for chronic
lymphocytic leukemias. More intense attempts of
induction with combination regimens are likely to
generate a higher incidence of grade 3 or 4 neutrope-
nias. While randomized trials are unavailable, in a
recent study administration of FAND (Fludarabine,
Ara C, mitoxantrone, and dexamethasone) resulted in
an incidence of more than 60% grade 3 or 4 absolute
neutropenia. This study suggested that the incidence
of severe neutropenia-associated pneumonias might
have been reduced in patients supported by G-CSF
prophylaxis, in contrast to an earlier cohort of
patients treated on the same study but without
administration of G-CSF.40 One randomized trial that
included patients with chronic lymphocytic leukemia
suggested a benefit in terms of reduced need of red cell
transfusion in patients who were given erythropoi-
etin. General recommendations of erythropoietin use
for the treatment of postchemotherapy anemias,
according to ASCO guidelines, do apply to this cate-
gory of malignancies. Erythropoietin may be benefi-
cial for patients who are receiving supportive care
only. though these guidelines do not address this
specific clinical scenario.41
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LYMPHOMA AND MULTIPLE MYELOMA
Both G-CSF and GM-CSF have been tested in prospec-
tive, randomized trials in patients with lymphomas, in
an effort to reduce morbidity and mortality associated
with infectious complications, and to potentially
improve response rates and therapeutic outcome.
Results of an updated meta-analysis of 12 prospective,
randomized, controlled (placebo or no prophylaxis)
trials have recently been published. The findings sup-
port the use of G-CSF/GM-CSF, especially in older
patients who are receiving treatment for non-Hodgkin’s
lymphoma. In the meta-analysis, the relative risk of
febrile neutropenia (RR 0.74) and infection (0.74) were
both reduced. Other potential study endpoints, such
as antibiotic use, infection-related mortality, and over-
all outcome, were not affected.42

Recently, a pegylated, longer-acting version of 
G-CSF had been tested in a phase II randomized trial
of patients receiving salvage chemotherapy for
refractory non-Hodgkin’s or Hodgkin’s lymphomas.
Chemotherapy consisting of ESHAP (etoposide, cis-
platin, ARA-C and methylprednisolone) was followed
by administration of filgrastim daily single dose of 5
	g/kg versus pegfilgrastim given once 100 	g/kg. The
incidence and duration of grade 4 neutropenias were
similar between the two groups, revealing equivalent
effects of single administration of the pegylated com-
pound versus a median of 11 injections of filgrastim.43

The concept of dose-dense chemotherapy is based
on the assumption that, although rapid reduction of
tumor mass promotes faster tumor regrowth, sensitiv-
ity to the effects of chemotherapy agents may also
increase during such periods.44 Hence, the goal of this
therapeutic strategy is to deliver chemotherapy in the
shortest possible interval. To test this theory, the
German High-Grade Lymphoma Study Group com-
pared six cycles of CHOP (cyclophosphamide, doxoru-
bicin, Vincristine, and prednisone) given either every
21 days, or every 14 days (this latter schedule was sup-
ported with G-CSF). These investigators also attempted
to answer whether the addition of etoposide to CHOP
would result in improved outcome. Based on this 2 �
2 factorial design, two parallel studies (in patients aged
60 or less vs patients aged over 60 years) were carried
out. Patients receiving CHOP every 2 weeks were pre-
scribed G-CSF for 10 days, starting on day 4, based on
the expected high incidence of significant neutrope-
nia. In patients aged over 60 years, complete response
rates were higher (76.1% vs 60.1%) and relative risk
reduction for event-free and overall survival was sig-
nificantly greater (0.66, p 
 0.003; 0.58, p � 0.001) in
those treated on the dose-dense, every 2-week sched-
ule. The addition of etoposide was associated with
increased toxicity and no obvious benefit. Hence, fur-
ther trials to expand and confirm the role of dose-
dense delivery of CHOP are ongoing, and these studies
are also incorporating rituximab into the treatment
arms.11 The ASCO growth factor guidelines regarding

both primary and secondary prophylaxis of neutrope-
nia and, similarly, guidelines regarding chemotherapy-
associated anemia, apply to patients with multiple
myeloma.4,10 Evaluation of epoetin beta in a random-
ized, double-blind, controlled study in transfusion-
dependent patients with multiple myeloma (the study
also included patients with chronic lymphocytic
leukemia and low-grade malignant lymphoma)
revealed that transfusion-free and severe anemia-free
survival were significantly better, with a risk reduction
of 43% and 51%, respectively, in patients receiving
epoietin beta at a dose of 150 IU/kg three times a week
for a period of 16 weeks, versus control. Approximately
2/3 of patients receiving epoietin beta responded, ver-
sus 27% in the placebo group. Quality of life was also
significantly improved and correlated with a rise of 
�2 g/dL of hemoglobin.41

AUTOLOGOUS AND ALLOGENEIC STEM
CELL TRANSPLANTATION

AUTOLOGOUS STEM CELL TRANSPLANTATION 
AND SUBSEQUENT GROWTH FACTOR SUPPORT
Randomized trials of G-CSF versus control following
autologous peripheral blood and stem cell transplanta-
tion have documented a benefit from prescribing 
G-CSF, in terms of decreased duration of neutropenia
and hospitalization. In general, patients treated with
autologous transplantation do experience shortened
periods of neutropenia and reduced duration of hospi-
talization after receiving filgrastim ranging from 5 to 30
	g/kg per day, or two different dose schedules of
lenograstim.45–48 As illustrated by the wide range of pre-
scribed doses of G-CSF and lenograstim, the optimal
dose and timing/duration of administration is still
unclear in the postautologous recovery phase.47 A non-
randomized study suggested a benefit in terms of
decreased duration of hospitalization, neutrophil recov-
ery, and cost savings, when G-CSF was initiated on the
day immediately after peripheral blood progenitor cell
reinfusion, in comparison to starting this therapy 4
days later.49 These findings have not been supported in
other randomized studies regardless of whether admin-
istration of G-CSF began on day 1 versus 7, or 3 versus 5
days after reinfusion of stem cells.50,51

Not all growth factors are created equal: GM-CSF
support following reinfusion of primed peripheral
blood progenitor cells did not result in any benefit in
one placebo-controlled trial.52

Myeloablative therapy will induce severe anemia
necessitating transfusion of virtually all patients
undergoing autologous transplantation. Earlier data
suggested that administration of erythropoietin, when
given both prior to ablative therapy and when
resumed subsequently on day 1, failed to decrease the
number of red blood cell transfusions in comparison
to placebo.53 Recently, the effects of erythropoietin,
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administered at a dose of 500 units/kg per week start-
ing from day 30 after transplantation, to a cohort of
patients treated for malignant lymphoma or myeloma
were assessed. In a retrospective analysis, mean hemo-
globin levels were substantially better: only 2 of 41
patients in the treatment group versus 12 of 45
patients in a previously treated “control” group with-
out erythropoietin support experienced hemoglobin
levels less than 9 g/dL.54 The potential benefit of such
delayed administration, as well as pilot data demon-
strating a protective effect in multiple myeloma
patients in whom erythropoietin is provided prior to
the second phase of a tandem transplant, needs to be
confirmed in a prospective randomized fashion.55 The
effect of erythropoietin has also been evaluated in
patients with lymphomas undergoing intense salvage
therapy followed by consolidation. When epoetin
beta was prescribed at a dose of 10,000 IE thrice a
week during the entire course of two cycles of DHAP
(dexamethasone, ARA-C, and cisplatin), followed by
further intensification and peripheral blood progeni-
tor cell collection and BEAM (carmustine, etoposide,
melphalan, and ARA-C) therapy, the number of red
cell transfusion required (4.5 vs 8.3) and mean hemo-
globin levels during the course of therapy were all
favorably affected by growth factor therapy.5

ALLOGENEIC STEM CELL AND STEM CELL
TRANSPLANTATION FOLLOWED BY GROWTH FACTORS
In the early posttransplant phase, neutropenia-associ-
ated infectious complications are one of the most sig-
nificant treatment-related toxicities. Infusions of
primed peripheral blood progenitor cell and stem cell
transplantations from HLA-matched siblings have
shortened the duration of neutropenia. A benefit in
terms of accelerated neutrophil recovery has been
described in trials involving patients who were recipi-
ents of allogeneic peripheral blood progenitor cells and
growth-factor support (G-CSF).56 In a subsequent ran-
domized trial in T-cell depleted allogeneic blood prog-
enitor recipients treated with or without posttransplan-
tation growth factor support, there was no difference in
the degree of immune reconstitution and no statisti-
cally significant difference in treatment outcome as
measured by relapse, infections, or incidence of chronic
graft versus host disease.57

Use of growth factors following allogeneic stem cell
transplantation is not without side effects. There is a
potential for delay in platelet recovery after using 
GM-CSF in the posttransplantation setting.58 A recent
retrospective analysis suggested that recipients of stem
cell transplantations should not receive G-CSF support
in the immediate posttransplantation period. In the
study, patients with acute myelogenous leukemia (1789
patients transplanted with HLA-matched sibling bone
marrow and 434 patients transplanted with peripheral
blood progenitor cells) were analyzed. Twenty-eight per-
cent of bone marrow recipients and 40% of peripheral

blood progenitor cell recipients received G-CSF during
the first 2 weeks following transplantation.

While neutrophil recovery was faster, platelet
engraftment did take longer, and the incidence of
acute grades II–IV graft versus host disease was also
higher (50% vs 39%, p 
 0.007) in recipients of bone
marrow who also received G-CSF support. The inci-
dence of chronic graft versus host disease, as well as
transplant-related mortality and leukemia-free and
overall survival were also adversely affected. No such
adverse effects were noted in recipients of peripheral
blood progenitor cells regardless of whether they
received growth factor support.59

CONCLUSIONS

Granulocyte growth factors can be given safely both as
primary and secondary prophylaxis to the majority of
patients with hematologic malignancies.

G-CSF administration in acute myeloid and lym-
phoid leukemias, chronic lymphocytic leukemia,
myelodysplasia, lymphomas, and in the postperipheral
blood progenitor phase in all of these disease cate-
gories, and in myeloma, has lead to shortened dura-
tion of myelosuppression and subsequent decrease in
morbidity due to reduction in the incidence of febrile
neutropenias and other infectious complications.
Survival, however, has not been reliably affected.

G-CSF is also indicated and should be prescribed in
the specific situation when dose-dense/intense ther-
apy is of potential benefit to the patient; e.g., when
treating older lymphoma patients on a biweekly
schedule with CHOP. While the optimal timing, dose,
and duration are still not well established in most clin-
ical situations, administration of 5 	g/kg of G-CSF
and, if chosen, 250 	g/kg of GM-CSF are recom-
mended, starting within 1–5 days after completion of
therapy.10 Pegylated G-CSF has been found to be
equally efficacious and safe as G-CSF in the setting of
treating lymphomas with a standard regimen. However,
further evaluation of pegfilgrastim is required to
confirm safety and efficacy during induction and
dose/dense consolidation therapy for leukemias, and
in combination with dose/dense treatment regimens.
Further evaluation is also needed in the pre- and post-
transplantation settings.

Administration of erythropoietin is justified in early
phases of myelodysplasias and during repetitive
administration of chemotherapy cycles for patients
with lymphomas in order to increase hemoglobin
values, avoid transfusions, and ameliorate anemia-
associated fatigue and improve quality of life. The
optimal dose and frequency are still unknown, but the
effects of erythropoietin prescribed to lymphoma
patients at doses of 10,000 U thrice a week were equiv-
alent to a dose of 30,000 U, given every 3 weeks, in one
randomized trial. Darbepoetin alpha had been tested
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in patients with lymphoproliferative diseases and was
found to be effective at ranges 1–4.5 g/kg per week 
in comparison to placebo. Patients with multiple
myeloma, chronic lymphocytic leukemia, and lym-
phomas may benefit from administration of erythro-
poietin when they are experiencing symptoms related

to low hemoglobin, and/or are transfusion dependent.
Further studies are required to establish the role of ery-
thropoietin and darbepoetin alpha in acute leukemias
and, while preliminary data are encouraging, addi-
tional trials are needed in the peri- and posttransplan-
tation settings.
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The hematologic malignancies are uncommon disorders
in reproductive-age women. Cancer complicates 1 in
1000 pregnancies.1 The most frequently occurring
tumor in pregnancy is cervical cancer, followed by breast
cancer, melanoma, ovarian cancer, thyroid cancer,
leukemia, and lymphoma.2 The incidence of leukemia
during pregnancy is estimated to be 1 per 75,000 preg-
nancies.3 Pregnancy per se does not increase the risk of
malignancy.

Cancer is the leading cause of death among women
aged 35–54 years,4 and as childbearing increases
among older females, the incidence of pregnancies
complicated by malignancy is likely to increase.
Depending on the type of malignancy and stage of
diagnosis, postponing chemotherapy until after deliv-
ery may not be feasible. This is often the case in acute
leukemia.5 The use of chemotherapy during the sec-
ond and third trimester has been reported with good
outcomes. Despite the emotionally and physically
demanding therapy, pregnant patients with leukemia
have successfully delivered healthy term infants either
before, during, or after chemotherapy.

MATERNAL PHYSIOLOGIC CHANGES 
WITH PREGNANCY

Several normal adaptive changes occur in the hemato-
logic environment during pregnancy. Plasma volume
increases by about 50% with only a 20–50% rise in red
cell mass, resulting in a normocytic anemia.6 Inadequate
hematopoiesis can result if iron and folate stores are not
supplemented in advance. The normocytic anemia
often becomes microcytic if iron metabolism cannot
keep pace with fetal demand despite supplementation.

Leukocytosis occurs during pregnancy, most likely
due to increased levels of endogenous steroids. By the
third trimester, white blood cell (WBC) may reach as
high as 12,000/	L and up to 20,000–30,000/	L during
labor.7 Platelet counts in the low normal range may be
seen during gestation (gestational thrombocytopenia).6

Immune thrombocytopenic purpura occurs more often

in young women; any platelet count that acutely drops
or is less than 50,000/	L must be investigated.

The physiologic changes occurring with pregnancy
can directly affect the dosing and toxicity of
chemotherapeutic agents. The increase in renal blood
flow, glomerular filtration rate, and creatinine clear-
ance may increase the clearance of drugs excreted by
the kidneys. Amniotic fluid may act as a physiologic
third space, and thereby may enhance the toxicity of
agents by delaying elimination. The physiologic
increase in body water with the increase in plasma vol-
ume may change the volume of drug distribution.

INTERACTIONS BETWEEN PREGNANCY
LEUKEMIA, AND MATERNAL/FETAL
OUTCOME

IMPACT OF PREGNANCY ON LEUKEMIA
Pregnancy has not been shown to have any conse-
quence on the development, response to treatment,
duration of response, or overall survival of acute
leukemia.1,8 The complete response rates of 76–77%
reported by Reynoso et al. in both pregnant acute myel-
ogenous leukemia (AML) and acute lymphoblastic
leukemia (ALL) patients are consistent with those of
nonpregnant patients.8 Acute leukemia is fatal if
untreated. In all patients, untreated acute leukemia has
an overall survival from 2 weeks to 3 months, with
deaths most commonly resulting from infection or hem-
orrhage. Patients not receiving leukemia therapy prior to
labor and delivery had approximately 60% perinatal
mortality rate in the 1960s–1970s.9 Many of the mater-
nal deaths in leukemic patients during labor and deliv-
ery appear to occur in women with either untreated
acute leukemia or with disease unresponsive to therapy.8

In the early stages of chronic leukemias, treatment
is not essential. If adequate hematologic parameters
are maintained without significant bleeding or infec-
tion, uncomplicated gestation and delivery can take
place with sufficient prenatal care. Leukapheresis may
be performed if cytoreduction is necessary.

,
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Acute leukemias, however, are more aggressive and
patients require therapy for disease control almost
immediately upon diagnosis. There are a few reports of
pregnant patients not receiving chemotherapy for
acute leukemia. Some patients were diagnosed at deliv-
ery or in the last few weeks of gestation and had labor
induced before beginning the treatment.10 Catanzarite
and Ferguson reviewed fetal outcomes in untreated
acute leukemic patients.11

Four patients diagnosed close to delivery (induced or
spontaneous deliveries), between 37 and 42 weeks
of gestation—all healthy infants

One patient diagnosed at 14 weeks—elective abortion
with retained placenta and maternal death from
hemorrhage

One patient diagnosed at 28 weeks—intrauterine
death, maternal demise from intracerebral hemor-
rhage at 30 weeks

One patient diagnosed 1 month prior to conception—
disseminated intravascular coagulation (DIC) at 34
weeks with fetal demise within 24 hours

Five of the seven patients died 33 days or less after
diagnosis, primarily from hemorrhage and/or infec-
tion.11 These examples emphasize the need for early
intervention in acute leukemia; pregnant patients
require the same aggressive approach as nonpregnant
leukemics to attain a goal of complete remission.

PLACENTAL FUNCTION
The placenta separates maternal and fetal circulatory
systems and regulates transport between the two sys-
tems. Transport occurs via the placental membrane,
which is composed of fetal tissue.12 Maternal arterial
blood is driven by the blood pressure into the intervil-
lous spaces. Fetal blood is confined to the villous vas-
cular system. Substances cross by simple diffusion,
facilitated diffusion, active transport, or pinocytosis.
Placental membrane interruptions can occur, espe-
cially toward the end of gestation, due to thinning of
the membrane with time. The fetal capillary system

also becomes progressively more exposed to the inter-
villous spaces.

Several substances can easily transfer across this
membrane, including most nutrients, waste products,
proteins such as immunoglobin G antibodies, certain
hormones, viruses, and water-soluble vitamins.9

Substances that are lipid-soluble, less plasma protein-
bound, nonionized, or of low molecular weight are
capable of crossing the placenta; most chemothera-
peutic agents have similar qualities.9

In a retrospective review by Germann et al.,13 160
patient pregnancies exposed to anthracyclines were
analyzed. Fetal outcome was normal in 73% cases.
After intravenous injection of anthracyclines, only
barely detectable concentrations were detected in the
fetus. Table 106.1 illustrates the results of two studies
of anthracycline concentrations in fetal tissues, amni-
otic fluid, and placenta.13,14

Transplacental studies have resulted in conflicting
data. Roboz et al.15 reported that doxorubicin was
undetectable in amniotic fluid at 4 and 16 hours post-
maternal intravenous administration; this nonexis-
tence in the amniotic fluid cannot exclude transpla-
cental passage. D’Incalci et al.16 detected doxorubicin
in fetal liver, kidney, and lung after elective termina-
tion; no levels were found in the amniotic fluid, fetal
brain, or gastrointestinal tract 15 hours after adminis-
tration. The fetal heart was not assessed.

Using liquid chromatography, Karp et al.17 illus-
trated that doxorubicin concentrations were greatest
in placental tissue, with none in cord tissue or blood in
a healthy infant born 48 hours after therapy. A dox-
orubicin metabolite was detected in the cord, placental
tissue, and neonatal spleen in a stillborn baby deliv-
ered 36 hours after maternal intravenous therapy.

At the time of delivery in a woman with acute
promyelocytic leukemia (APL) undergoing therapy
with all-trans retinoic acid (ATRA), its levels were mea-
sured in her venous blood and in the neonate’s umbil-
ical artery, vein, and peripheral blood.18 Maternal
ATRA levels were detectable at 2 and 4 hours after
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Table 106.1 Transplacental passage of anthracyclines in vivo 

Time interval 
between

Time of infusion and
Maternal therapy Fetal measurements Measurements

Ref. cancer (weeks) Treatment Dose outcome (hours) in fetal tissues Results

13 AML-FAB 3 29–30 Daunorubicin 45 mgm2 Fetal 48 Liver 0.015 ng/mL
daily for death Kidney  0.02 ng/mL
3 days Lung 0.02 ng/mL

Skin ND; LD 1.5 ng/100 mg
Heart ND

14 Breast 32–35 Doxorubicin 20 mg/m2 Normal 96 Amniotic fluid ND; LD 0.2 ng/mL
cancer child only

FAB, French American British classification; ND, not detectable; LD, limit of quantification.



the last dose; no neonatal levels were found at 2 or 
4 hours.

Although there are inconsistent data regarding the
passage of chemotherapeutic agents across the pla-
centa, it is assumed that virtually all chemotherapeutic
agents do cross and other factors, such as fetal metab-
olism, may be the major determinant of teratogenicity.

PASSAGE OF LEUKEMIC CELLS TO THE FETUS
Maternal cancer cells can metastasize to the placenta,
and occasionally to the fetus. Read and Platzer19

reported on 44 pregnant patients with various malig-
nancies. They found six cases of acute leukemia involv-
ing the placenta or fetus, three patients with AML with
only placental involvement (fetus not assessed in one
instance), one ALL patient with placental involvement
but not fetal, and two ALL patients with the placenta
not examined, but ALL diagnosed in those fetuses.

Dildy et al.20 published a review on maternal malig-
nancies metastatic to the products of conception. Out
of 53 patients, there were 8 cases of either leukemia or
lymphoma detected in the placental tissue. Four of
these included fetal involvement.

Another case involved a patient diagnosed with acute
monocytic leukemia one day after delivery of a healthy
male infant; subsequently at 20 months of age, the child
was diagnosed with acute monocytic leukemia.21 The
histochemical staining and immunophenotyping of
the mother and child’s leukemic cells were identical.
The child’s bone marrow cytogenetic karyotype was
40% 46 XY, but the remaining 60% was 46 XX and most
likely originated from his mother. The child had no
other cytogenetic anomalies and both mother and child
were in complete remission when last assessed.21

DIAGNOSIS IN PREGNANCY

PRENATAL CARE
Prenatal care provides a thorough medical monitoring
system for young women. This includes a complete
blood count (CBC) at the patient’s first presentation;
any abnormalities other than the expected hematopoi-
etic changes should be further investigated, including
bone marrow aspirate and biopsy. A repeat hemoglobin/
hematocrit should be performed between 26 and 28
weeks of gestation and again at 32–36 weeks, with fur-
ther testing according to abnormal results.10

The symptoms of leukemia in general are nonspecific:
fatigue, dyspnea, fever, chills, and generalized malaise.
Signs may include bleeding, bruising, petechiae, or
infections that point to hematologic dysfunction.
Pregnant patients should seek medical attention with
any of these problems, as the symptoms of acute
leukemia will only worsen with time. The diagnosis of
any type of malignancy during pregnancy can be chal-
lenging as constitutional symptoms are often attributed
to a normal pregnancy.

DIAGNOSTIC WORK-UP
If there is any suspicion of marrow dysfunction based
on the blood counts, peripheral blood smear, or pres-
ence of circulating leukemic blasts, then a bone mar-
row biopsy and aspirate should be performed. Bone
marrow evaluation at any gestational age is safe; only
local anesthesia is used and the patients can maintain
a lateral decubitus position for an estimated 20-minute
procedure. If a pregnant woman is diagnosed with
acute leukemia, a multilumen central venous catheter
is often required due to frequent blood draws, transfu-
sions, chemotherapy infusions, and antibiotic use.
Catheter placement can be safely performed by a gen-
eral surgeon or interventional radiologist. Fluoroscopy
is often used for guidance during placement, but can
be avoided or used sparingly with pelvic shielding.
Measurement of left ventricular ejection fraction is
recommended prior to initiation of therapy, as anthra-
cyclines are cardiotoxic. Multigated acquisition scans
are often used, but in pregnant patients an echocar-
diogram can be performed to avoid radiation expo-
sure. Computed tomography (CT) scans of the
abdomen and pelvis are not critical for treatment or
prognosis, and therefore are not required in the work-
up of a pregnant leukemic patient. In summary, there
is minimal fetal risk in the maternal diagnostic work-
up for acute leukemias and in preparation for therapy.

PHARMACOKINETICS WITH PREGNANCY

Maternal changes occur during pregnancy that can
affect the metabolism of drugs.9 These include:

Increased plasma volume, which in turn can increase
the volume for drug dilution

Decreased albumin and increased plasma proteins due
to estrogen, which can affect ratios of free and bound
drugs

Increased renal blood flow and glomerular filtration
rate, with subsequent influence on excretion of drugs

Increased activity of hepatic mixed function oxidases,
thereby directly altering drug metabolism

Decreased gastric emptying, leading to interference
with drug absorption

Fetal pharmacokinetics are not well established. The
length of exposure to possible teratogens is an impor-
tant factor; metabolites of maternal medications can
be eliminated by the fetus into the amniotic fluid with
subsequent fetal ingestion, gastrointestinal absorp-
tion, and elimination, thereby continuing the cycle.9

Depending on the efficacy of these various processes
and the types of drugs and their metabolites, there
may be enhanced or diminished fetal exposure to
medications. There is no data to conclude that amni-
otic fluid functions as a third-space compartment or if
this could affect the dosing of medications during
pregnancy. There is also no evidence to suggest that
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doses of chemotherapeutic agents should be altered to
account for the new metabolic function in the mother.

TERATOGENICITY OF CHEMOTHERAPEUTIC
AGENTS

All chemotherapeutic agents are theoretically terato-
genic and mutagenic. Fetal malformation, intrauterine
growth retardation (IUGR), spontaneous abortion, and
fetal death may occur. The teratogenicity of any partic-
ular drug depends on the timing of exposure, the total
dose, and the drug characteristics on placental transfer.
Drugs with high lipid solubility, low molecular weight,
and decreased plasma protein binding have greater ten-
dency for placental transfer from mother to fetus.

Chemotherapeutic agents cause cell death through
several different mechanisms. They act on rapidly pro-
liferating cells and thereby are potentially harmful to
fetal tissues. Normal fetal cells undergo rapid growth
with multiple cell divisions during the first trimester,
especially during organogenesis (2–11 weeks of gesta-
tion). With the exception of brain and gonadal tissues,
organogenesis is accomplished by 12 weeks of gesta-
tion. Therefore, if chemotherapy is administered dur-
ing the first trimester, there is a high risk of fetal death
due to immaturity of all fetal tissues.9,22 During
organogenesis, drug-induced teratogenesis can also
manifest with major or minor abnormalities of organ
systems without fetal death.

If chemotherapy causes severe damage early in ges-
tation, spontaneous abortion often occurs. If sublethal
damage occurs during organogenesis, malformation
can result. Once organ development is complete, the
rate of cell division decreases and the rate of cell injury
and congenital malformations due to chemotherapy
equals the risk in the general population (3%).23,24

Although the available data suggests that chemother-
apy administration after organogenesis does not
appear to cause significant teratogenicity, one needs to
take into account that central nervous system develop-
ment is not complete and fetal growth and develop-
ment may still be affected.

Doll et al.9 reported on 139 cancer patients treated
with various chemotherapeutic agents during the first
trimester; the rate of fetal malformations was 17%. In
45 of these patients exposed to two or more agents
concurrently, 16% had infants with malformations. If
patients who received folate antagonists and radiation
therapy were excluded, the malformation rate dropped
to 6%.

The Toronto Leukemia Study Group reported that
one-third of all infants exposed to chemotherapy in
utero had pancytopenia at birth.25 Aviles and Niz26

reported on 17 infants delivered to mothers with acute
leukemia treated during pregnancy. They concluded
that chemotherapy did not have a major impact on later
development. Garber27 also reported on 43 children

born to mothers with hematologic malignancies who
underwent chemotherapy during pregnancy. Nineteen
of the mothers received treatment during the first
trimester. No physical, neurologic, psychologic, hema-
tologic, or cytogenetic defects were detected.

Cytarabine is a significant chemotherapeutic agent
in leukemia. Wagner et al.28 treated a patient for ALL,
with relapse of disease on maintenance therapy, who
acquired a second complete remission. The patient was
on maintenance therapy with cytarabine when she
conceived. Her three cytarabine cycles may have coin-
cided with normal limb bud development, as her
infant had a malformed right hand and bilateral
femur, tibiofibular and foot defects, as well as bilateral
external ear abnormalities.28

Another woman with AML conceived while under-
going treatment with cytarabine and oral thiogua-
nine.29 She continued this treatment until her term
delivery. The neonate had upper and lower distal limb
abnormalities, especially of his hands. The patient was
continued on the same medications and again con-
ceived 2–4 weeks after her last dose of chemotherapy.
This infant was born without any abnormalities.29

Caligiuri and Mayer23 reported on leukemic pregnant
patients treated with cytarabine as either a single agent
or in combination. Eighteen of these women gave birth
to normal offsprings, and five pregnancies ended in
elective abortions. Another AML patient was 20 weeks
pregnant when treated with cytarabine and daunoru-
bicin; she received reinduction with mitoxantrone and
cytarabine. She subsequently underwent consolidation
therapy with one cycle of cytarabine and idarubicin
between weeks 29 and 30. Two days later she delivered
a stillborn but phenotypically normal infant.30

The use of anthracyclines with combination
chemotherapy has been reported by Turchi and Villasis
in 20 pregnant patients.31 Among the 20 patients
treated, no fetal malformations resulted, but there was
one maternal-fetal death, one therapeutic abortion, one
spontaneous abortion, and four neonatal problems
(marrow hypoplasia, pneumothorax, sepsis, and poly-
cythemia) that all resolved.31 In the infant who devel-
oped polycythemia, the maternal course was compli-
cated by relapsed null-cell ALL on maintenance folate
antimetabolites, requiring reinduction chemotherapy,
pulmonary infiltrates requiring mechanical ventilation,
and prolonged bone marrow aplasia. The infant was
born at 36 weeks’ gestation, weighed 2400 g, and poly-
cythemia resolved with normal marrow function.32

APL has been reported in approximately 10% of cases
of leukemia in pregnancy, similar to the percentage in
nonpregnant leukemic patients. In 1995, Hoffman et al.33

published a case report and a review of the English liter-
ature that compiled 24 cases of APL occurring in preg-
nant patients. Ten of these patients received an anthra-
cycline with or without cytarabine or another agent for
induction therapy. Three fetuses were exposed in the
first trimester, with one spontaneous abortion, and five
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were exposed in the second trimester; the seven live
neonates were normal. Two patients were treated in the
third trimester, with one intrauterine death at 29 weeks’
gestation.33

Requena et al.34 described two patients with APL
treated with cytarabine, thioguanine, daunorubicin, and
mitoxantrone during the second trimester. Both women
delivered normal neonates, though one infant was intu-
bated for a total of 7 minutes. Takatsuki et al.35 evaluated
two APL patients who were both given a non-ATRA
chemotherapy regimen. One patient received combina-
tion chemotherapy with daunorubicin at 14 weeks,
when she presented with APL and DIC; intrauterine fetal
death occurred (IUFD) at 19 weeks. The other patient
was diagnosed with APL and DIC at 29 weeks of gesta-
tion. Combination chemotherapy including daunoru-
bicin produced a complete remission, and the patient
successfully delivered a normal infant.35

The advent of ATRA brought unknown risks to preg-
nant patients with APL. Another vitamin A derivative,
13-cis-retinoic acid, causes a specific retinoic embryopa-
thy when taken in the first trimester.3 Therefore, ATRA
would be suspected of causing a similar set of deformi-
ties. Three of the patients described by Hoffman et al.33

received ATRA between gestational weeks 30 and 32;
they delivered a total of four normal, but premature,
neonates. One patient was diagnosed with relapsed APL
in the first trimester and treated with ATRA. Her infant
was premature, but healthy at 15 months of age33

Giagounidis et al.36 reviewed 13 cases of APL in preg-
nancy treated with ATRA and did not find any fetal mal-
formations attributed to ATRA. Several reports of fetal
outcomes of pregnant patients who received ATRA are
illustrated in Table 106.2.37–47

With the exception of the folate antimetabolites, ter-
atogenicity cannot be completely attributed to one single
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Table 106.2 Pregnancy outcomes of 11 patients with APL who received ATRA during gestation

Other Week 
agents delivered; 

Ref. Week treated Response administered DIC outcome

37 At 23 weeks, CR None Yes; clinically mild, but excess perinatal 32 weeks; normal twins 
for 35 days hemorrhage 

38 At 26 weeks, CR None Yes 30 weeks; normal, but cardiac 
for 30 days arrest (recovered)

39 At 28 weeks, CR None Yes 32 weeks; normal 
for 30 days

40 At 6 weeks, CR, then Prednisone Yes 32 weeks; normal, RDS
for 4 weeks relapsed at (resolved) 

30 weeks

41 At 14 weeks, CR rhG-CSF, No; Jehovah’s Witness 40 weeks; normal
for 60 days rhEPO

42 At 34 weeks, CR None Yes; received blood products 38 weeks; normal
for 4 weeks

43 At 29 weeks, NR None No; no bleeding complications Postnatal death; bilateral renal
for 1 day; labor agenesis before APL 
began 24–36 diagnosed
hours later

44 At 30 weeks, CR Daunorubicin, Yes 32 weeks; fetal distress, 
for 2 weeks steroids day normal

of delivery

45 At 30 weeks, CR None No 33 weeks; atrial arrhythmia 
for 38 days 2 days before delivery up to 

1 day after birth; otherwise 
normal

46 At 24 weeks, CR daunorubicin, yes; received multiple blood products 33 weeks; small intracranial
until delivery IV heparin hemorrhages by imaging 

47 At 28 weeks, CR none no 29 weeks; normal
for 4 weeks

Reprinted with permission from Brell J, Kalaycio M.
CR, complete remission; NR, no response; RDS, respiratory distress syndrome; rhG-CSF, recombinant human granulocyte colony-stimulating
factor; rhEPO, recombinant human erythropoietin; IV, intravenous.



chemotherapeutic agent when combination chemother-
apy is administered with various other agents such as
antiemetics, antibiotics, antifungals, antivirals, premed-
ications, and blood products. The majority of leukemic
patients and neonates survive gestation, labor, and
delivery without major complications. Conventional
chemotherapy to treat leukemia during pregnancy is not
associated with a marked increase in the rate of malfor-
mation or long-term sequelae.23,26

TREATMENT OF SPECIFIC HEMATOLOGIC 
MALIGNANCIES

OVERVIEW
The diagnosis of a life-threatening disorder during
pregnancy is a formidable challenge for both the
patient and the physician. All risks, benefits, and alter-
natives for the patient and fetus must be discussed in
detail. The patient should understand that no out-
come can be guaranteed, but the available data should
be presented to her in a comprehensive manner.
Conclusions regarding the complexity of the decision
to treat and continue the pregnancy should be reached
by the consensus of the patient, patient’s family, and
physician. Unfortunately, there are no large prospec-
tive studies that address chemotherapy administration
during pregnancy, and subsequently physicians are
forced to formulate treatment regimens based on small
retrospective studies and case reports.

ACUTE LEUKEMIAS
Leukemia itself can adversely affect perinatal outcome.
Spontaneous abortion, prematurity, IUGR, and death
have been associated with maternal leukemia. The earlier
the diagnosis of leukemia during pregnancy, the higher
the perinatal mortality. Adverse factors include maternal
anemia, DIC, or leukemic cells affecting blood flow,
nutrient exchange, and oxygen delivery in the intervil-
lous spaces of the placenta. Acute leukemia is a hemato-
logic urgency and requires treatment without delay.
Chemotherapy at full doses can be safely administered,
even during the first trimester, if cure of the hematologic
malignancy is considered reasonable.48–50 However, great
concerns remain about the teratogenic and mutagenic
effects on the fetus during organogenesis.

Management of acute leukemias is based on the
stage of pregnancy at the time of diagnosis of the
malignancy. In the first trimester, the patient should
be offered the option of termination due to concerns
of the 10–20% risk of teratogenicity with chemother-
apy during organogenesis51,52; if abortion is declined,
then the patient should be treated. Patients diagnosed
with leukemia after the first trimester should undergo
prompt chemotherapy.

Caliguiri and Mayer compiled 72 cases of new-onset
leukemia diagnosed with or during pregnancy.23 AML

was diagnosed in 44 patients, ALL in 20, chronic myel-
ogenous leukemia (CML) accounted for five cases (four
in chronic phase), hairy-cell leukemia (HCL) in one
instance, and two cases were not specified. They
reported on 58 patients who were administered
chemotherapy while pregnant; only eight cases were
not given cytarabine, or an anthracycline, or both. As
the time of the first exposure to chemotherapy
advanced from first to third trimester, the number of
spontaneous abortions and stillbirths decreased, with
most neonates born normal regardless of premature or
term birth. There were no congenital defects reported
in patients undergoing chemotherapy during the first
trimester. There were no perinatal deaths; overall fetal
survival was 84% (49 of 58 fetuses).23

Catanzarite and Ferguson11 reviewed records on
pregnancy and acute leukemia. They collected out-
comes on 39 fetuses first exposed to chemotherapy
during gestation, ranging from conception to the third
trimester. A total of 31 patients received induction
chemotherapy for AML (24 patients) or ALL (seven
patients) during their pregnancy. Eight patients con-
ceived while on maintenance therapy. Twenty infants
were delivered at term and 12 were premature. There
were a total of three therapeutic abortions, two perina-
tal deaths (at 21 days and 3 months of life, both from
infection with no evidence of leukemia), and two
intrauterine deaths (at 24 and 30 weeks), for a fetal sur-
vival of 32/39 or 82%. There were no malformations
recorded.11

In a recent review by Ali et al.,53 10 pregnancies in 8
patients with acute leukemia were discussed. Six of the
patients had AML and two had ALL. Three of the preg-
nancies were diagnosed when the leukemia was in
remission, six at the time of leukemia diagnosis, and
one at the time of relapse. In this case series, five of the
eight pregnant women died from their malignancy.
Only 1 child survived from the 10 pregnancies, and
this child was not exposed to any chemotherapeutic
agents.53 Table 106.3 illustrates the maternal and fetal
data of the eight cases.

Hansen et al. published a case of a 24-year-old patient
diagnosed with ALL at 24 weeks of gestation.54 The
patient began course one of induction chemotherapy at
26 weeks with cyclophosphamide, daunorubicin, vin-
cristine, prednisone, and L-asparaginase. At 30 weeks
gestation, she was started on intensification therapy
with methotrexate, cyclophosphamide, 6-mercaptop-
urine, vincristine, and L-asparaginase. This course of
chemotherapy was repeated at 34 weeks. Two days later,
she had a normal spontaneous vaginal delivery with a
normal infant, but with mild meconium aspiration.
Serial abdominal ultrasounds throughout pregnancy
revealed gradual decline in the rate of fetal growth, with
recurrent, transient oligohydramnios, yet uterine artery
doppler and fetal heart rate testing remained normal.54

Children and adults who undergo treatment with
anthracyclines are at risk for dose-related cardiotoxicity.55
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This toxicity is related to free-radical damage to
myocardial fibers.56 Whether anthracycline exposure to
the developing fetus in utero is cardiotoxic is unknown.
Meyer-Wittkopf et al.57 performed fetal echocardio-
grams every 2 weeks from week 24 in a patient under-
going treatment for breast cancer with doxorubicin and
cyclophosphamide. No differences in systolic function
were discovered between exposed and unexposed
fetuses. Echocardiograms of up to 2 years of age
revealed no myocardial damage.57 Three cases of neona-
tal cardiac effects after in utero exposure to anthracy-
clines have been reported.56,58,59 One had been exposed
to both doxorubicin and pelvic irradiation and subse-
quently developed only one coronary artery.58 Two
developed right-sided cardiomyopathy after second
trimester exposure to idarubicin with tretinoin or with
vincristine, daunorubicin, and cyclophosphamide.56,59

Idarubicin is more lipophilic and therefore has
increased propensity for placental transfer. It may also
have a higher affinity for DNA. An IUFD has been

reported 2 days after idarubicin was given for consoli-
dation therapy for AML.30 Epirubicin, another anthra-
cycline, was used to treat 13 women in two studies.
Twenty-three percent of fetuses exposed to epirubicin
died either as fetuses or as neonates.60,61

MYELODYSPLASTIC SYNDROMES
Siddiqui et al.62 described five women diagnosed with
myelodysplastic syndromes (MDS) during pregnancy
from 1982 to 1987 (see Table 106.4). Steensma et al.63

identified all patients at the Mayo Clinic with MDS and
pregnancy seen between 1976 and 2000. A total of
seven pregnancies were discovered, occurring in four
patients with MDS between 1983 and 2000. In three of
the four patients, MDS was suspected after an initial
CBC for routine prenatal care. Patients were between 21
and 42 years of age. After bone marrow evaluation, all
patients had refractory anemia except one with refrac-
tory anemia with excess blasts (RAEB). Three patients,
including the RAEB patient, delivered normal term
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Table 106.3 Summary of eight patients with acute leukemia during pregnancy

Period of Treatment 
Age AML Leukemia pregnancy, during Outcome of Condition of 

Case (year) Pregnancy subtype status status of fetus pregnancy pregnancy patient

1 23 1 AML-M4 Active 8 weeks, — Spontaneous Died during 
disease alive abortion CT

2 25 2 ALL-L1, Active 24 weeks, — Therapeutic CR
3 B cell disease dead fetus abortion CR, still alive

ALL-L1, 4th year 8 weeks, Alive baby,
B cell of CR alive normal

3 21 4 ALL-L2, 12th mon. 12 weeks, — Spontaneous CR Died 
5 B cell of CR. alive — abortion during CT

ALL-L2, Relapse, 8 weeks, Therapeutic 
B cell active alive abortion

disease
(31st month 
of CR)

4 37 6 AML-M3 Active 26 weeks, Daunorubicin, Spontaneous Died during CT
disease alive cytarabine abortion in 1st 

wk of CT

5 29 7 AML-M4 Active 24 weeks, Daunorubicin, IUD during CT, Died during CT
disease alive cytarabine therapeutic 

abortion

6 24 8 AML-M1 6th month 8 weeks, — Therapeutic Died during CT
of CR, alive abortion
relapse at 
12th week 
of gestation

7 20 9 AML-M3 Active 19 weeks, — Therapeutic Still in 1st CR
disease dead fetus abortion

8 21 10 AML-M4 Active 12 weeks, — Therapeutic Still in 1st CR
disease alive abortion

Reprinted with permission from Ali R. et al. 
CR, complete remission; IUD, intrauterine death; CT, chemotherapy.



infants. The other patient developed spontaneous abor-
tion. Only one patient required therapy for MDS due to
rapid progression into acute leukemia; she was treated
with idarubicin and cytarabine at 30 weeks gestation
without remission, and treated again with same agents
successfully prior to delivery. She delivered a healthy
infant and subsequently underwent a matched unre-
lated allogeneic stem cell transplantation 2 months
postpartum and remained in remission.63

Although only a handful of cases of MDS with preg-
nancy have been reported, the relative indolence of
MDS suggests that termination of pregnancy should
only be a consideration seldom. In most patients, dis-
ease-specific therapy can be postponed until after
delivery, but patients in the high-risk International
Prognostic Scoring System (IPSS) may require cyto-
toxic therapy during pregnancy.63

CHRONIC MYELOGENOUS LEUKEMIA
Unlike acute leukemias, chronic leukemias often do
not require urgent therapy. With observation and sup-
portive care alone, many pregnancies can be com-
pleted successfully without complications. Cytotoxic
chemotherapy can often be delayed until after delivery
if a patient remains in the chronic phase.

Cytotoxic agents (interferon, hydroxyurea, imatinib
mesylate) and leukapheresis have been used in preg-
nant CML patients. Interferon (IFN) is not teratogenic
and has no known adverse effects on pregnancy.9,64,65

The use of imatinib has recently been reported in one
pregnant patient.66

There have been a few cases of use of hydroxyurea in
pregnant patients67–71; the majority of these patients
conceived while on therapy, and the fetuses were
exposed to the drug throughout the gestational period.
Both maternal and fetal outcomes were uncomplicated
in these cases.

The first report of a patient conceiving while on
IFN for CML was published in 1991. IFN, 4 million
units subcutaneously administered every other day,

controlled blood counts, and the patient delivered a
healthy infant at term.64 Another patient on IFN ther-
apy for approximately 2 years for chronic phase CML
became pregnant. Therapy was continued and she
delivered a normal term infant.72 No adverse fetal
effects from IFN have been reported.

Imatinib has an excellent safety profile, but in toxi-
cology studies it has been shown to induce abortions
and can be teratogenic at high concentrations in ani-
mals.73 Therefore, pregnancy is considered a contraindi-
cation for the use of imatinib and contraception is rec-
ommended while on this therapy. The first case of
pregnancy conceived while on imatinib was reported by
Heartin et al.66 A 34-year-old woman with Philadelphia
positive chronic phase CML was started on leukaphere-
sis and hydroxyurea. She achieved complete hemato-
logic remission within 4 weeks. After two negative preg-
nancy tests, she was treated with imatinib 400 mg daily.
Despite appropriate contraception counseling, the
patient became pregnant after 25 days of treatment and
ultrasound confirmed a viable fetus of 7 weeks. Imatinib
was discontinued immediately, but the fetus had been
exposed to imatinib during the crucial period of
embryogenesis between approximately days 8 and 33 of
gestation. The patient required hydroxyurea at 29
weeks of gestation due to a WBC of 82,000/	L and
platelets of 529,000/	L. Labor was induced at 38 weeks
of pregnancy, and a healthy baby girl was delivered. At
6 weeks postpartum, hydroxyurea was stopped and
imatinib was resumed. Six months after imatinib
therapy, she attained a major complete cytogenetic
response and maintained the response for at least 24
months. This was the first reported case of a pregnant
woman exposed to imatinib. Although the pregnancy
was uneventful for both mother and child, there is not
yet enough data to support the use of imatinib in preg-
nant patients. The recommendation of barrier contra-
ceptive use in women of child-bearing age while under-
going treatment with imatinib is still enforced.
However, this case report suggests that if and when
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Table 106.4 Myelodysplasia associated with pregnancy

Maternal Gestational Subclass; Pregnancy Maternal 
age (year) week course or therapy outcome outcome

22 16 RAEB; septic endometritis Therapeutic abortion AML by 4th month; expired after 2 years

31 12 RA; no CBC changes Therapeutic abortion Expired 1 month after MRD-BMT
after abortion

32 20 RA; transfusional support Healthy, term infant AML in 5th month, increased platelets 
postpartum; expired

31 30 RAEB; no treatment Down syndrome infant AML after 2 years; expired
at 36 week

31 Unknown Unknown Low birth weight infant Postpartum AML; expired

Reprinted with permission from Siddiqui T. et al.
CR, complete response; MRD-BMT, matched related donor-bone marrow transplant; RA, refractory anemia.
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patients inadvertently conceive while on imatinib, the
pregnancy can evolve uneventfully and successfully
with adequate care and monitoring.

CHRONIC LYMPHOCYTIC LEUKEMIA
The incidence of chronic lymphocytic leukemia (CLL)
during pregnancy is rare, as this malignancy affects
mainly the older population, with a median age of
approximately 70 years, and it affects men twice as
often as women. Only 10–15% of patients are under the
age of 50 years.74 The management of CLL in the preg-
nant patient is challenging due to lack of data.
Information regarding the effects of various chemother-
apeutic agents on the developing fetus is derived solely
from reports describing teratogenic and mutagenic
effects in animal experiments, and case reports on preg-
nancy outcomes complicated by various other malig-
nancies. Only four cases of pregnancy and CLL have
been described.75–78

The natural course of CLL can be highly variable,
and chemotherapy is often not indicated if the disease
is in an early and stable stage, as there is no data to
support improvement in survival with early interven-
tion.79 Therefore, CLL may not require treatment
immediately because it has a relatively indolent
course, but it can carry a risk of leukostasis, as well as
risk of placental insufficiency, IUGR, increased fetal
prematurity, and increased mortality.80 Leukapheresis
has been successfully used in both acute and chronic
leukemias for rapid reduction of high WBC counts in
patients with symptoms of increased viscosity. This
form of treatment provides a temporary alternative to
chemotherapy for the pregnant patient with signs/
symptoms of leukostasis.81–83

In a case reported by Chrisomalis et al.,75 a 30-year-
old woman with CLL experienced repeated infections
during pregnancy that were treated successfully with
antibiotics. She was not treated for the CLL, as she was
asymptomatic. In addition to her bone marrow, the
intervillous spaces of the placenta were filled with
mature-appearing lymphocytes consistent with CLL.
The patient delivered a healthy newborn, and the
patient and baby remained in good health 1 year after
delivery.75 Welsh et al.76 reported a 22-year-old patient
with CLL diagnosed at 35 weeks gestation with a WBC
count of 45,400/	L. She delivered a healthy infant at
term. Four months following delivery, her WBC count
decreased to 10,300/	L without therapy. She contin-
ued to have a high percentage of monoclonal lympho-
cytes, but the absolute number decreased. The authors
concluded that this represents an apparent sponta-
neous “clinical” but not “clonal” regression.76

Ali et al. published a case of a 30-year-old woman
who presented with anemia and cervical lym-
phadenopathy in the 17th week of gestation.78 Based
on clinical findings, and microscopic analysis of her
peripheral blood and bone marrow, she was diagnosed

as having stage IV B-cell CLL. The patient underwent
three courses of leukapheresis at the 25th, 30th, and
38th weeks of gestation to maintain the WBC count
below 100,000/	L. Therapeutic pheresis was well toler-
ated by the mother and fetus, and no complications
were identified. A healthy baby was born at term with-
out anatomical or hematologic abnormalities.

There have been no reports on the use of purine
analogues in pregnancy.

Targeted therapy with an anti-CD52 or anti-CD20
monoclonal antibody has been used in untreated CLL
patients and in those with progressive disease after flu-
darabine treatment.84,85 Rituximab is one such anti-
CD20 monoclonal antibody, and there exists little evi-
dence for its safety during pregnancy. One report on
rituximab and pregnancy has been published in a non-
Hodgkin’s lymphoma patient. A 29-year-old female
with stage IIA bulky CD20� diffuse large B-cell lym-
phoma was treated with rituximab during 21 weeks of
gestation. She received four cycles of therapy along
with doxorubicin, vincristine, and oral prednisolone.
The patient developed a very good partial remission
and subsequently delivered a healthy term infant by
Cesarean section. The child developed normally, and a
normal peripheral B-cell population was detected at 4
months.86

HAIRY-CELL LEUKEMIA
HCL is a rare hematologic malignancy of older men,
with a median age of 50–55 years. It has a generally
favorable prognosis, with excellent treatment response
to nucleoside analogs. HCL has been reported in a few
pregnant women.64,87–89 Two pregnant patients diag-
nosed with HCL received IFN during second and third
trimesters of pregnancy. No side effects were reported,
and both delivered healthy infants at term.64 In
another patient, treatment was deferred until after
delivery, although the patient required a splenectomy
at 16 weeks. She subsequently delivered at term with-
out complications.88 Another report described a
woman found to have HCL and massive splenomegaly
late in the second trimester. Due to pancytopenia
(WBC 4000/	L, platelet count 65,000/	L, hematocrit
28.6%), she underwent splenectomy with resolution
of thrombocytopenia and normal progression of preg-
nancy successfully.89

ADULT T-CELL LEUKEMIA-LYMPHOMA
Human T-cell lymphotrophic virus type I (HTLV-I), the
causative agent in adult T-cell leukemia-lymphoma, is
uncommon in the United States. A case report of adult
T-cell leukemia-lymphoma during pregnancy has been
published.90 A 23-year-old female was admitted with a
1-week history of sore throat, fever, and fatigue during
the 26th week of gestation. The WBC was 55,900/	L
with 74% unclassified cells. Flow cytometry revealed



increased numbers of CD3�, CD4�, and CD3-CD25�

T cells in her blood, and her bone marrow demon-
strated 34% atypical, intermediate-size lymphocytes.
IgG anti-HTLV-I or HTLV-II antibodies were present and
HTLV-I was detected by a polymerase chain reaction
assay. The patient was treated with hydroxyurea and
CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) with a subsequent drop in her WBC to
12,700/	L. On the eighth day of admission, a healthy
infant was delivered by cesarean section.90

SUMMARY

Despite the retrospective and often anecdotal nature
of the available data on pregnancy and leukemia, sev-
eral principles of management can be inferred:

1. If possible, chemotherapy should be avoided during
the first trimester; use of chemotherapy after the
first trimester appears to be safe.

2. Patients with acute leukemia require chemotherapy
as soon as feasible regardless of trimester to avoid
poor maternal outcomes.

3. Once a decision to treat has been made, chemother-
apy should be given at full doses and on schedule to
maximize efficacy.

4. A multidisciplinary team including specialists in
oncology, obstetrics, perinatology, and neonatology
is necessary to coordinate care, improve the chance
of cure in the mother, and minimize neonatal harm.

Beyond these basic tenets, treatment should be
individualized with other proper obstetric care and
monitoring to maximize the potential for favorable
outcomes.
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INTRODUCTION

A multitude of complications are known to occur dur-
ing the treatment of leukemia and lymphoma. This
chapter will summarize some of the more common, yet
unique syndromes that carry serious implications of
morbidity and mortality if not recognized and treated
early.

TUMOR LYSIS SYNDROME

A constellation of metabolic abnormalities seen in
tumors with rapid cell turnover, often as a consequence
of treatment, is termed tumor lysis syndrome (TLS). It
results from the lysis of predominantly malignant cells,
releasing their contents into the systemic circulation at
a rate that exceeds the elimination capacity of the kid-
neys. Hyperuricemia is central to the pathogenesis and
diagnosis of this disorder.

PURINE METABOLISM
Leukemic cell lysis results in releasing purines into the
extracellular space. Through a process of deamination,
these purines are converted to xanthine and hypoxan-
thine. The oxidation of xanthine and hypoxanthine
by xanthine oxidase leads to the formation of uric
acid, which is eventually converted to allantoin by
urate oxidase. Inhibition of these enzymatic pathways
forms the basis for the treatment of hyperuricemia in
TLS.

RISK FACTORS FOR THE DEVELOPMENT OF TLS
A large tumor burden with rapid cell turnover, elevated
LDH, preexisting hyperuricemia, sensitivity of tumors to
chemotherapy, and abnormal baseline renal function,
predispose to an increased risk of TLS.1 Tumor cell type is
also an important determinant in assessing risk. TLS is
most frequently encountered in aggressive lymphomas,
especially the Burkitt’s type.2–7 Among the other hema-
tological malignancies, T-cell ALL has the highest risk of
TLS,8 followed by chronic leukemias9–11 and other indo-
lent lymphomas.12,13 Most often, TLS is observed in the
setting of systemic chemotherapy, but spontaneous
occurrences are reported.2,13 In addition, TLS can occur
in response to a variety of other therapies, such as corti-
costeroids,3,4,12,14 intrathecal methotrexate,15–17

tamoxifen, total body radiation,18 imatinib mesy-
late,19 and monoclonal antibodies such as rituximab
6,20 and gemtuzumab ozogamicin.21

DIAGNOSIS AND CLINICAL FEATURES 
The diagnosis of TLS is based on the demonstration of
characteristic metabolic abnormalities, including hyper-
uricemia, hyperkalemia (or, rarely, hypokalemia), hyper-
phosphatemia, and hypocalcemia.

Hyperuriciemia
Increased uric acid levels predispose to uric acid crystal
deposition in renal tubules leading to oliguric renal fail-
ure.22 Nausea, vomiting, hematuria, oliguria, and anuria
requiring dialysis can be encountered. Occasionally,
hyperuricemia results in crystal deposition in joints
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(gouty arthritis) and can present as arthralgias or
monoarthritis.

Hyperphosphatemia and hypocalcemia 
Leukemic cells may contain four times the amount of
inorganic and organic phosphorous as noncancerous
cells.23 Cell lysis causes extracellular release of this phos-
phorous, which in turn binds to calcium, with subse-
quent hypocalcemia. Precipitation of calcium phos-
phate crystals in renal tubules may further contribute to
renal failure. Severe hypocalcemia can be associated
with hypotension, QT prolongation, and arrythmias.
Neurologic manifestations can include tetany, carpo-
pedal spasm, paraesthesias, and laryngospasm.24

Hyperkalemia
Leukemic cells lysed by induction chemotherapy also
release potassium into the extracellular space. This
becomes a concern especially in the setting of inade-
quate renal clearance, when serum potassium concen-
tration can rise to dangerous levels and result in cardiac
arrest.25 Hypokalemia may occur in the setting of acute
monoblastic leukemia in which lysozyme release acts
at the level of kidneys to cause potassium depletion.

MANAGEMENT
Identification of patients at risk and institution of appro-
priate prophylactic measures are essential for the man-
agement of TLS. The cornerstones of therapy include
aggressive hydration, maintenance of adequate urinary
output (with gentle diuresis, if necessary), urinary alka-
linization, frequent monitoring of electrolytes, and spe-
cific treatment of individual metabolic abnormalities.

Hyperkalemia
Several approaches for the treatment of hyperkalemia
are available. Methods that reduce serum potassium
level through excretion, rather than via intracellular
shifts, are preferred. Elimination of potassium in infu-
sions, use of cation exchange resins such as sodium
polystyrene sulfonate, loop diuretics (especially in the
fluid overloaded patient), and hemodialysis (in severe
cases)26 are reasonable strategies.

Hyperphosphatemia and hypocalcemia
Reduction of serum phosphate levels with oral phos-
phate binders, such as aluminum hydroxide, is usually
effective. Spontaneous correction of serum calcium
levels is noted when hyperphosphatemia is adequately
managed. In cases of severe symptomatic hypocal-
cemia, cautious repletion with calcium chloride or glu-
conate can be undertaken. Overzealous intravenous
calcium replacement should be avoided, as this can
promote metastatic calcifications.27,28

Hyperuricemia
Treatment of hyperuricemia should focus on measures
that prevent uric acid formation and precipitation,

and augment uric acid metabolism to allantoin.
Allopurinol 300 mg/day is used prophylactically to
prevent uric acid synthesis from purines released as a
result of leukemic cell lysis, through inhibition of xan-
thine oxidase. Alkalinization of urine with sodium
bicarbonate infusions to a target urinary pH of 7.0 is
effective in preventing uric acid deposition in the renal
tubules. However, overaggressive alkalinization could
foster calcium phosphate precipitation, and therefore
should be done with care.27

Urate oxidase metabolizes uric acid to allantoin,
which is 5- to 10-fold more soluble than uric acid29

and is readily excreted by the kidneys.30 Recombinant
urate oxidase (rasburicase) has been recently approved
for the treatment of hyperuricemia in pediatric patients
with acute leukemia. It is extremely effective in reduc-
ing serum uric acid to low levels within a few hours of
administration,31 but is used in severe cases that have
failed traditional prophylactic methods, and in whom
the probability of acute renal failure is very high. This
therapy is initiated only when a patient’s uric acid rises
to �14.

DISSEMINATED INTRAVASCULAR
COAGULOPATHY

Among the thrombo-hemorrhagic complications of
hematologic neoplasia, disseminated intravascular
coagulation (DIC) remains one of the most common
and life-threatening disorders. DIC is not a disease in
itself, but represents a syndrome characterized by
excess thrombin generation, usually triggered by an
underlying condition.

PATHOGENESIS
Though it is well known that DIC can accompany any
kind of leukemia, it is most commonly observed in
patients with acute promyelocytic leukemia (APL). The
development of DIC in leukemia is related to several
mechanisms, including release of procoagulant factors,
fibrinolytic substances, and inflammatory cytokines,
and the interaction of the leukemia cells with the vas-
cular endothelium, macrophages, and platelets.

Tissue factor (TF)32, 33 and cancer procoagulant (CP)34

are expressed in all leukemic cell types, with greatest
expression seen in APL. Differentiation of leukemic
blasts to more mature forms by all-trans retinoic acid
(ATRA) is associated both with loss of expression of
CP,35 and with decreased expression of TF,36 regardless
of the degree of cellular differentiation.37 Fibrinolytics,
such as u-PA and t-PA,38,39 and the proteases elastase and
chymotrypsin have been identified in leukemic blasts.
These enzymes may be responsible for the proteolytic
cleavage of clotting factors,40 �2 antiplasmin and fib-
rinogen.41 In addition, the overexpression of annexin II,
a fibrinolytic receptor protein on the surface of APL
cells, correlates with both the clinical manifestation of
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bleeding and the in vitro ability of the promyelocytic
cell lines to generate plasmid.42

There is some evidence that induction chemother-
apy itself transiently worsens the coagulopathy of APL.
Postulated mechanisms for this phenomenon include
release of procoagulants from lysis of tumor cells, vas-
cular endothelial damage by chemotherapy, induction
of leukemic blast and monocyte tissue factor, and
decrease in naturally occurring anticoagulants, such as
antithrombin, and protein C and S.43

MANAGEMENT OF DIC
Supportive care and treatment of the underlying cause
are the cornerstones of therapy of DIC. Platelet trans-
fusions represent an important aspect of managing
patients with DIC in the setting of APL. The risk of
bleeding is significantly decreased by prophylactic
platelet transfusions coupled with the urgent institu-
tion of chemotherapy to counteract the coagulopa-
thy.44,45 In one study, giving prophylactic platelet
transfusions to keep platelet count �30 � 109/L and
no heparin was associated with a higher response rate
to induction chemotherapy.46 The role of heparin ther-
apy in the treatment of DIC associated with APL is
uncertain. The rationale for the use of heparin is to
decrease the consumption of clotting factors and
platelets and to reduce intravascular fibrin formation
and thrombus deposition in the microvasculature.
Several small retrospective uncontrolled studies sup-
port the use of heparin in this setting.47 However,
another large retrospective study showed no benefit
with respect to early hemorrhagic deaths, CR rate, or
overall survival in patients treated with heparin com-
pared with supportive care only.48

Differentiation therapy with ATRA is also known to
alter the clinical course of the coagulopathy of APL.
Falanga et al.49 noted a steep decline in all markers of
fibrin degradation and clotting activation after therapy
with ATRA. ATRA is also thought to exert this effect by
inhibiting secretion of TNF-� and IL1-�; inhibiting TF
expression on monocytes, and by stimulating t-PA pro-
duction.50 Randomized clinical trials have not only
demonstrated an increase in CR rate and a reduction in
the rate of early hemorrhagic deaths in patients treated
with concurrent ATRA plus chemotherapy.51

HYPERLEUKOCYTOSIS AND LEUKOSTASIS

The majority of patients with acute leukemia present
with non-specific symptoms such as fatigue, weight
loss, and fevers. Approximately 5–30% of adult patients
with acute leukemia will have a more dramatic presen-
tation related to an extraordinarily high leukocyte
count, usually greater than 100,000/mm3. About 5–18%
patients with adult AML52,53 present with hyperleukocy-
tosis, with a majority of them having symptoms refer-
able to leukostasis.54 Even though hyperleukocytosis is

generally considered to have a negative impact on prog-
nosis,53,55 its independent prognostic value in AML is
controversial due to its close association with other
established markers of unfavorable disease such as age,
karyotype, CNS involvement, and antecedent hemato-
logical disorders. 

The incidence of hyperleukocytosis in ALL is 10–30%.
Hyperleukocytosis is a well-established negative prog-
nostic factor for pediatric and adult ALL. Interestingly, in
ALL, hyperleukocytosis rarely results in leukostasis.
T-cell ALL, male sex, 11q23 rearrangements, and Ph�

ALL are all associated with a higher incidence of hyper-
leukocytosis. The major consequence of an increased
WBC count is leukostasis, which is sludging of the
microcirculation with leukemic blasts. Leukemic blasts
can also form microaggregates and white, bland thrombi
in these small vessels, leading to further impairment in
flow. Direct endothelial damage and bleeding can occur
as a result of local hypoxemia that is exacerbated by the
high metabolic activity of the dividing blasts.
Pathological examination frequently reveals end-organ
infiltration with leukemic blasts. This is a conse-
quence of direct endothelial damage mediated by sol-
uble cytokines released during the interaction between
leukemic blasts and the endothelium, with subsequent
migration of these blasts into the perivascular space.
There is emerging evidence that the differential expres-
sion of certain adhesion molecules on the vascular
endothelium of AML patients may facilitate interaction
of the leukemic blast with the vascular endothelium,
with subsequent migration.56 The pulmonary and cere-
bral vascular beds are the most clinically relevant targets
of leukostasis. Cerebral involvement can range from
subtle confusion and somnolence to frank intracerebral
bleeding and coma. Early pulmonary involvement is sig-
naled by mild dyspnea and respiratory alkalosis.
Without treatment, this can progress to respiratory
failure requiring mechanical ventilation. Typical chest
X-ray findings include diffuse interstitial or alveolar
infiltrates, but can be normal in the early stages. 

Pulmonary leukostasis was found to be the single
worst prognostic factor in patients with AML.57 Fever
is almost always present at presentation, and usually is
not related to infection. Spurious hypoxemia can be
related to increased consumption of oxygen by the
blasts in the blood collection tube, and can be avoided
by immediate transportation of an arterial blood gas
sample on ice.

The short-term prognosis for patients with AML with
hyperleukocytosis remains poor. As predictive factors for
leukostasis lack a high degree of specificity, aggressive
supportive care and prompt cytoreduction are essential.
At our center, we use hydroxyurea,58,59 1–3 grams orally
every 6 hours in combination with emergent leuka-
pheresis for patients presenting with WBC counts
�100,000/mm3 or signs or symptoms indicative of
leukostasis in AML. In ALL, the threshold to initiate
leukapheresis is higher; usually �200,000/mm3 in many
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centers. In addition to clearing circulating blasts, leuka-
pheresis is thought to improve the coagulopathy that
may be present in these patients by replacement with
fresh frozen plasma, thereby reducing the risk of hemor-
rhage. However, leukapheresis has never been shown
convincingly to reduce the risk of developing clinically
significant leukostasis or reducing early mortality.60

Though there are scanty reports in the literature regard-
ing the use of cranial irradiation,61 it has been largely
abandoned as a therapeutic modality due to toxicity,
inconvenience, and lack of efficacy data.

DIFFERENTIATION SYNDROME

The incorporation of ATRA into the treatment para-
digm of acute promyelocytic leukemia has significantly
improved the cure rate of this disorder. ATRA causes
differentiation of the malignant phenotype into a more
mature myeloid cell.62,63 Treatment with ATRA is gener-
ally well tolerated, but a distinct clinical syndrome has
been described in treated patients. Termed variably as
differentiation syndrome or the retinoic acid syndrome
(RAS), it was first formally described by Frankel et al. in
1992.64 The differentiation syndrome can also occur in
the setting of therapy with arsenic trioxide.

The differentiation syndrome occurs with an inci-
dence of 6–26% in most large series.65,66 The incidence
seems to be somewhat increased (26%)66 in patients
treated with ATRA monotherapy, compared to 10%
when combined with cytotoxic chemotherapy.67

Concurrent versus sequential administration of ATRA
does not appear to alter the incidence of this syn-
drome. Median time to onset of symptoms is 10–12
days, but can range from 2 to 47 days.66 Typical find-
ings include leukocytosis, fever, weight gain, dyspnea,
and alreolas infiltrates on radiological examination of
the chest.

PATHOPHYSIOLOGY
Several mechanisms have been postulated to explain
the pathogenesis of the differentiation syndrome.
Molecules such as cathepsin G that are known to
increase capillary permeability, and cell surface adhe-
sion molecules such as CD15s and the integrins (CD
11a and CD11b) are implicated in the pathogenesis of
this syndrome.68 Increased expression of IL-1 on the
APL cell induces ICAM-1 and VCAM-1 expression on
the vascular endothelium, which in turn enhances
leukemic cell binding to the endothelium.69 Cytokines,
including TNF-�, IL-6, and IL-1�, may contribute by
promoting leukocyte activation.70,71

PROPHYLAXIS AND TREATMENT
Prophylactic administration of prednisolone in APL
patients with WBC counts rising above 10,000/ml on
treatment with ATRA prevented pulmonary toxicity

despite WBC counts as high as 100,000/ml.72 This is a
promising strategy, but needs to be evaluated in a
larger prospective trial.

In an attempt to decrease the incidence of the dif-
ferentiation syndrome, several dose modifications of
ATRA have been tried. ATRA at a dose of 25 mg/m2/d
did not decrease the incidence of the syndrome, but
appeared to have similar efficacy as the standard
dosage of 45 mg/m2/d.73 In another small study, an
even lower dose of ATRA at 15–20 mg/m2/d had a
lower incidence of the differentiation syndrome with-
out compromising efficacy.74 These strategies, how-
ever, need confirmation in larger trials.

Recognition of the clinical syndrome and prompt ini-
tiation of therapy with intravenous dexamethasone
10 mg every 12 hours for three days at the first sign of
fever, dyspnea, unexplained weight gain, or pulmonary
infiltrates is of utmost importance. Treatment with ATRA
can be continued in mild cases of the differentiation syn-
drome with good outcomes.66 However, ATRA should be
discontinued in moderate to severe cases and may be
resumed once symptoms resolve. If ATRA is resumed,
close monitoring is required, as the syndrome can recur
despite prophylaxis with steroids. ATRA does not appear
to cause the syndrome when used in the maintenance
phase. With early and aggressive treatment, the mortal-
ity of RAS in most large series is about 1%.66

NEUTROPENIC ENTEROCOLITIS

Neutropenic enterocolitis (NE), or typhlitis, is a rela-
tively frequent gastrointestinal complication encoun-
tered in patients with prolonged neutropenia, usually in
the setting of post-induction therapy for acute leukemia.
Its incidence ranges between 2.6 and 12%,75,76 depend-
ing on clinical diagnoses versus autopsy findings. It can
also occur after prolonged neutropenia, as occurs with
bone marrow transplantation.77 It is encountered after
induction therapy for acute leukemias in approxi-
mately 3–7%78,79 of patients, and only rarely with
chronic leukemias.80 Occasionally, NE is reported in
non-neoplastic conditions, such as HIV infections.81

Although typhlitis is predominantly seen in patients
with prolonged neutropenia after aggressive chemother-
apy for leukemia, it can occasionally be the presenting
feature of the disease.82,83

PATHOGENESIS
The parts of the gastrointestinal tract that are most com-
monly affected by NE include the cecum, ascending
colon, and terminal ileum. Macroscopic changes include
bowel wall edema, mucosal ulcerations, serosal ecchy-
moses, and fibrinous plaques. Histopathological exami-
nation reveals transmural necrotizing inflammation,
mucosal leukemic cell infiltration, ischemic and hemor-
rhagic necrosis, microvascular thrombosis, bacterial
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infiltrates with absence of an inflammatory response,
and mucosal pseudomembranes.80

The factors implicated in the pathogenesis of NE
are: prolonged neutropenia and an immunocompro-
mised state; bowel ischemia worsened by anemia;
leukemic infiltration of bowel wall; bacterial transloca-
tion to pockets of necrosis caused by rapid regression
of the bowel wall; intramural hemorrhage secondary
to thrombocytopenia; shift in bacterial flora due to
antibiotic usage; nosocomial colonization by hospital
flora; drug induced paralytic ileus (vincristine); and
cytarabine induced mucosal damage. 

The most common bacterial pathogens involved are
gram negative gut flora such as E. coli, Enterococcus,
Enterobacter and the Clostridium species. Septic shock
can ensue and is associated with a high mortality.

The symptom complex of fever, abdominal pain or
tenderness, and diarrhea in a patient with prolonged
neutropenia after aggressive chemotherapy may suffice
for a clinical diagnosis of NE.84 Surgical consultation is
frequently obtained, although surgical intervention is
required less often. The most common finding on plain
X-ray of the abdomen is ileus, and is present in 85% of
cases. Ultrasound of the RLQ is sensitive, and may show
bowel wall thickening.85,86 CT scan may reveal a RLQ
infiltrative mass, pericecal fluid, and pericecal fat stand-
ing suggestive of inflammation.87 Histological confir-
mation of the diagnosis is not required.

Management of the patient with NE should be indi-
vidualized. Aggressive supportive care measures includ-
ing broad gram negative and anaerobic coverage, ade-
quate fluid and electrolyte balance, and adherence to
strict neutropenic precautions are imperative. Surgical
intervention is required in cases of perforation or peri-
tonitis, persistent GI bleeding despite resolution of neu-
tropenia and thrombocytopenia, or clinical deteriora-
tion suggesting septic shock.88 Barring a few reports,89

there is no convincing data to support the routine use
of growth factors in the treatment of this disorder.
Complications arising as a consequence of NE include:
fistula formation, bowel perforation, bowel stenosis,
prolonged ileus, massive GI bleeding, bacteremia with
metastatic abscesses (hepatosplenic), acute colonic
pseudoobstruction (Ogilvie’s syndrome), and frank sep-
tic shock.90

PARANEOPLASTIC SYNDROMES

Several paraneoplastic manifestations are associated
with the hematological malignancies, particularly the
lymphomas. In several instances, autoimmune disorders
such as Sjogren’s disease, rheumatoid arthritis, SLE, and
autoimmune thyroiditis precede the development of the
lymphoma by several years. While tests supporting a
diagnosis of autoimmune phenomena such as platelet
antibodies, direct antiglobulin tests, antineutrophil and

antiphospholipid antibodies are positive in approxi-
mately 40% patients with NHL, clinically relevant prob-
lems are seen in a minority of patients (�10%).91

HEMATOLOGIC SYNDROMES

Warm autoimmune hemolytic anemia (AIHA) and
occasionally cold antibody-mediated hemolysis is seen
most commonly in association with CLL,92 but 3–5%
patients with NHL 93 and 1–2% with HD also develop
this complication.94 Fludarabine associated hemolytic
anemia is also observed in patients with CLL and occa-
sionally in NHL. In a study of patients with NHL, AIHA
was associated with female sex, poorer response rate to
treatment, a higher incidence of monoclonal gam-
mopathy, and inferior overall survival when compared
to patients without AIHA.93 AIHA associated with lym-
phoma usually parallels the disease course and some-
times heralds the onset of relapsing disease. In con-
trast, autoimmune thrombocytopenia is seen more
commonly with HD than with NHL. Unlike AIHA,
when ITP recurs, it is seldom associated with a relapse.
Treatment is the same as for de novo cases, and accom-
panies therapy for the underlying malignancy.

Several paraneoplastic coagulopathies resulting in
bleeding diatheses, mediated by the secreted parapro-
tein, are well described in the lymphoproliferative dis-
orders. Acquired factor VIII95,96 and factor X inhibitors,
acquired von Willebrand’s disease,97,98 and rarely
acquired Glanzmann’s thrombasthenia99 have all been
reported. Conversely, thrombosis as a result of anticar-
diolipin and anti-beta 2 glycoprotein-I antibodies is
also reported in patients with NHL.100

Eosinophilic syndrome with organ infiltration has
been observed with HD and T-cell lymphoma. IL-5 is
the principle cytokine that is believed to mediate this
process.101,102 Other rarer paraneoplastic hematologic
syndromes associated with the lymphomas include
hemophagocytic syndrome,103 autoimmune neutrope-
nia,104 pure red cell aplasia,105 and amegakaryocytic
thrombocytopenic purpura.106

RENAL SYNDROMES

A variety of renal syndromes have been observed in
association with hematological neoplasms. Notably,
nephrotic range proteinuria precedes the diagnosis of
HD in many cases. A renal biopsy most commonly
reveals minimal change disease.107 Unlike other para-
neoplastic manifestations, this condition responds
well to the treatment of the underlying malignancy;
recurrence of proteinuria is an ominous sign and usu-
ally indicates relapsing disease. Renal amyloidosis is
well described in the advanced stages of HD.108 In
contrast, renal disease in NHL is more heterogenous
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and often presents with renal dysfunction along
with proteinuria. Membranoproliferative glomeru-
lonephritis and crescentic glomerulonephritis are
somewhat more common, though a variety of other
histopathologies have been reported.109,110 Treatment
of the lymphoma usually results in improvement of
renal function.

DERMATOLOGIC SYNDROMES

Paraneoplastic pemphigus is a severe dermatologic
syndrome that is most commonly associated with
NHL,111 but can also be seen in the course of CLL, mul-
tiple myeloma, Waldenstrom’s macroglobulinemia,
HD, and other solid tumors. It presents as painful
mucocutaneous erosions of the lips, oropharynx, and
skin. In paraneoplastic pemphigus, the antibodies tar-
get the plakin proteins of desmosomes that are found
in all epithelial tissues, including the respiratory
tract.112,113 As a consequence, bronchiolitis obliterans
with respiratory failure may develop in about 30% of
these patients. Immunosuppressive therapy with
cyclosporine and rituximab,114,115 in some cases, has
been associated with good responses to the skin and
mucosal lesions, but does not seem to alter the even-
tual outcome, even when good control of the underly-
ing neoplasm is achieved. Nousari et al.113 noted a
mortality rate of greater than 90% in 84 patients with
paraneoplastic pemphigus, the leading cause of death
in the absence of respiratory failure being infection.114

Sweet’s syndrome is a prototype of the neutrophilic
dermatoses and is found more often with AML, but is
also reported in NHL, HD, and a variety of other hema-
tological malignancies.116,117 It manifests with an acute
onset of fever, leukocytosis, and cutaneous plaques
which show dermal infiltration with neutrophils.

T-cell lymphoma and HD can rarely be associated
with eosinophilic fasciitis, which presents with painful
sclerotic lesions on the extremities and trunk.118–120

Treatment with corticosteroids has modest results, but as
with any other paraneoplastic manifestation, control of
the underlying malignancy is crucial. Other conditions
that have been rarely associated with lymphoma are
pyoderma gangrenosum,121 Bazex syndrome,122 granu-
loma annulare,123 and molluscum contagiosum.124

NEUROLOGIC SYNDROMES

Paraneoplastic manifestations of the central nervous
system, while being quite rare, tend to occur more com-
monly in the course of HD than with any other hema-
tological neoplasm. Paraneoplastic cerebellar degenera-
tion (PCD) and paraneoplastic limbic encephalitis (PLE)
are two distinct syndromes that deserve mention. HD is
the most common hematologic malignancy associated

with PCD,125 which occurs in about 0.5% of patients
with HD.126 It has been reported in all phases of the dis-
ease and is characterized by the symptom complex of
dysarthria, nystagmus, ataxia, and intention tremor.
The pathogenesis involves Purkinje cell destruction in
the cerebellum by antineuronal antibodies such as anti-
Tr antibodies127,128 and anti-mGluR1 antibodies129 in
HD. PLE is more infrequent than PCD, and HD accounts
for 4–7% of this rare disorder.130 While anti-Hu and
anti-Ta antibodies have been described in patients with
PLE in the context of other solid tumors, no specific
antibodies have been identified in patients with PLE in
the setting of HD. Personality changes, depression,
memory loss, cognitive impairment, and occasionally
psychosis are the predominant clinical manifestations.
Prognosis is poor, and neurological improvement is
rare.

As a group, peripheral neuropathy is probably the
most common paraneoplastic manifestation of hemato-
logical malignancies, most often occurring in patients
with lymphoma. In the majority of cases, these neu-
ropathies tend to be a direct consequence of the cancer
(nerve compression by tumor, immunoglobulin deposi-
tion, or treatment toxicity) rather than paraneoplastic.
However, when it occurs, paraneoplastic neuropathy
can manifest either as an indolent process, as in chronic
inflammatory demyelinating polyneuropathy, or in a
more acute fashion as Guillain-Barre syndrome.131–133 In
patients who have high monoclonal paraprotein IgM in
the setting of either Waldenstrom’s macroglobulinemia,
multiple myeloma, or occasionally NHL, a debilitating
peripheral neuropathy can develop as a consequence of
anti-myelin associated glycoprotein antibodies (anti-
MAG antibodies).134 A variety of therapies have been
used with limited success in the treatment of these neu-
ropathies and include IVIg, plasmapheresis, corticos-
teroids, cyclophosphamide, fludarabine, interferon,
and rituximab.

MISCELLANEOUS

Nonbacterial or marantic endocarditis was noted in
19% of asymptomatic patients with HD or NHL.135 The
thrombotic rate was also increased in these patients,
suggesting a hypercoagulable state. 

Hypercalcemia occurs in 0.3–0.4% of patients
with lymphoma.136 While it is more common with
adult T-cell leukemia/lymphoma, it can also be seen
with HD and B-cell NHL. A variety of mechanisms,
including parathyroid hormone-related peptide,
Il-6, TNF,137 prostaglandins, and elevated levels of
vitamin D3,

138 have been postulated as being etio-
logic. Therapy is similar to that used for other forms
of hypercalcemia.

Another rare disorder is recurrent angioedema of
the face, larynx, extremities, and occasionally scrotum
due to acquired C1 esterase-inhibitor deficiency.139 It is
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usually associated with indolent B-cell lymphoprolifer-
ative disorders, commonly with lymphoplasmacytoid
differentiation and paraprotein secretion, and can pre-
cede the diagnosis of lymphoma by several years.140

Laboratory testing reveals low C1 esterase-inhibitor
activity, low C4 and C3, and low C1q levels. 

Rare cases of cholestatic jaundice without evidence
of intrahepatic disease may occur in NHL and
HD.141,142 The so-called “vanishing duct” syndrome,
characterized by extrahepatic obstruction without
intrahepatic ductal dilatation, eventually culminates
in hepatic failure and carries a poor prognosis.143,144

There are several case reports of vasculitis associated
with lymphoproliferative disease, including Wegener’s
granulomatosis and Churg-Strauss disease, temporal
arteritis, and cryoglobulinemia.

THROMBOCYTOPENIA

A low platelet count often is present in a person with
acute leukemia, either from bone marrow replacement
or from the bone marrow suppressive effects of the
leukemia itself; from platelet consumption as a sequela
of the disease or infection; or from the myelosuppres-
sive effects of antileukemic chemotherapy. The inci-
dence of serious spontaneous hemorrhage increases
when the platelet count falls below 10,000/mm3, and
this should be the threshold for platelet transfusions in
the absence of bleeding. Using a platelet count of
10,000/mm3, as opposed to a count of 20,000/mm3,
results in a similar incidence of bleeding complications
and a 21.5% reduction in platelet use.145
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FERTILITY ISSUES IN THE 
HEMATOLOGIC MALIGNANCIES
Ashok Agarwal and Tamer M. Said

INTRODUCTION

Young adults diagnosed with cancer are living longer
than ever due to improved treatment regimens. The 5-
year survival rate for certain subtypes of leukemia and
Hodgkin’s and non-Hodgkin’s diseases, for example,
has dramatically increased to 75%–90%.1 However, the
neoplastic disease per se and/or its treatment com-
monly impair fertility, leaving many patients unable
to bear healthy, biological children.

Hematologic malignancies, in particular, can
adversely affect fertility in a number of ways. Since
these diseases generally involve the hypothalamus
and pituitary, they can directly affect gonadotropin
secretion, resulting in secondary hypogonadism and,
hence, defective sperm formation and infertility. In
addition, chemotherapy and radiation therapy—both
being used to treat hematologic malignancies—are
toxic to the male and female gonads. Even if fertility
does not decline as a result of therapy or returns nat-
urally, patients can still be rendered sterile by cyto-
toxic therapy, as these drugs can cause genetic muta-
tions in germ cells.2 Similarly, any cytotoxic therapy
administered to pregnant women has the potential
for serious teratogenic consequences on the fetus (see
Chapter 106). 

IMPACT OF MALIGNANCY ON THE
REPRODUCTIVE SYSTEM

In the past, infertility associated with malignant disease
was considered a side effect of the drugs and radiation
used during the course of treatment. However, this view
is changing due to strong evidence that decreased fertil-
ity sometimes exists before the treatment starts. In a
study conducted on 158 male patients with Hodgkin
lymphoma,3 severe damage to fertility was observed in
21% cases before treatment. The decrease in fertility was
most prominent in patients with an elevated erythro-
cyte sedimentation rate (ESR) and in those with
advanced disease. In another study, semen analysis

showed that 70% of male patients with Hodgkin lym-
phoma had reduced fertility before therapy.4

The effect of Hodgkin lymphoma on testicular func-
tion does not involve local tumor or metastasis. Instead,
the disease may lead to structural abnormalities in the
testicular parenchyma, such as tubular hyalinization.5

These changes may be caused by an immune-mediated
disorder that alters the balance between distinct subpopu-
lations of lymphocytes, which normally inhibit or stimu-
late the production of spermatozoa. However, this
hypothesis requires further testing.6 In addition, cytokines
(e.g., interleukins and tumor necrosis factor) that are
secreted by tumor tissue may be partly responsible for the
impaired testicular function seen in patients with
Hodgkin’s disease.7

In general, malignancy is associated with an
increased catabolic state and malnutrition. Therefore,
most patients experience weight loss and decreased
reproductive capacity. In addition, hypothalamic dys-
function can occur and pituitary gonadotropin levels
can fall, thus affecting the fertility.8 Stress hormones
may further reduce fertility by leading to a rise in pro-
lactin and endogenous opiate secretion, which in turn
suppress gonadotropins.9

GONADAL TOXICITY FOLLOWING
MALIGNANCY TREATMENT

In addition to Hodgkin and non-Hodgkin’s lymphoma,
acute lymphocytic leukemia and acute myeloid leukemia
are among the most common neoplastic disorders dur-
ing the reproductive years.10 As the mortality rate
decreases and the survival rate increases, the conse-
quences of cancer treatment vis-a-vis impaired fertility
are more frequently encountered.

SUSCEPTIBILITY OF THE MALE GONAD 
TO CANCER TREATMENT
Testicular architecture
Chemotherapeutic agents enter testis via blood vessel
plexus in the interstitial region. Although the Sertoli
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cells usually maintain a protective barrier between the
blood and the testicular germ cells, many chemothera-
peutic drugs can severely interrupt the integrity of this
barrier.

Germ cells that do actively differentiate are more
susceptible to cytotoxic injury, resulting in necrosis,
whereas testicular somatic cells are affected only in
function. As a result, cytotoxic therapy can deplete
germ cells to the point where the seminiferous tubules
contain only Sertoli cells. The depletion occurs in a
time-dependant manner because late-stage germ cells
(spermatocytes onward) are relatively more resistant.
However, studies in rodents revealed that these late-
stage cells are susceptible to mutagenesis, and any
mutations in their DNA can be passed on to the next
generation.11 Surviving stem cells can remain in the
testis, but will fail to differentiate into mature sperma-
tozoa for several years after cytotoxic abuse. The even-
tual recovery of sperm production depends on the sur-
vival of the spermatogonial stem cells, as well as on
their ability to differentiate.12

The effects of cancer therapy on testicular architec-
ture vary with the patient’s age and pubertal status. It
was initially thought that the testicles of pre- and peri-
pubertal males were less vulnerable to toxic effects
induced by treatment. However, it is now clear that
these patients experience as much testicular structure
damage following chemo/radiotherapy as adults.13

Hormonal imbalances
The loss of germ cells exerts secondary effects on the
hypothalamic-pituitary-gonadal axis. Germinal apla-
sia reduces the size of the testes. Consequently, testic-
ular blood flow decreases, thus reducing the testos-
terone levels in the circulation.14 Because testosterone
is a negative regulator of luteinizing hormone (LH),
which is secreted by the pituitary, and LH is the pri-
mary stimulator of testosterone synthesis by the
Leydig cells, LH increases to maintain constant serum
testosterone levels. In addition, inhibin secretion by
the Sertoli cells declines and, as inhibin limits follicle-
stimulating hormone (FSH) secretion by the pituitary,
serum FSH levels tend to rise. 

SUSCEPTIBILITY OF THE FEMALE GONAD 
TO CANCER TREATMENT
Ovarian architecture
Histological sections of ovaries exposed to cytotoxic
drugs show a spectrum of changes, ranging from
reduced number of follicles to no follicles and fibrosis.15

The exact incidence of premature ovarian failure (POF)
after chemotherapy is difficult to establish because
there are many contributing factors. Depending on the
type of chemotherapy regimen used, the incidence of
amenorrhea ranges from 0% to 100%.16 Cytotoxic drugs
may impair follicular maturation and/or deplete pri-
mordial follicles.15,17 Temporary amenorrhea occurs
when cytotoxic drugs destroy maturing follicles,

whereas permanent amenorrhea or POF occurs when
all primordial follicles are destroyed. The close struc-
tural and functional relationship between the oocyte
and the hormone secreting-granulosa cells makes it
difficult to identify an exact target for cytotoxic drugs.
The destruction of one leads to the demise of the
other. 

Hormonal imbalances
Unlike male germ cells, female germ cells proliferate
only during prenatal life; after birth, these progres-
sively decrease in number due to apoptosis, and ovula-
tion. Germ cells inside the female gonad do not prolif-
erate, whereas the somatic cells do. Radiation and
chemotherapy induce oocytes to undergo apoptosis,
which reduces the number of germ cells,18 resulting in
estrogen insufficiency. Therefore, when follicles are
destroyed by cytotoxic therapy, the frequency of
menses decreases and amenorrhea commonly occurs.
Irreversible ovarian failure and menopause occur if the
number of follicles falls below that is required for men-
strual cyclicity.

EFFECT OF MALIGNANCY TREATMENT ON FERTILITY
Post-treatment of Hodgkin’s lymphoma in men with
chemotherapy results in testicular germ cell aplasia
and decreased libido.5 The seminiferous epithelium
inside the testes is most sensitive to the detrimental
effects of chemotherapy. Therefore, after treatment
with gonadotoxic agents, patients may be rendered
oligozoospermic or azoospermic. Because testosterone
production by the Leydig cells remains unaffected,
patients still develop normal secondary sexual charac-
teristics.19 However, treatment with high, cumulative
doses of gonadotoxic chemotherapy can lead to Leydig
cell dysfunction.

Doses as low as 0.1 Gy to 1.2 Gy can have detectable
effects on spermatogenesis in adult males, with doses
over 4 Gy causing more permanent effects.20 Somatic
cells are more resistant to chemotherapy and radiation-
induced damage than are germ cells. Indeed, Leydig
cell dysfunction is not observed until doses of 20 Gy
are administered to the prepubertal boy and up to 30
Gy in sexually mature males.21 Testosterone produc-
tion is therefore relatively preserved below these doses.
Thus, many patients develop normal secondary sexual
characteristics despite a severe impairment of sper-
matogenesis.

Young patients with a hematological malignancy
are often treated with bone marrow transplantation
(BMT).22 During BMT, patients may be given alkylating
agents and receive total body irradiation for condi-
tioning, both of which result in POF, hormonal distur-
bances, and eventually, infertility.23 Long-term female
survivors treated with total body irradiation and BMT
are at risk for ovarian follicular depletion and impaired
uterine growth and blood flow, in addition to early
pregnancy loss and premature labor if pregnancy is
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achieved.24 Because women aged above 30 years face a
higher incidence of POF following chemotherapy,
their treatment regimens should contain fewer alkylat-
ing agents.25

A study that documented the late effects associated
with treatment of early Hodgkin’s lymphoma revealed
that 43/191 men and 16/149 women had sought med-
ical advice for infertility, while 57/191 men and
54/149 women were able to parent children. In addi-
tion, sexual activity was disrupted in 25.8% of cases.26

TRANSMISSION OF GENETIC MATERIAL
Radiation and several alkylating agents can produce sin-
gle-gene mutations and chromosomal translocations in
spermatogonia.27 The persistence of a mutation depends
mainly on its location. Mutations that occur early in
stem spermatogonia will produce mutation-carrying
sperm for the lifetime of the male, whereas those occur-
ring in later stages of spermatogenesis will only lead to a
mutation-carrying sperm for a few months.11 Meiotic
and post-meiotic germ cells are more susceptible to
mutations than are stem spermatogonia. Therefore, the
mutational risks are highest when a pregnancy occurs
within one spermatogenic cycle after the male is
exposed to the damaging agent.11 In females, most alky-
lating agents and a variety of other chemotherapeutic
drugs induce chromosome aberrations or other muta-
tions in developing oocytes that result in embryonic
death.27

Although sperm DNA integrity can vary greatly
among cancer patients, patients with Hodgkin’s and
non-Hodgkin’s diseases generally have a significantly
higher prevalence of DNA damage than healthy
men.28 Sperm DNA damage can be assessed with a vari-
ety of techniques,29 but none can definitively deter-
mine whether the mutations will be passed onto any
offspring.

POTENTIAL FOR FERTILITY FOLLOWING
MALIGNANCY TREATMENT

RESTORATION OF FERTILITY
Sperm quality may naturally improve after cancer
treatment. However, some defects may persist. The
incidence of infertility in men who have recovered
sperm production following cytotoxic therapy is gen-
erally not higher than that of the general population.
An interesting case report30 has documented paternity
following bone marrow conditioning and transplanta-
tion in a patient with acute myeloid leukemia. For the
first time, the preservation of fertile sperm was seen
despite the use of chemotherapy. Cancer patients with
sperm counts below normal (oligozoospermic) are still
capable of having children.31 Similarly, infertile
women who have menstrual dysfunction following
cytotoxic therapy may be treated for menstrual dys-
function and infertility in a manner similar to that of

the general population. However, the risk of an
adverse pregnancy outcome is higher in these women,
and they may require closer observation.32

ASSISTED REPRODUCTIVE TECHNIQUES
The reproductive capacity of individuals undergoing
malignancy treatment can be preserved by cryopre-
serving the gametes and using assisted reproductive
techniques (ART) when pregnancy is desired.33 When
non-cryopreserved spermatozoa are used in combina-
tion with intrauterine insemination (IUI), in vitro fer-
tilization (IVF), and intracytoplasmic sperm injection
(ICSI), clinical pregnancy rates of 30–40% per cycle
and delivery rates of 30% can be expected at most
reproductive clinics. On the other hand, cryopreserved
sperm from cancer patients results in complete preg-
nancies in only 18% of cycles.34 Similarly, autologous
cryopreserved embryos from in vitro-fertilized oocytes
can be successfully implanted after cytotoxic therapy if
the patient can undergo ovarian hyperstimulation
before therapy.35

Men who remain azoospermic long after chemother-
apy may benefit from testicular sperm extraction (TESE)
combined with intracytoplasmic sperm injection (ICSI).
The potential for sperm retrieval is not clearly affected
by the chemotherapy regimen or by the disease
treated.36 Therefore, men should not be considered ster-
ile despite prolonged non-obstructive azoospermia after
undergoing chemotherapy.

OPTIONS FOR FERTILITY PRESERVATION

SEMEN CRYOPRESERVATION
With the advancement of ART, all men diagnosed with
cancer should be offered the option of semen cry-
obanking, a procedure that provides the only reason-
able chance of establishing pregnancy after therapy.37

Semen cryopreservation is a widely available and inex-
pensive option (� $1000) that yields good results. 

Patients diagnosed with cancer used to be consid-
ered poor candidates for sperm cryopreservation
because they present with disease-induced suboptimal
semen quality and cryosensitivity. Men with Hodgkin’s
lymphoma have pre-freeze and post-thaw sperm qual-
ity that is below normal.38,39 However, as a general rule,
there is no cancer group for which sperm cannot be
retrieved and stored.40 Even the absence of spermato-
zoa in semen should not prevent physicians from
attempting to preserve a patient’s fertility. In many
cancer patients who suffer from azoospermia before
treatment, testicular sperm extraction “Onco-tese” may
be successfully attempted (unilateral or bilateral), and
the retrieved sperms may be cryopreserved for future
use.41

Almost 40% of patients who cryopreserve their
semen may have a healthy live birth using ART.33

Based on the experience at the Cleveland Clinic in the
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last two decades, the percentage decline in semen
quality (from pre-freeze to post-thaw) in patients with
cancer shows a similar trend that of normal donors.
This suggests that the effect of cryodamage on sperma-
tozoa from patients with cancer is similar to that of
normal donors.42,43 Cryopreserving semen after the
start of therapy can adversely affect their chromoso-
mal structure, causing de novo mutations, but should
still be attempted if the imperativeness of starting ther-
apy outweighs the chance for cryopreservation, as
viable sperm may still be recovered. Therefore, it is
crucial to cryopreserve sperm before chemotherapy or
radiotherapy and also to advocate the use of contra-
ception during therapy and for 6 months after. 

Only a small percentage of patients (� 10%) who
bank their spermatozoa before chemotherapy or radio-
therapy return for assisted reproduction.44–46 This find-
ing may be explained by several reasons: recovery or
waiting for possible resumption of spermatogenesis,
short period from original illness, anxiety regarding
potential risks for the children, and uncertainty about
long-term health and, therefore, suitability to be par-
ents.42 However, trends have started to change, and
awareness of sperm banking has increased over the
past 4 to 5 years, coinciding with the advent of ICSI. 

In males with cancer, the extent of sperm DNA
damage plays an important role in determining how
semen should be cryopreserved before therapy begins.
Specimens with high sperm concentration and motil-
ity and low levels of DNA damage can be preserved in
relatively large aliquots suitable for IUI. If a single spec-
imen of good quality is available, then it should be
preserved in multiple small aliquots suitable for IVF or
ICSI.28

TESTICULAR TISSUE HARVESTING
Although spermatogenesis does not occur in prepuber-
tal testes, and prepubertal testes do not produce
mature spermatozoa, these do contain the diploid
stem germ cells from which haploid spermatozoa can
be derived. Therefore, testicular tissue can be harvested
from a biopsy and stored either as a tissue section or as
isolated germ cells, before cancer therapy. Following
cure and on entering adulthood, this tissue can be
thawed and used to produce offspring in either of the
two ways: the stored germ cells can be re-implanted
into the patient’s own testes to restore natural fertility,
a procedure known as germ cell transplantation, or the
stored stem cells can be matured in vitro until they 
are able to achieve fertilization via ICSI.47 Although
these two measures have been the subject of intensive
research in the last decade, further refinements in the
protocols may still be needed before they can be used
routinely in clinical practice. 

Germ cell transplantation
Germ cells isolated from the testes of donor male mice
can repopulate immunologically compatible testes

when injected into the seminiferous tubules of recipi-
ent animals; the recipients show normal morphologi-
cal features characteristic of the donor species.48

Similarly, mouse germ cells transplanted into the testes
of infertile mice colonize the recipient seminiferous
tubules and initiate donor spermatogenesis in more
than 70% of recipients.49 The most striking result of
these experiments was that healthy offspring (by mat-
ing) were produced from spermatozoa generated
within the recipient testes by donor germ cells.

Establishing a successful method for testicular stem
cell transplantation of frozen, thawed testicular cells
would be of immense benefit to boys with childhood
cancer undergoing sterilizing treatment. It is possible
to reinitiate spermatogenesis after cryopreservation of
testicular germ cell suspensions. Although cell survival
is acceptable, current protocols need further improve-
ment.50 Male germ cells obtained before chemother-
apy can be frozen and, after thawing, can be trans-
planted into animals to maintain the entire genetic
information of the donor for a limited period. 

Before stem cell transplantation can be considered
for preserving the fertility of pre-pubertal boys, two
issues must be carefully examined.51 First, the testis
biopsy taken from the cancer patient may contain
malignant cells. These cells must be removed from the
cell suspension because studies in rats have shown that
one single malignant cell can reintroduce the disease.
Second, the cell suspension consists of all testicular
cells, and the proportion of spermatogonial stem cells
is low (estimated at 1/5000).52

In vitro maturation
In vitro germ cell maturation would be particularly
useful in patients who have received extremely
gonadotoxic therapy and in whom the supporting
Sertoli cells would be unable to support spermatogene-
sis. Mouse spermatogonial stem cells can survive up to
4 months in culture and retain their ability to com-
mence spermatogenesis following transplantation into
a recipient.53 However, it appears that current methods
for in vitro maturation of diploid stem cells into hap-
loid spermatozoa are not well developed. Ongoing
research may improve their feasibility.

OOCYTE CRYOPRESERVATION
Although successful fertilization and embryonic cleav-
age have been reported after injection of cryopreserved
thawed oocytes, the pregnancy rate is not high
enough to justify its routine use in clinical practice.54

The main reason for poor outcomes after oocyte cry-
opreservation is related to the oocyte’s structural com-
plexity. Oocyte subcellular organelles are far more
complex and perhaps more sensitive to thermal injury
than preimplantation embryos. Oocyte donation may
be considered in cases characterized by complete ovar-
ian follicular depletion. However, the presence of
other factors, such as uterine impairment, would be of
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major concern. In addition, complications during
pregnancy and pre-term deliveries would be expected
in these cases.55

OVARIAN TISSUE CRYOPRESERVATION
Ovarian tissue banking in humans is being considered
to restore fertility in patients who lose ovarian function
because of chemotherapy or radiotherapy.56 Ovarian
tissue cryopreservation and transplantation was first
examined in rodent studies and then in sheep and
human ovarian xenograft studies.57 However, no preg-
nancies have been reported in humans from the use of
cryopreserved ovarian tissue. Although promising,
there is a theoretical risk that malignant stem cells will
be reimplanted along with the thawed cryopreserved
ovary.58,59 With the publication of promising data
from humans, ovarian tissue cryopreservation from
selected patients before cancer treatment and in those
requiring oophorectomy may be advocated. However,
this option is currently under experimental evalua-
tion, and few centers offer this to patients.

EMBRYO CRYOPRESERVATION
Embryo cryopreservation was introduced to maximize
the chances of conception during a single menstrual
cycle. Cryopreservation of preimplantation embryos is
currently an integral part of patient care in clinical
practice. This option may not be socially acceptable in
prepubertal females and adolescents. However, accept-
able, long-term data are available about the outcome
of children born from these procedures.60

CHOICE OF CYTOTOXIC REGIMENS
Currently, treatment regimens for hematologic malig-
nancy include a variety of chemotherapeutic agents, all
of which affect reproductive functions differently. For
young patients, agents with minimal toxicity but max-
imal therapeutic effect are selected. For example, NOVP
(Novantrone (mitoxantrone), Oncovin (vincristine),
Vinblastine, Prednisone) may be preferred over MOPP
(nitrogen mustard, vincristine, procarbazine, and pred-
nisone) for the treatment of Hodgkin’s lymphoma.
Although NOVP markedly affects spermatogenesis,
sperm production recovers rapidly after treatment, usu-
ally within 3 to 4 months. This rapid recovery is due to
the fact that NOVP chemotherapy damages spermato-
genic germ cells rather than inhibiting stem cells.61

Similarly, ABVD (adriamycin, bleomycin, vinblas-
tine, and dacarbazine) is used to treat Hodgkin’s
disease instead of MOPP because the former dramati-
cally reduces gonadal toxicity.62 VAPEC-B (adri-
amycin, cyclophosphamide, etoposide, vincristine,
bleomycin, and prednisolone), which is used in the
treatment of non-Hodgkin’s lymphoma, minimizes
the dose of cyclophosphamide and therefore results in
less gonadal failure than CHOP-Bleo (cyclophos-
phamide, adriamycin, Oncovin (vincristine), pred-
nisone, bleomycin).63

GONADAL SHIELDING
The gonads must be outside the field of radiation or
shielded from the direct radiation beam unless they
are being irradiated directly as a result of actual or
potential neoplastic involvement. Although gonadal
shields can reduce the amount of radiation two- to
fivefold, some radiation may still reach the gonads. For
example, the gonads typically receive 2 to 3 Gy with
an inverted Y-field, which is used for Hodgkin’s dis-
ease.64 To minimize ovarian exposure, oophoropexy
may be performed to relocate the ovaries away from
the direct beam.65,66 Laparoscopic oophorpexy may be
of benefit in cases of Hodgkin’s disease, if performed
before pelvic irradiation.67

MEDICAL TREATMENT
Hormones
When testosterone suppressors such as gonadal
steroids, GnRH analogs, and antiandrogens were used
before and during cytotoxic therapy in male rats, they
enhanced the recovery of spermatogenesis and fertil-
ity.68 These suppressors may work by enhancing the
potential of the somatic cells in the testis to support
the recovery of spermatogenesis.69 For a while, it was
assumed that recovery of stem spermatogonia cells
could possibly be stimulated after prolonged periods of
iatrogenic azoospermia, but research does not support
this theory. Hormone treatment given before and dur-
ing cytotoxic therapy was found to protect spermato-
genesis in only one of eight clinical trials.40

Gonadotropin-releasing hormone (GnRH) agonists
may protect ovarian function from the effects of
cyclophosphamide71 by decreasing the recruitment of
primordial follicles. Strong evidence supports the use
of GnRH agonistic analogues to minimize the gonado-
toxic effect of chemotherapy because they induce a
pre-pubertal milieu.59,72 However, the feasibility of
using oral contraceptives or GnRH agonists to protect
women against ovarian damage has not been estab-
lished.73 Another hormone, medroxyprogesterone,
helps protect primordial follicles from the acute toxic
effects of chemotherapy. Nevertheless, the quality of
the follicles will be impaired, and many will undergo
atresia, resulting in a shortened fertility period.74

Hormone replacement therapy (HRT) should be
considered in young pre-menopausal women who
have developed ovarian failure due to malignancy or
cancer treatment.75 Even with the use of HRT, though,
uterine size can decrease by 40%.24 Importantly, any
residual ovarian function remaining after chemother-
apy is considered a good prognostic sign because the
ovaries may be stimulated with steroid hormones
and/or gonadotropins.76

Anti-apoptotic drugs
Oocytes exposed to chemotherapeutic agents in
vitro undergo various changes leading to apopto-
sis.77 Because a series of specific signaling events are
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activated in the cell that is bound for apoptosis,
inhibiting these signaling events could potentially
stop the apoptotic process and protect the patient
from POF. Sphingosine-1-phosphate is an example of
an apoptotic inhibitor. The oocytes of mice that had
been treated with sphingosine-1-phosphate therapy
resisted apoptosis that was induced by doxorubicin.78

This concept offers a promising experimental alterna-
tive to guard against apoptosis. With the eventual
identification of the molecular and genetic framework
of chemotherapy-induced germ cell death, apoptotic
inhibitors may some day play a role in preventing
oocyte loss.

ETHICAL AND LEGAL ISSUES

Options for future fertility following cancer treatment
must be considered in the patient’s best interests.
Thus, the advantages of any intervention or of an
active decision not to intervene must outweigh any
disadvantages, both in the short and long term. Any
intervention intended to preserve fertility must have a
sound evidence base as well as moral provenance. It
should neither raise unrealistic expectations, nor have
long term adverse effects on the patient or his or her
offspring.79

Informed consent should be given voluntarily by a
competent person. However, in view of the complexity
of the issues surrounding fertility preservation, the
anxieties of both patients and their families at the time
of diagnosis, and the limited time for discussion due to

the urgency of commencing treatment, the validity of
such consent may be impaired. The first stage of con-
sent is for the collection and storage of the germinal
tissue or gametes. The second stage is for use of the
collected material for fertilization. In addition, it is
important to consider what will happen to stored
cells in the event of divorce or the patient’s death.
While some would advocate destruction of the tissue
in the latter situation, others have suggested allow-
ing the parents to donate the tissue for research
purposes.80

SUMMARY

Patients with hematologic malignancies have impaired
fertility indirectly as a result of necessary cytotoxic
treatment regimens. The deterioration in fertility
potential may be temporary or permanent. However,
the decreasing mortality rate and the increasing sur-
vival rate as a result of effective treatment have made
fertility issues more frequently encountered.

A variety of measures may be used to minimize the
deleterious effects of malignancy and its treatment on
the human fertility potential. Moreover, assisted repro-
ductive techniques in combination with our rapidly
evolving understanding of cryobiology offer encourag-
ing measures to preserve productiveness following
malignancy treatment. These measures should be con-
sidered in young adults, and patients should be coun-
seled regarding the pros and cons of each of the available
options for fertility preservation. 
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INTRODUCTION

Patients presenting with hematologic malignancies
experience multiple symptoms while also confronting
the emotional distress of a newly diagnosed life-threat-
ening illness. Most will notice reduced physical func-
tioning prior to admission. Many will also note a change
in their role within the family structure as they become
more dependent because of the symptoms. Overall qual-
ity of life is significantly impaired compared to the age-
matched normal population.1 Pain and fatigue will
improve with successful treatment and approximate the
normal population at 3 months. However, physical and
role (social) functioning within the family remains sub-
stantially below premorbid levels despite successful ther-
apy.1 Other symptoms at diagnoses include fever from
infections, bleeding, and weight loss.2 Weight loss is par-
ticularly evident in patients with myeloma and amyloid
or in individuals who have primary amyloidosis.3 Little
is written about the presenting symptoms associated
with acute leukemia. Some of the reported symptoms
include fatigue, fever, bleeding, and pain. The pain from
acute leukemia is more generalized than the pain that
occurs with myeloma, and more frequently centered in
the chest.4

Symptoms near the end of life for hematologic malig-
nancies in general are protean. Dyspnea occurs due
to cardiac insufficiency (perhaps from comorbidities,
anthracycline toxicity, or radiation), fevers from infec-
tions, and hyperleukocytosis, which can cause neuro-
logic deficits and hypoxemia. Lymphangitic tumor infil-
tration with pain and shortness of breath, pulmonary
fibrosis, mediastinal adenopathy with atelectasis, pleural
effusion, and growing tumor masses add to dyspnea,
pain, and debility.5 Fevers occur in 40% of acute
leukemia patients near the end of life. Severe pain is pre-
sent in 27%. Abdominal pain is present in 60%, bone
pain in 30%, and thoracic pain in 10%.5 Clinical evi-
dence of bleeding occurs in 20%, excluding ecchymosis

and petechiae. Delirium will be present in at least 25%,
with the incidence steadily rising as death approaches.
Mucositis will be a major problem in 9%.5

Chemotherapy will be given to 46% as palliation
in the terminal phase, either for hyperleukocytosis or
painful compressive lymphadenopathy. Many will
receive short courses of radiation for the same reason.
Antibiotics will be prescribed in nearly half. Blood
transfusions, particularly red blood cells, will be given
to 40% in the terminal phase of their illness.5 Patients
will be on opioids (27% of patients), steroids (40%),
and benzodiazepines (90%), all of which will be neces-
sary to palliate symptoms but will also increase the risk
of delirium. A Do Not Resuscitate (DNR) order will be
written in only 38% despite the fact that deaths are
anticipated in nearly 80%.5

Many patients with acute leukemia in the terminal
phase will have clinically evident (wet) bleeding (44%),
fever with infections (71%), and bone pain (76%).4 One
quarter will have oral pain and dysphagia and over
one-third of patients will have problems with nausea
and vomiting.4 Such symptoms will preclude oral opi-
oids for pain control. Many patients will have central
lines for parenteral infusion, while a minority without
venous access will be given subcutaneous opioids.4

Rectal administration of medications, commonly used
in hospice, is avoided because of the risk of infections
and bleeding. As a result, the versatility of palliative
medications is limited by the disease process.

Unadjusted survival for leukemia and lymphoma
patients entering hospice programs is much shorter
than that for the patients with solid tumors. In 1996,
the median survival for patients with hematologic
malignancies after hospice enrollment was 23 days,
and 20% died within 7 days.6

Patients with hematologic malignancies have a
greater chance of dying within the hospital compared
to patients with solid tumors7. In South Australia, all
leukemia patients died in the hospital and few received
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palliative consults for managing symptoms at the end
of life.7 On average, the risk of dying within a hospital
is four times that of solid tumor patients. Patients with
hematologic malignancies have the lowest enrollment
in hospice programs per disease category.8 This may in
part be because of the reluctance of hospice programs
to administer blood transfusions, a treatment consid-
ered palliative by most physicians specializing in the
hematologic malignancies.

SYMPTOMS AND MANAGEMENT

LOCAL SYMPTOMS
Pain
Pain will be experienced by most patients with advanced
cancers, and hematologic malignancies are no excep-
tions.9 Myeloma pain is well localized, whereas acute
leukemia often is associated with more generalized pain,
as previously discussed. Neuropathic pain will occur in
myeloma because of the development of amyloid, spinal
cord compression, leptomeningeal metastases, or due to
myelin-associated monoclonal proteins.10 As a general
rule, two-thirds of the pain syndromes in cancer patients
are directly related to cancer and one-third are related to
treatment. However, many of the chemotherapy agents
used to treat hematologic malignancies produce neuro-
pathic pain (e.g., thalidomide, now popular in the treat-
ment of myeloma). Mucositis is treatment related, and is
a major cause of pain during induction chemotherapy
and periods of myelosuppression. This is particularly
true for high-dose antimetabolites such as methotrexate
or cytosine arabinoside, and high-dose melphalan used
as preparation for stem cell transplantation (SCT) in
myeloma. Graft-versus-host disease will produce a
mucositis and oral pain, which can persist.

Pain intensity is easily “quantified” by using unidi-
mensional pain scales such as the visual analogue scale,
the numerical scale, and the category scale.9,11 Older
patients are usually able to complete a category scale by
rating pain as none, mild, moderate, or severe. Either
the category scale or even a pictorial face scale can be
used by those with moderate cognitive impairment.9

Pain intensity is influenced by mood, perceived mean-
ing of pain, and psychological state (depression, delir-
ium, or anxiety), and is not the same as nociception.
Pain syndromes that are resistant to opioids include
neuropathic pain, cutaneous pain, incident flares of
pain, and colic.9,12

The evaluation of pain by most physicians is subop-
timal.13–15 Assessment requires a good pain history,
which requires evaluating pain intensity, location,
radiation, palliative factors, and referral, as well as
response to prior treatments. In addition, the physi-
cian should understand the influence of pain on daily
activities (pain interference). Multidimensional pain
tools such as the Brief Pain Inventory are available for
this purpose.16

As pain is a multidimensional experience, treat-
ment should include both nonpharmacologic and
pharmacologic therapies.9 The reduction of anxiety,
depression, and delirium with supportive psychother-
apy, cognitive behavioral therapy, and medications
will increase pain thresholds and reduce pain inten-
sity. Surgery and orthodontics, as well as radiation
therapy, should be considered as complementary to
pharmacologic therapy.

Most patients with cancer actually have several
pains. Most have chronic pain with transient flares of
acute pain.17 In approximately one-third, neuropathic
pain will be prominent, though many will have a mixed
pattern of neuropathic and nociceptive pain.18 Both the
type of pain, pain intensity, and the temporal nature of
pain govern the analgesic dosing strategy. Therapy
needs to be individualized.19,20 Opioids should be used
for moderate to severe pain.19,20 Eighty percent of
patients with severe pain will have pain controlled by
morphine or other potent opioids. Opioid titration to
response is a cardinal principle of treatment. An effec-
tive drug will be ineffective if underdosed; potent opi-
oids do not have a ceiling dose. Twenty percent of
patients will require a complex approach to pain man-
agement of opioid (route) conversion, opioid rotation
to an alternative opioid, opioid sparing (by adding an
adjuvant analgesic), or maintenance of opioid dosing
with simultaneous treatment of opioid side effects (par-
ticularly in those who are actively dying).9,21,22 Most
mistakes in dosing occur with (1) failure to give around-
the-clock doses; (2) failure to provide breakthrough
doses for transient flares of pain; (3) failure to titrate to
response; (4) combining different opioids at less than
optimal levels; (5) failure to use adjuvant analgesics
effectively; and (6) failure to recognize and treat opioid
side effects and proactively prevent constipation with
laxatives.23

Several factors play a role in opioid choices: effi-
cacy, versatility, drug interaction, therapeutic index,
availability, cost, and organ function. Opioid ago-
nist/antagonists, nalbuphine, butorphanol, and
meperidine should not be used.9,21 The most common
potent opioids in the first-line treatment of cancer
pain are morphine and methadone, fentanyl, hydro-
morphone, and oxycodone if limiting side effects
occur with morphine. 24–28 Low doses of a potent opi-
oid can be substituted for “weak” opioids (by World
Health Organization classification). Choices will
depend upon the patient’s previous opioid experi-
ence, comorbidities (renal and hepatic function), and
comedications. The type of pain does not play a par-
ticularly strong role in the choice of opioids.

Principles to opioid dosing include titration to
response, around-the-clock dosing, provision for res-
cue doses for transient flares of pain, use of sustained
release formulations to improve compliance, proactive
treatment of constipation with stool softeners and lax-
atives, and individualized dosing to pain pattern. 
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Dose titration is based upon the percentage of base-
line dose. Baseline dose should be increased 100% for
pain levels that persist between 7 and 10 on a numerical
scale (in which 0 indicates no pain and 10 represents
the worst pain imaginable) and 50% for pain levels of
5–6.21

Rescue doses are either 100% of the four-hourly
dose, 25–50% of the four-hourly dose, or 5–15% of the
total opioid daily dose.19,21 Both breakthrough pain
and “end of dose failure” pain are a result of subopti-
mal around-the-clock dosing, and the around-the-
clock dose should be increased in order to improve
pain and reduce the number of pain flares during the
day. Incident pain should be titrated separately and
not added to the around-the-clock dose of opioids.

Opioid rotation will successfully manage pain in
those who are experiencing dose-limiting side effects
with opioids (cognitive failure, visual hallucinations,
myoclonus, or intractable nausea and vomiting) and
poorly controlled pain.22 Non-cross-tolerance between
potent opioids is a clinical feature that allows for opioid
rotation. Non-cross-tolerance is related to genetic dif-
ferences in opioid receptors and differences in receptor
conformations induced by the opioid binding to the
receptor. Differences in multiple opioid subtypes and
G-protein interactions also contribute to non-cross-
tolerance.9,22,29 In order to rotate or switch an opioid it
is necessary to understand opioid equivalents (Table
109.1).

Rotations for reasons of uncontrolled pain should
be at equivalent doses and rotations for reasons of side
effects should be at 50–75% of equivalent doses.21

Converting from oral to rectal route should be done at
equivalent doses. Converting the same opioid from
oral to parenteral should be 3:1 for morphine, 2:1 for
oxycodone (if parenteral oxycodone is available), 2:1
for methadone, and 5:1 for hydromorphone (though
some use 2:1 for hydromorphone).

Adjuvant analgesics improve the opioid therapeutic
index either by blocking opioid tolerance (which occurs

with N-methyl-D-aspartate receptor antagonists) or by
facilitating opioid analgesia, as occurs through tricyclic
antidepressants (and enhanced monoamine release).
Adjuvants are used for three reasons (1) a pain patho-
physiology that is less responsive to opioids, such as
neuropathic pain; (2) when opioid side effects occur
and adjuvants allow for reduced opioid doses; and (3) to
diagnose a complex pain syndrome.21 (Table 109.2).

As mentioned previously, supportive psychotherapy,
surgery, radiation therapy, and orthotics are an impor-
tant part of pain management in cancer patients.
Kyphoplasty, as an example, has been found to effec-
tively reduce the mechanical back pain associated with
myeloma and osteolytic vertebral compression frac-
tures.30

Nausea and vomiting
Nausea is common with uncontrolled infections, ele-
vated intracranial pressure, certain medications,
abdominal radiation, chemotherapy, and advanced
cancer independent of treatment.31,32
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Opioid Potency ratio Available routes
compared to 
morphine

Fentanyl 70–100:1 (oral IV/SC/ED/IT
morphine to
parenteral
fentanyl)

Methadone 4–12:1 PO/PR/SC/IV

Oxycodone 1–1.5:1 PO/PR

Hydromorphone 4–6:1 PO/PR/SC/IV/ED/IT

Morphine 1:1 PO/PR/SC/IV/ED/IT

Table 109.1 Opiod equivalents

PO, by mouth; PR, by rectum; SC, subcutaneous; IV, intravenous;
ED, epidural; IT – Intrathecal.

Anti-seizure medications Gabapentin 100 mg TID up to
3600 mg/day
Valproic acid 250–500 mg at
night up to 150 mg/day
Carbamazepine 100 mg BID up
to 1200 mg/day

Tricyclic antidepressants Amitriptyline 10–25 mg at night
up to 150 mg/day
Desipramine 10–25 mg at night
up to 150 mg/day
Nortriptyline 10–25 mg at night
up to 150 mg/night

Nonsteroidal Ibuprofen 200 mg BID up to
anti-inflammatory drugs 800 mg 3 times daily

Naprogen 250 mg twice daily up
to 500 mg 3 times daily

Corticosteroids Dexamethasone 2–4 mg daily up
to 16 mg daily
Prednisone 10 mg daily up to 
60 mg per day

Miscellaneous

Mexiletine 150 mg twice daily up to 450 mg
twice daily

Clonazepam 0.5 mg twice daily up to 20 mg/
day

Lidocaine Trandermal 1–3 daily over 12 h
Patch 5%

Pamidionate 90 mg IV monthly

Zolendronate 4 mg monthly

Drug Dose

Table 109.2 Adjuvant analgesics



The frequency and severity of chemotherapy-induced
nausea and vomiting (CINV) depends upon the type of
chemotherapy, the dose, patient risk factors (for exam-
ple, females and nonusers of alcohol are at higher risk),
and the type of antiemetic regimen. CINV and nausea in
general are major concerns that patients have with
chemotherapy, and a major factor contributing to
noncompliance.33

In the 1980s, high-dose metoclopramide was found
to be effective in preventing CINV from highly eme-
togenic chemotherapy (principally cisplatin). In the
1990s, serotonin receptor antagonists were found to
dramatically reduce acute CINV and were better toler-
ated than high-dose metoclopramide.33 As a result of
their increased use, along with the use of corticos-
teroids, delayed (after 24 h) CINV became more preva-
lent. Delayed nausea and vomiting is experienced by
60% of the patients, whereas acute nausea and vomit-
ing is experienced by 26% despite the use of 5-HT3
receptor antagonists and corticosteroids.34 Though cor-
ticosteroids and 5-HT3 receptor antagonists are more
effective in reducing vomiting than nausea, patients
actually fear nausea more than vomiting.

Physicians are generally compliant with guidelines
for prophylaxis of acute CINV based upon the emeto-
genic potential of individual chemotherapy proto-
cols, but poorly follow the recommendations for pre-
venting delayed CINV.34 Such recommendations
include dexamethasone and either metoclopramide or
a 5-HT3 receptor antagonist for 4 days postchemother-
apy in highly emetogenic or moderately emetogenic
chemotherapy.

Serotonin receptor antagonists reduce nausea and
vomiting associated with radiation, total body radiation,
and high-dose chemotherapy as preparation for SCT, but
do not particularly prevent delayed nausea and vomit-
ing from total body radiation or with SCT. Serotonin
plays a minor role in delayed nausea and vomiting asso-
ciated with highly emetogenic chemotherapy, total
body radiation, and transplant. Substance P may actu-
ally be the more important neurotransmitter.35,36

Responses among the various 5-HT3 receptor antag-
onists tend to be equivalent. Palonosetron, however,
has been found to reduce delayed CINV compared to
first generation 5-HT3 antagonists, probably due to its
long half-life.37–39

The addition of aprepitant, a neurokinin 1 receptor
antagonist, to dexamethasone plus a 5-HT3 receptor
antagonist improves both acute and delayed CINV
relative to dexamethasone and a first generation 5-
HT3 antagonist.40,41 However, the three-drug regimen
has been reported to be effective only in cisplatin or
highly emetogenic regimens, whereas palonosetron is
approved for moderately emetogenic chemother-
apy.39 Initial trials of palonosetron- and aprepitant-
containing regimens were not compared to regimens
that included dexamethasone for delayed CINV.
Combinations of palonosetron, dexamethasone, and

aprepitant have been recommended for moderate to
highly emetogenic chemotherapy, including proto-
cols containing cyclophosphamide, doxorubicin, and
carboplatin in high doses, though this prophylactic
regimen needs to be tested clinically.39 Finally, at least
in a small group of patients receiving moderate to
highly emetogenic chemotherapy, the atypical neu-
roleptic, olanzapine, plus dexamethasone was found
to prevent delayed nausea and vomiting, and this
may be a reasonable regimen for those who have
extrapyramidal reactions to metoclopramide or stan-
dard neuroleptics.37

Mucositis
Mucositis can be dose limiting to chemotherapy or radi-
ation. This can be the worst experience a patient has
during high-dose chemotherapy or SCT.42 Mucositis can
be quite painful, and it can accelerate nutritional deple-
tion, prolong hospital stays, and increase medical
expenditures associated with treatment. Pain severity
follows the degree of observable mucositis. The peak
pain severity and observable mucositis also correlate
with dysphagia. Pain severity and objective mucositis
are used in the National Cancer Institute Common
Toxicity Criteria (Table 109.3).43 Mucositis is also a com-
mon portal of entry for bacteria, particularly in myelo-
suppressed patients, and can lead to bacterial infec-
tions.42 It is the major factor associated with sepsis in
SCT patients.

Factors that predispose to mucositis are the duration
of chemotherapy (more than dose), diurnal variation
in chemotherapy exposure, drug type (greatest with
antimetabolites), and combinations of chemotherapy
with radiation.42 Patient factors include poor oral
hygiene, preexisting xerostomia, hepatic and renal dys-
function, impaired DNA repair capability, poor nutri-
tional status, and pleural or peritoneal effusions (which
act as reservoirs for antimetabolites).42,44,45

Treatment of mucositis Treatment regimens can be cate-
gorized into those which minimize chemotherapy
contact with oral mucosa, modify mucosal epithelium
proliferation, reduce the inflammatory or infectious
complications, and reduce pain42 (Table 109.4).
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0 
 No mucositis
1 
 Painless ulcer, errythema, or mild soreness in the

absence of lesions
2 
 Painful errythema, edema, or ulcers but the pain is such

that patients can swallow
3 
 Painful errythema, edema, or ulcers that prevent swal-

lowing or necessitate hydrate or parenteral nutrition
4 
 Severe ulceration which requires prophylactic intubation

or results in aspiration pneumonia

Table 109.3 National Cancer Institute common toxicity
criteria for myeloablative chemotherapy43



Preventive measures are generally unproven or mar-
ginally helpful.46–49 No particular agent is uniformally
efficacious and accepted as a standard of care. There
are a large number of management practices but little
evidence to base recommendations.45

Mucosal and dental health should be evaluated
before treatment. Periodontal evaluation, and if neces-
sary radiographic examinations (panorex), should be
done prior to considering high-dose chemotherapy,
SCT, or radiation therapy. Dental prosthetics should be
checked for proper fitting. Restoration procedures
should be done 3 weeks before mucotoxic therapy.42

Cultures for herpes simplex may be helpful if pro-
longed neutropenia is anticipated or if mucositis is
prolonged. Xerostomia should be treated to avoid
prolonged chemotherapy contact with oral mucosal
surfaces. Drugs associated with xerostomia, such as
tricyclic antidepressants, should be avoided during
chemotherapy or SCT. Saliva substitutes, sodium bicar-
bonate, milk, or sugarless gum may act as a saliva

“wash” to reduce or dilute oral chemotherapy concen-
trations. Fluoride (stannous fluoride) will reduce den-
tal caries and calcium phosphate oral rinses maintain
enamel.42 Brushing with a soft brush and flossing
should be encouraged except during radiation or mye-
loablative chemotherapy. Foam brushes should be
used during mylosuppression. Removable prosthetics
should not be worn except at meal times.42 Hot, spicy,
coarse foods, fruits, and beverages with high-acid con-
tent or alcohol should be avoided. Smoking should be
discouraged.42

GENERALIZED SYMPTOMS
Fatigue
Fatigue is the most prevalent and one of the most
important untreated cancer symptoms.50–54 (Table
109.5). Fatigue is of primary importance to quality of
life. There is a large discrepancy between the known
importance of fatigue to quality of life and discus-
sions and treatment of fatigue by physicians. Most
oncologists believe that pain affects their patients to
a greater extent than fatigue, whereas most patients
feel that fatigue affects their lives to a greater extent
than pain.55 Even though nearly 80% of physicians
believe that fatigue is both overlooked and under-
treated, 74% of patients believe that fatigue must
simply be endured without any recourse to treat-
ment.55 Half or more of patients do not discuss
fatigue with their hematologist/oncologist and only
27% receive any recommendations about treat-
ment.55 Unfortunately, the most common informa-
tion physicians impart to patients regarding fatigue
are (1) nothing can be done (told to patients 40% of
the time) or (2) increase time spent resting (37% of
the time), both of which are poor advice.50,51 Other
advice includes taking multivitamins or modifying
diet, which again is a poor advice,53 particularly when
considering that fatigue can persist for years in cancer
survivors.53,56

Fatigue has a multifaceted character similar to pain.
This includes a physical, affective, and cognitive dimen-
sion. Patients with fatigue will complain of a lack of
energy, weakness, somnolence, and inability to concen-
trate.57,59 Cancer fatigue does not usually improve with
rest and is unlike fatigue in individuals without can-
cer.53 Fatigue is frequently accompanied by loss of
emotional control (90%), a feeling of isolation (74%),
and dejection (72%).53
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Treatment therapies that alter drug contact with mucosal
surface

Allopurinal
Cryotherapy
Propantheline (etoposide)
Amifostine
Leucovorin (methotrexate)

Therapies that modify mucosal epithelial proliferation
Beta carotene
Tretinoin
G-CSF
GM-CSF
TGF-B
EGF
Keratinocyte growth factor

Therapies that reduce potential infections and inflammatory
complications

Chlorohexidine
Benzydamine
Pentoxifylline
Chamomile
Thalidomide
Sucralfate
Tocopherol
Glucocorticocoids
Providone Iodine
5–Aminosalicylate
Antibacterial agents
Antifungal agents
Antiviral agents

Therapies to reduce the pain of mucositis
Topical disphenhydramine
Viscous lidocaine
Dyclonine HCL
Low energy helium neon laser 
Opioids

Table 109.4 Therapies for oral mucositis

Normal population, 13–23%
At diagnosis of cancer, 50%
With bone metastasis, 75%
During chemotherapy or radiation, 60–96%

Table 109.5 Fatigue prevalance



Assessment for fatigue can be done using following
three questions: 

1. Do you feel or have you felt unusually tired? 
2. If you are fatigued can you indicate how tired you

are using a numerical scale of 0 (no fatigue) to 10
(the greatest degree of fatigue imaginable)? 

3. How much does your fatigue impact your daily
life?.57

The National Capital Comprehensive Cancer
Network has established that the patients who rate the
severity of fatigue �4 require detailed assessment and
treatment.52,57,60

The NCCN recommends focusing on following
five factors that may influence fatigue: pain, emo-
tional distress, insomnia and sleep hygiene, anemia,
and hypothyroidism. In addition, comorbidities such
as infection, poor nutritional status, and metabolic
abnormalities should be considered.53,60

The treatment of fatigue requires an understanding
of associative causes, and intervention when possible.
These include elimination of nonessential central-act-
ing (sedative) medications, treatment of insomnia,
transfusion of blood for anemia, correction of elec-
trolyte and endocrine abnormalities, treatment of
pain, treatment of depression, prevention of decondi-
tioning with moderate exercise, and treatment of
hypothyroidism.57,61

The nonpharmacologic management of fatigue
includes education centered on energy conserving tech-
niques and stress reduction. Tasks should be spread out
over a longer period of time during the day.62 A diary of
activities may help patients cope with their fatigue and
adjust activities to their fatigue level.62 Low-inten-
sity, short-interval exercises should be encouraged.60,62

Rhythmic or repetitive movements, as with walking,
cycling, or swimming, will gradually increase stamina.57

There is an added psychological benefit to exercise.63,64

Restorative activities such as gardening, quiet times
(spiritual or meditation), volunteer activities, and walk-
ing in a natural environment can reduce cancer
fatigue.62 Stress can be reduced by massage, visual
imagery, biofeedback, and laughter.53,59,60,62 Education
about sleep hygiene and a concerted effort to improve
nutrition are considerations. Both pharamacologic and
nonpharmacologic therapies should be used together
(Table 109.6).

Depression
Approximately 80% and certainly more than 50% of
psychologic and psychiatric morbidity associated with
advanced malignancies goes unnoticed by physi-
cians.65–67 Antidepressants account for only 1–5% of
the psychotropic medications prescribed by physicians
to cancer patients, even though one-third of patients
have significant depression. The reasons for under
recognition include the absence of biological markers
for depression, a lack of training on the part of physi-

cians to recognize depression (and delirium), a sense
that both depression and cognitive changes are “appro-
priate” and normal for advanced cancer, the inappropri-
ateness of screening instruments developed in non-
cancer populations for cancer patients, overlapping
neurovegetative signs associated with cancer and depres-
sion (i.e., anorexia, cachexia, insomnia), and time con-
straints or lack of interest.65,67

Physicians should screen patients for depression as
depression will make it difficult to treat other symp-
toms and other symptoms may improve with resolu-
tion of depression. The depressed patient may not be
compliant with medications. Depression is a major
cause of symptom distress in advanced malignancies
and is a primary reason for the desire for death at the
end of life.66,68 Depression reduces pleasure, meaning,
and social connections. It reduces the ability to do the
work of separating and saying goodbye and is a major
cause of anguish among family members.67

Screening tools aid in detecting depression, espe-
cially for physicians who are not psychiatrically astute
(Table 109.7). Screening tools that are sensitive to can-
cer-associated depression are not dependent upon
neurovegetative symptoms to diagnose depression.
Screening tools that probe for helplessness, hopeless-
ness, worthlessness, and anhedonia are, on the other
hand, more discriminating in cancer.70 In addition,
patient scores on these self-rated depression scales
rarely change over time in untreated patients, with lit-
tle week-to-week variation,70 indicating good intrasub-
ject reliability. 

The diagnosis of depression is fairly reliable when
dysphoria and/or anhedonia are present for at least 2
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Anemia (goal is �12 gm %)
Erythropoietin 40,000 iu weekly 
Darbepoeitin 200 	g every other week

Depression
Methylphenidate 5 mg at 8 am and 5 mg at noon, titrate
to 1 mg/kg
Sertraline 50 mg/day up to 200 mg/day
Paroxetine 10 mg/day up to 50 mg/day
Mirtazapine 15 mg at night titrate to 45 mg
Bupropion 100 mg/day up to 450 mg kkg

Miscellaneous agents
Modafinil 100 mg at 8 am and noon up to 400 mg/day
Prednisone 20–40 mg daily

Table 109.6 Pharmacologic management of fatigue

Hospital Anxiety and Depression Scale
Beck Depression Scale
Edinburgh Post Natal Depression Scale (adapted for cancer)

Table 109.7 Depression screening tools69



weeks and are accompanied by at least two of the fol-
lowing four symptoms: depressed mood, weight loss or
gain, insomnia/hypersomnia, agitation or psychomo-
tor retardation, fatigue or lack of energy, depreciation
or guilt of feelings, and difficulty concentrating (DSM-
IV criteria).71 The Endicott modification of the DSM-IV
criteria for cancer patients exchanges fearfulness and
depressed appearance for appetite/weight loss; social
withdrawal and reduced talkativeness for insomnia or
hypersomnia; brooding, self-pity, and pessimism for
lack of energy and fatigue; and anhedonia for dimin-
ished concentration.69,72

A list of factors associated with an increased risk for
depression can be found on Table 109.8.

Treatment Treatment is divided into nonpharmacologic
and pharmacologic approaches. Nonpharmacologic
therapy includes individual psychotherapy, cognitive-
behavioral techniques, and supportive psychotherapy.
Psychotherapy and pharmacotherapy are complemen-
tary and should be used together.72 Responses occur in
a graded fashion with improvement in sleep first, fol-
lowed by increased activities and mood.71

Treatment of the underlying cause should be initi-
ated before beginning antidepressants (Table 109.9).71

Most antidepressants in cancer are prescribed too late
and in too low a dose.66,72,73

The choice of medical therapy is in part determined by
survival. Tricyclic antidepressants and selective serotonin
receptive inhibitors can be started if life expectancy is

months and methylphenidate can be started if survival is
expected to be short.72,74 The patient should be screened
for medical causes of depression (Table 109.9).

Delirium
Cancer patients are prone to delirium. They are usually
elderly, malnourished, frequently dehydrated, have
multisystem impairment, are immobile, and often have
sensory deprivation due to hearing loss or vision loss.75

Delirium is one of the most frequent neuropsychiatric
complications of cancer.76,77 Delirium is missed by
physicians in 32–67% of patients, and is largely
untreated.75 The symptoms of delirium are most com-
monly misconstrued as anxiety, debility, or depression
as a normal part of the illness.78,79 Because symptom
severity changes with time and fluctuates during the
day, it can be missed in a single encounter. Physicians
are frequently untrained in recognizing and treating
delirium.77 The frequency of delirium in advanced can-
cer ranges between 25 and 40% and between 45 and
85% in those who are terminally ill.78–80 Delirium, if
untreated (or irreversible), leads to self-injury (e.g.,
through falls, pulling out lines, inadequate self-care, and
reduced compliance) as well as secondary medical prob-
lems such as decubitus ulcers and aspiration pneumo-
nia.78,79 Delirium confers a relative risk for mortality of
6.2 during hospitalization compared to individuals who
are not delirious. Risk factors for delirium include a pre-
vious brain insult such as a cerebral vascular accident or
head injury, brain radiation or intrathecal chemother-
apy, central nervous system tumor involvement, bone
metastases, a previous confusional state or dementia,
alcohol abuse, corticosteroids, cytotoxic therapy within
the last month, the use of benzodiazepines and opioids,
dehydration, visual and hearing impairment, elevated
temperature, abnormal liver function tests, abnormal
calcium, phosphorus, or sodium, or a low albumin.81

Patients with malignancies are almost uniformly
exposed to polypharmacy and a significant portion have
either brain metastases or leptomeningeal implants
(Table 109.10). Comorbidities such as heart failure will
further predispose these individuals to the development
of delirium.77–80 Delirium typically evolves from multi-
ple factors, often a combination of medications, infec-
tion, and organ failure.80,82 Approximately 25% of the
patients will have cranial lesions at the time of their
delirium.78,79 Patients with advanced cancer frequently
have elevated proinflammatory cytokines such as IL-1,
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Women
Young age
Premorbid history of depression
Lack of social support
Poor functional status
Uncontrolled pain
Certain cancers (pancreatic cancer)
Medications (calcium channel blockers, clonidine, NSAIDS,
corticosteroids, propanolol, metoclopramide, benzodi-
azepines, haloperidol, macrolides, fluoroquinolones, opioids)
Advanced cancers

Table 109.8 Factors associated with an increased risk for
depression71,72

Hypercalcemia
Brain metastases
Whole brain radiation
Poor nutrition
Electrolyte disturbances
Adrenal gland dysfunction
Paraneoplastic

Table 109.9 Medical causes for depression71

Opioids, anticholingerics, benzodiazepines 53%
Infection 46%
Recent surgery 32%
Structural brain lesion 15%
Multiple causes 67%

Table 109.10 Causes of delirium by frequency82



TNF�, and IL-6, which stimulate microglial IL-1 and
TNF�, resulting in insomnia, depression, and delirium.83

Delirium risk increases with the number of risk factors.
Unusual causes for delirium in cancer are nonconvulsive
status epilepticus most frequently related to brain metas-
tases, a previous stroke, or a metabolic abnormality.84–86

Delirium occurs during transplantation more fre-
quently with older age, female gender, acute leukemia or
solid tumors, a history of alcohol abuse, and total body
radiation.78,79 SCT patients have an incidence of delir-
ium that approximates 50%. High-risk individuals are
those with pretransplant hepatic and renal dysfunction,
poor performance status, and preexisting cognitive
deficits. The median duration of each delirium episode is
8 days. The peak incidence occurs in the second or third
week.

The DSM-IV criteria for delirium involves the fol-
lowing four clinical factors: disturbances in conscious-
ness, changes in cognition (memory, language, or per-
ception), acute and fluctuating course, and occurring in
conjunction with a serious medical illness.78 (Table
109.11). Changes in sleep–wake cycles commonly
occur (e.g., the Sundown syndrome). Delirium can be
hyperalert, hypoalert, or mixed.77 (Table 109.10). The
hypoalert subtype is frequently under recognized and
often does not prompt a response by physicians, but
actually has the worst outlook.75 These individuals are
usually not “problem” patients compared to individu-
als with hyperalert delirium. Their delirium can be mis-
interpreted as fatigue or somnolence.78 The differential
diagnosis of delirium includes dementia, unipolar or
bipolar affective disorders, psychosis (schizophrenia),
or substance toxicity or withdrawal.78

Multiple screening tools for delirium are available
(Table 109.12). The most well-known screening tool is
the Mini-Mental State Examination Scale (MMSES),
which is not as sensitive to delirium as other screening
tools because of its emphasis on short-term memory and
concentration. The MMSES requires a minimum of an
eighth-grade education.78 The Confusion Assessment
Method and the Memorial Delirium Assessment Scale
may be more apropos in this population.

Preventing delirium involves targeting six factors: (1)
minimizing cognitive impairment (limiting polyphar-
macy, particularly anticholinergics and benzodi-
azepines); (2) preventing sleep deprivation; (3) mini-
mizing immobility; (4) improving visual impairment;
(5) improving hearing impairment; and (6) proactively

treating dehydration.87,88 Reversible factors for the treat-
ment of delirium are outlined in Table 109.12. Once
delirium has occurred, preventive interventions will
have little impact on decreasing the delirium severity or
relapse.87,88

The initial treatment for delirium is to reverse the
underlying cause. Opioid rotation is usually effective if
delirium is due to opioid neurotoxicity. Discontinue psy-
chotropics (tricyclic antidepressants, benzodiazepines)
as well as anticholinergics, if possible. Treat hypercal-
cemia, hyponatremia, hypomagnesemia, and infections.
Nonconvulsive status epilepticus requires an EEG for
detection, and the treatment of choice is either anti-
seizure medication or benzodiazepines, and not neu-
roleptics.84

Neuroleptics are the drug of choice for delirium
(Table 109.13). There are only two randomized con-
trolled trials of neuroleptics in advanced cancer.
Haloperidol and chlorpromazine, but not lorazepam (as
a single agent), were beneficial in the management of
delirium. Three nonrandomized trials found olanzapine
and mianserin (the parent compound for mirtazapine)
efficacious in resolving delirium.87 The peak response
will occur in 5–7 days after initial therapy.89 Patients
who have developed extrapyramidal reactions to
haloperidol can be safely treated with olanzapine.90

High doses of haloperidol (over 5 mg as a single dose)
will rapidly reduce agitation and paranoia, but also can
induce a prolong QTc interval and predispose patients
to a rhythm disturbance.91 Lorazepam or other benzo-
diazepines reduce agitation, but will not improve ori-
entation, concentration, or organizational skills.
Benzodiazepines are the treatment of choice for
delirium associated with alcohol withdrawal.80,92

Other agents that are useful in treating delirium are
gabapentin and valproic acid.77 Neuroleptics can be
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Lethargy or coma 61%
Agitation 44%
Disorientation 83%
Lateralizing signs 41%
Delusions or hallucinations 28%
Seizures 9%

Table 109.11 Presentation of delirium82

Mini-Mental State Examination
Bedside Delirium Scale
Confusion Assessment Method
Memorial Delirium Assessment Scale
Delirium Rating Scale
Delirium Symptom Interview

Table 109.12 Delirium scales

Haloperidol 1–2mg IV/SC/PO q 2–4 hours as needed
up to 20 mg per day

Resperidol 0.5 mg twice daily to 1mg twice daily up
to 4 mg per day 

Olanzapine 2.5–5.0 mg twice daily up to 20 mg per
day

Quetiapine 25 mg twice daily up to 100 mg twice day

Table 109.13 Pharmacologic management of delirium



safely discontinued 7–10 days after the return to base-
line cognitive function.89

Responses (in terms of resolution of delirium) with
neuroleptics range between 30 and 50%.77,93 Delirium
associated with hypoxemia, metabolic abnormalities,
and infections tend to be irreversible with medications.
Twenty-five percent of delirious patients will die within
30 days of the onset of delirium, and only one-third
who sustain a delirium episode recover enough function
to be able to be discharged home.93

HOSPICE TRANSITION AND HEMATOLOGIC
MALIGNANCIES

Hematologic malignancies are poorly represented in
hospice populations. There are several reasons for this.
Patients continue to receive palliative therapies includ-
ing blood transfusion, platelet transfusions, and recom-
binant erythropoietin which hospices (because of capi-
tated reimbursement) cannot afford and thus do not
support. It is hard to not give antibiotics or blood prod-
uct transfusions while a patient remains hospitalized.
Thus, transfusions are usually continued until the
patient’s performance score is so poor that he or she
cannot attend an outpatient clinic and there may not
be time to refer to hospice. Radiation for the relief of
bone pain in myeloma and soft tissue pain in lym-
phoma is expensive. Some hospices cannot afford even
single-fraction radiation. In addition, a significant num-
ber of myeloma patients, as well as patients with amy-
loid, will be on dialysis, which precludes hospice care
due to financial constraints. Newer targeted specific
agents, including monoclonal antibodies, proteasome
inhibitors, and thalidomide, are palliative but expen-
sive and delay hospice transfers, again for cost reasons.

Prior to each change in treatment and with each
relapse, the goals of care (and therapy) should be
reviewed with the patient. The understanding by the
patient as to the intent of treatment, and what is meant
by “treatment,” can be widely divergent. Patients may
believe they are receiving curative therapy while physi-
cians have palliation and disease maintenance in mind.
Discussions about advanced directives are important
early in the course of disease, particularly for chronic
leukemias, myeloma, and amyloid. This is sometimes
difficult for physicians, as they recognize that patients
assume by such conversations that they are terminally
ill. Advanced directives should be portrayed as an
extension of autonomy in the face of an unpredictable
disease course (“hoping for the best but planning for
the worst,” which is a good way of introducing the
subject).

Hope can be fostered in those with advanced or
incurable hematologic malignancies. Patients should be
taught that they can live with their illness rather than
die from their disease. Hope can be defined in incre-
ments that are achievable: hope to have symptoms

relieved, hope to have a series of better days, hope to live
to an important date, hope to have life closure. Inquiry
into prognosis is a teachable moment. It is better that
patients and families see what is evolving than physi-
cians foretell the date of death. Patients and families
value knowledge concerning the symptoms and signs of
the dying process. Quantifying life expectancy as an
answer to prognosis does not equip the patient or family
to understand the dying process, nor discern its pres-
ence. Physicians are also usually overly optimistic
regarding the time a patient has left. Prognostication by
physicians, if taken by families as “the gospel,” results in
sociologic death as the predicted hour approaches.
“Foreseeing” the dying process rather than foretelling
life expectancy is the better way of handling questions
about prognosis. On the other hand, a relative timetable
may help patients with closure and estate planning, and
so a general answer as “days to weeks” or “weeks to
months” or “months to years” may suffice. 

It is important to nurture spirituality throughout the
course of illness, but even more so near the end of life.
Rituals help move the center of hope from this life to
the afterlife.94 Many religious traditions have sacra-
ments particular to the afterlife. These rituals become a
physical sign for preparedness and belief and can help
transition family and friends who are reluctant to “give
up the fight” at the end of life care.95–97

MANAGING THE ACTIVELY DYING

Dying patients require symptom management, physical
expressions of love, the presence of significant others,
truth telling, and dignity through meticulous mainte-
nance of personal hygiene.98,99 Patients should not be
subject to venipuncture and procedures for curiosity
sake when the goals of care are “comfort.” Family edu-
cation, frequent visits, and intensive low-technology
care are other elements to good end of life care.
Symptoms change during the course of illness. At the
end, pain, delirium, nausea, vomiting, and secretions are
the important symptoms to control.99–101 Opioids
should be maintained despite changing mentation.
Families often mistake the dying process for drug toxic-
ity and need to understand the difference. Terminal agi-
tation or restlessness may arise from a full rectum or
bladder, poorly controlled pain, or delirium. Patients
should be examined for fecal impaction and a distended
bladder, and measures should be taken to relieve either
one if present. As patients become more nonverbal, the
therapeutic decision regarding terminal agitation is
between adjusting the opioid or the neuroleptic.
Families may be helpful in deciphering pain behaviors.
However, in the end it is a trial of one or the other.99–101

We have used chlorpromazine for terminal delirium,
while others have used a combination of haloperidol
and a benzodiazepine, usually lorazepam or midazolam.
Both chlorapromazine and haloperidol treat nausea and
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vomiting. Individual doses of chlorapromazine are
12.5–25 mg parenteral or per rectum titrated to response.
Doses may range from 25 to 200 mg every 4–6 h.
Secretions respond to antimuscarinics. Once secretions
are clinically evident, antimuscarinics should be given
around the clock, with dosing similar to opioids in pain
management. Glycopyrrolate 0.1–0.2 mg intravenous or
subcutaneous every 4–6 h is a reasonable choice.
Terminal sedation is occasionally necessary for refrac-
tory delirium or dyspnea. Phenobarbital 100 mg intra-
venous or subcutaneous every 8 h up to 1200 mg over 24
h has been our choice for sedation.

SUMMARY

Hematologic malignancies have a cluster of symptoms
that differ in degree from solid tumors. Fatigue, depres-
sion, delirium, treatment-related mucositis, and treat-
ment-related pain are common symptoms. These symp-
toms can occur at early stages of disease, can persist
through remission, and will require both nonpharmaco-
logic and pharmacologic management. Involvement of
palliative therapy early in the course of disease can min-
imize suffering from multiple symptoms while the
patient undergoes disease-modifying antitumor therapy.
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