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To the Bone Marrow Transplant Program
at the Cleveland Clinic Foundation,

and to transplant patients everywhere



Preface

During my hematology/oncology fellowship, I remember a conversation I had with
one of my professors about medical textbooks. He stated that most textbooks were, in his
opinion, limited and inadequate. He said textbook chapters generally give an exhaustive
summary of data and studies, but rarely provide an expert commentary and interpretation
of the data. He felt that the best book chapters were those in which the author stated his
or her opinion, and made liberal use of expert commentary analyzing scientific data.

That conversation reflects the philosophy of this book. This is nota textbook of bone
marrow transplantation. Rather, this book examines many aspects of clinical bone
marrow/hematopoietic cell transplantation that are controversial, and invites the authors
not only to synthesize available published data, but also to offer their opinions and
interpretations of those data. All authors are members of leading bone marrow transplant
programs in the United States, and bring a pragmatic and clinical perspective to this book.
The contributors to this book are also fairly young. We grew up with transplantation and
do not view it as an oddity; rather, we embrace its therapeutic potential while acknowl-
edging its limitations.

This book is entitled Current Controversies in Bone Marrow Transplantation. I am
sure many oncologists would argue that the entire field of bone marrow transplantation
is controversial! Certainly some areas are more controversial than others: the field of
autologous transplantation for solid tumor tends to generate more “controversy” than
does allogeneic bone marrow transplantation for leukemias. However, even within an
accepted indication for bone marrow transplantation, such as allogeneic bone marrow
transplant for refractory leukemia, there are certainly many opinions concerning aspects
of transplant strategies and transplant outcomes that differ among experts in the field.
Twenty-one such topics of potential controversy and clinical challenges are examined in
this book.

Part I is entitled Transplant Strategies. The first chapter discusses how many cells
are sufficient for engraftment of allogeneic, autologous bone marrow, autologous periph-
eral blood progenitor cell, and umbilical cord blood cells. As one reads this chapter it is
fascinating how much of the current dogma is based on dated literature. The next chapter
discusses whether older patients should be routinely excluded from bone marrow trans-
plant protocols. Again, much of the literature concerning the outcome of older patients
in bone marrow transplantation is not current, and I attempt to make the point that the
decision to perform a bone marrow transplant should be more of a question of physiologic
health, rather than chronological health. The controversial role of umbilical cord blood
cell transplantation in both children and adults is discussed in a single chapter; this is
clearly an area of intensive investigation. Finally, a great deal of bias exists concerning
physician preference for total body irradiation versus nontotal body irradiation prepara-
tive regimens, and Chapters 4 and 5 analyze the pros and cons of each for adults (Chapter
4) and children (Chapter 5) in an articulate and thoughtful manner.

Part II discusses controversies and challenges of BMT in the treatment of hemato-
logic malignancies. The first chapter discusses the timing of transplantation for chronic
myelogenous leukemia (CML), using both related and unrelated donors, as well as other
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viii Preface

alternative treatment strategies. The next chapter is an examination of adult acute
lymphoblastic leukemia (ALL). There is a significant discrepancy in results of conven-
tional chemotherapy in adult ALL from different parts of the world; this chapter discusses
the realistic outcomes of adult ALL with conventional chemotherapy and the therapeutic
potential of the early use of allogeneic bone marrow transplant. Chapter 3 discusses the
outcome of refractory leukemia with bone marrow transplantation. Though patients with
AML or ALL in second or third complete remission are uniformly felt to be excellent
BMT candidates with favorable outcomes, this chapter details the realistic clinical
outcome of allogeneic BMT for those unfortunate patients who have refractory disease.
Chapter 4 examines the role of autologous transplantation in the management of leuke-
mia. Autologous bone marrow transplant has fallen into disfavor in the United States
based on some negative clinical results; this chapter discusses all of the available data and
defines potential therapeutic strategies for autologous transplantation in this setting. The
next three chapters address the role of BMT in the management of lymphomas. The fifth
chapter of this Part is a thoughtful analysis of different subsets of patients with Hodgkin’s
disease who may or may not be transplant candidates, and it also discusses the potential
benefit of post-transplant radiation therapy. Chapter 6 discusses mantle cell non-
Hodgkin’s lymphoma and reviews currently available conventional therapies, as well as
the potential therapy role of transplantation. The last chapter of this Part analyzes the
efficacy of autologous transplantation for non-Hodgkin’s lymphoma, both for relapsed
patients, as well as those who are at high risk at diagnosis, and for those with follicular
non-Hodgkin’s lymphoma. My belief is that a minority of appropriate transplant candi-
dates are currently being referred to transplant centers, and I attempt to make this point
in several commentary sections of this chapter.

Part III discusses transplantation for solid tumors. The first three chapters provide
a critical analysis of two of the more controversial disease indications, namely ovarian
cancer and breast cancer. The timing of autologous transplantation for patients with
breast cancer is increasingly controversial and is reviewed in the second chapter. The
poor prognosis of inflammatory carcinoma of the breast with conventional therapy is
covered in depth in the next chapter. Finally, an analysis of various risk groups of germ
cell tumors and the potential therapeutic application of transplantation in these settings
is discussed in the fourth chapter.

Complications of transplantation are discussed in Part 4. The most vexing compli-
cation of allogeneic BMT is graft-versus-host disease (GVHD). Therapeutic progress has
not happened at a rapid pace and the first chapter of this Part covers what, ifany, progress
has been made in the past decade in the treatment of GVHD. Another challenge of both
allogeneic and autologous transplantation is the management of veno-occlusive disease
of the liver. While many therapeutic interventions have been attempted, few have shown
clear-cut efficacy, as is discussed in the second chapter. Post transplant myelodysplasia,
avery serious complication that has been increasingly recognized over the past five years,
is reviewed in depth in the third chapter. Finally, the book closes with two chapters
concerning challenges in the prevention and management of two common and potentially
life threatening infectious complications of allogeneic BMT, aspergillosis and cytome-
galovirus infections.

This preface was written one week after the 1999 American Society of Clinical
Oncology meetings. Several abstracts were presented at that meeting in May 1999 that
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discussed early results of transplantation for breast cancer. I believe it is premature to
include a commentary of those abstracts in this book until the data are published in peer-
reviewed journals. For the same reason, this book does not discuss non-myeloablative
allogeneic BMT, as most of the available data at the present time are scanty and based on
extremely small numbers of patients. Studies examining this exciting potential therapeu-
tic modality will clearly be of interest in the next several years.

Bone marrow transplantation is a constantly evolving therapy. Autologous trans-
plantation was revolutionized by the use of primed peripheral blood progenitor cells
in the 1990s, and undoubtedly there will be other new strategies in the near future.
This book represents a snapshot of many current issues in the field of transplantation
as we enter the new millennium. All of the authors of this book are committed to the belief
that answers to the controversies presented will ultimately be achieved, for the benefit of
patients everywhere.

Brian J. Bolwell, Mp
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1 How Many Stem Cells
Are Sufficient for Engraftment?

Lynn C. O’Donnell, PuD, Patrick ]. Elder, MsS,
and Belinda R. Avalos, MD
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1. INTRODUCTION

The past 15 yr have witnessed an explosion of advances leading to important informa-
tion regarding hematopoietic stem cells (HSCs), which has been directly applicable to
the clinical setting. Mobilized peripheral blood (PB) and umbilical cord blood (CB)
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4 O’Donnell, Elder, and Avalos

have been identified as alternatives to bone marrow (BM) as sources of human HSCs
for clinical transplantation. Currently, BM remains the predominant stem cell source
for allogeneic transplants (allotransplant); most autologous transplants (autotransplants)
are now performed solely with mobilized PB stem cells (PBSC). Although experience
with CB as a source of stem cells has been limited, it is expected to have its greatest
application in the unrelated allotransplant setting. Recent observations that stem cells
from each of these sources have biologically distinct properties, and that stem cell
doses affect outcomes in clinical transplantation, underscore the importance of stem
cell enumeration in predicting transplant outcomes.

2. HSC ASSAYS

HSC:s are self-renewing pluripotent cells that have the ability to engraft upon trans-
plantation, to proliferate, and to sustain multilineage hematopoiesis in vivo. A variety
of approaches have been used to characterize HSCs. Functional assays for human stem
cells have, until recently, been limited to various in vitro colony-forming assays. Cells
that give rise to colonies in semisolid media, termed colony-forming units (CFU),
typically display limited self-renewing potential, and are thought to represent committed
progenitors responsible for early engraftment in vivo. Cells that can form colonies
in stromal-cell-supported cultures, called long-term culture-initiating cells (LTC-ICs),
represent self-renewing stem cells, which are believed to be required for sustained
engraftment in vivo. The most conclusive assay for HSCs is their repopulation potential
in conditioned recipients. The nonobese diabetic/severe combined immunodeficient
(NOD/SCID) mouse has recently provided a novel in vivo model system for assaying
human stem cells for their repopulation potential.

2.1. Colony Assays

HSCs can proliferate and differentiate to form colonies in vitro. A wide variety of
conditions have been established to assess HSC populations for the presence of immature
multipotent or specific lineage-committed progenitors. Colony-forming cells (CFC)
with self-renewing potential can be identified by their ability to form colonies in both
stromal-cell-supported cultures (LTC-ICs) and in semisolid media (blast-CFUs). Assays
for CFUs of granulocyte-macrophage colony-forming units (GM-CFU) have been exten-
sively used in the clinical setting. However, the GM-CFU and other colony-forming
assays have not been well standardized. The use of undefined biological supplements,
such as fetal bovine serum or conditioned medium, as sources of growth factors, requires
stringent quality-control procedures to minimize lot-to-lot variability. Because of the
subjective nature of data interpretation and the imprecision of quantitation when progeni-
tor cell content is low, variability in GM-CFU assays is high, both within and between
institutions (). The usefulness of clonogenic assays in the clinical setting is also limited
by the requirement for expensive biological reagents, and by an approximate 2-wk
delay before results are obtained.

2.2. Cell Surface Markers

In contrast to clonogenic assays, expression of specific cell surface markers can be
rapidly assessed within a few hours by flow cytometry. Thus, much effort has been
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expended to functionally characterize stem cells, based on expression patterns of the
CD34 surface marker. CD34 is a surface glycoprotein, discovered in the 1980s, which
is expressed on HSCs and early committed progenitor cells from all hematopoietic
lineages. In the clinical setting, the CD34*/CD33*" and CD34*/CD38*" subpopulations
have been most extensively analyzed for stem and progenitor cell content. Many
investigators have characterized these subsets using in vitro colony assays.

CD33 is expressed on immature myeloid cells and its expression correlates with
myeloid lineage commitment. For BM or mobilized PB, LTC-ICs and blast-CFUs
have been shown to segregate within the CD34*/CD33" subset, which also contains
multilineage progenitors (2—4). In contrast, the CD34*/CD33* subset is enriched for
GM-CFUs, and lacks LTC-ICs (2,4). The CD38 antigen (Ag) is coexpressed with
multiple lineage markers, including CD33, and its expression is an early event associated
with differentiation along the erythroid, myeloid, and lymphoid lineages. CD34" cells
that lack CD38 expression also lack lineage markers, and are designated “Lin™ (5).
Although both CD34*/CD38" and CD34*/CD38" subsets from BM have been shown
to contain committed multilineage progenitors, only the CD34'/CD38" fraction is
enriched for self-renewing stem cells (LTC-ICs and bl-CFUs) (4-6).

Differences in CD34* cell populations have been reported between stem cells isolated
from BM, PB, and CB. CB CD34* cells express lower levels of CD38, and contain a
higher proportion of CD38" cells than BM or PB, indicating the presence of a more
primitive population of progenitor cells in CB (7,8). CB CD34*/CD38" cells have a
higher cloning efficiency than the same cell subpopulation from BM or mobilized PB,
and yield higher numbers of GM-CFU and LTC-IC (9,10). In addition, CB LTC-IC
can be maintained in vitro for significantly longer periods of time than adult BM LTC-
IC (9,11). Thus, the proliferative potential of CB HSC is higher, compared to adult
stem cells. Expression of the CD11a and CD62L cell adhesion molecules has also been
reported to be higher on the CB CD34*/CD38" subset of cells, compared to the same
subset in BM, suggesting a possible advantage in homing and engraftment of CB cells
(12). The c-kit receptor for stem cell factor (SCF) (CD117) has been shown to be
strongly expressed on CB CD34*/CD38" cells, but not in the same cell subset from
BM or PB (13). These properties make CB stem cells ideal for ex vivo expansion, for
use in transplantation of larger adults, to speed engraftment, and for gene transfer.

2.3. Technical Aspects Related to CD34 Quantitation

Although intralaboratory precision for CD34* cell enumeration is good, interlabora-
tory variability is significant and directly related to several variables. This topic was
recently reviewed by the European Working Group on Clinical Cell Analysis (EWG-
CCA), resulting in their recommendation of the adoption of standard protocols for
CD34 quantitation by all laboratories (14). The EWGCCA found that only two of 11
published interlaboratory protocol comparisons, the Nordic and Becton Dickinson’s
ProCOUNT™ (Becton Dickinson Immunocytometry Systems, San Jose, CA) protocols,
achieved coefficients of variation (CVs) between institutions below 15%. The highest
CV was reported at 235% by a study in the United States, although sample deterioration
and the participation of some inexperienced centers may have contributed to the poor CV.

Interlaboratory variability in determination of CD34* cell content can be affected
by many factors, including the gating strategy used, the method of sample preparation,
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and the specific CD34 antibody utilized for analysis. The EWGCCA has made the
following general recommendations aimed at reducing interlaboratory variation.

1. Utilization of bright fluorochrome (e.g., Phycoerythrin) conjugates of class II or III
monoclonal antibodies (mAbs) that recognize all glycosylated forms of CD34.

2. Use of a vital nucleic acid dye to exclude platelets, unlysed red cells, and debris.

3. Counterstaining with CD45 mAb to define CD34* progenitor cells, on the basis of low
CD45 expression and low sideward light-scatter signals.

4. Inclusion of both CD34%™ and CD34%#" populations in the CD34* cell count.

5. Elimination of isotype control staining for nonspecific mAb binding.

6. Enumeration of at least 100 CD34* cells in apheresis products, to ensure a precision
of 10%.

This group also suggested the use of control specimens to validate protocol accuracy
and hands-on training of laboratory technicians at centralized workshops to reduce
interlaboratory variation.

It may not be feasible for all laboratories to adhere to the same protocol for CD34*
cell enumeration, but there are several established protocols that have been shown to
produce similar CD34" cell counts in single-center comparisons (14). The single-
platform ProCOUNT™ protocol and the International Society of Hematotherapy and
Graft Engineering (ISHAGE) protocol and its single-platform version, Stem-Kit™
(Beckman Coulter, Fullerton, CA), have yielded similar single-center results that closely
conform to the recommendations of the EWGCCA. However, these protocols have
not yet been compared in multicenter studies to determine which yields the highest
reproducibility between laboratories. Protocols that produce low interlaboratory variabil-
ity should be used as standard backbone protocols. Any modifications to standard
protocols (e.g., addition of lineage and/or viability markers) will need to be compared
to standard methods, and shown to produce a high degree of concordance over a wide
range of CD34" cell counts, before being implemented. As knowledge of stem cell
surface markers continues to increase, protocols for stem cell enumeration will probably
change to incorporate new information and technologies.

2.4. HSC Characterization in Xenotransplant Models

Studies of human stem cells in immunodeficient mice have revealed important
differences in the hematopoietic repopulation capacities of stem cells derived from
BM, PB, and CB. High-level engraftment of human stem cells from adult BM into
SCID mice has been shown to require additional treatment of transplanted mice with
human growth factors (15). In contrast, injection with human cytokines, or other
additional treatments, is not required to establish high-level human cell engraftment
after transplantation of CB cells into immunodeficient mice (16-18), or for engraftment
of mobilized human PB progenitor cells (19). This difference in the xenotransplantation
requirements of human stem cells is also observed when immunodeficient mice are trans-
planted with purified human CD34* cell populations from adult BM, PB, and CB. In
addition, CD34" cells from CB have not only been shown to engraft in immunodeficient
mice, but to significantly proliferate in the hematopoietic tissues of NOD/SCID mice,
with a 5-500-fold increase in CD45* cells, compared to no increase after transplantation
with CD34* cells from BM (20,21). Thus, the CD34* cell population must contain an as-
yet-undefined subpopulation of stem cells that is responsible for this difference.
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2.5. HSC Quantification for Clinical Application

In the absence of a more precisely defined population of HSCs present in BM, PB,
or CB which is capable of rapid and sustained engraftment, investigators have used
surrogate parameters, such as graft content of nucleated cells (NCs), mononuclear cells
(MNCs), GM-CFUs, and CD34* cells, to determine the optimal and minimal dose of
HSC:s derived from each source that is required for successful engraftment. The presence
of multilineage CFUs in CD34*/CD33-, CD34*/CD33*, CD34*/CD38", and CD34*/
CD38* subsets suggests that quantitation of any or all of these subsets in infused cells
could be predictive of the speed of engraftment. Sustained hematopoiesis might be
expected to correlate more significantly with the CD34*/CD33~ and CD34'/CD38"
subsets, which contain most of the LTC-ICs. However, the contribution of CD34 subsets
to sustained hematopoiesis has been difficult to assess in the autologous setting, because
of the potential for autologous marrow reconstitution and the low success rates currently
obtained with gene transduction into human cells for genetic marking studies. This
may therefore be more easily addressed in the future in the allogeneic setting.

3. BONE MARROW

Estimation of BM stem cell numbers needed to regenerate the marrow after ablative
therapy and BM transplant (BMT) has not been reported in great detail. Even less has
been published about the quality of BM grafts. In 1970, Thomas et al. (22) reported
that 5 x 10® NC/kg recipient body wt was a reasonable estimate of the number of
allogeneic BM cells required for a successful transplant. Storb et al. (23) subsequently
performed a multivariate analysis to identify factors predisposing aplastic anemia
patients to rejection of allogeneic BM grafts. They reported that a dose <3 x 108 NC/
kg recipient body wt correlated with an increased risk of graft rejection. The results
of these studies became the basis for the initial widespread use of NC content as an
indicator of the stem cell content of BM grafts.

Unfortunately, subsequent studies assessing the predictive value of BM NC dose,
or dose of CFU or CD34* cells, on engraftment and other outcome measures with BMT
have not yielded consistent results. Difficulties in establishing the number of cells
needed for rapid engraftment in BMT may reflect the fact that some minimum threshold
number of cells is required for engraftment, above which there is no correlation with
speed of engraftment. Failure to engraft or delays in engraftment may also be related
to factors other than stem cell dose, such as the effects of ex vivo graft manipulation,
conditioning regimens, and underlying disease or prior treatment. In the allogeneic
setting, histocompatibility factors, graft-vs-host disease (GVHD), and the posttransplant
immunosuppression regimen used may also affect engraftment. In addition, the general
inability to control the number of cells a patient receives, especially in the allotransplant
setting, and the widespread practice of infusing as many cells as possible to give the
recipient the best possible chance of complete recovery have made it difficult to analyze
the effect of BM cell dose on engraftment outcome. Thus, in any discussion of stem
cell dose requirements, it is important to clearly distinguish between studies done in
the allogeneic and autologous settings, as donor—host interactions probably contribute
to engraftment and outcome. Unfortunately, this has not always been done, and has
led to some confusion regarding stem cell doses required for BMT.
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3.1. Autotransplants

Autotransplants provide a simpler model for studying the relationship between stem
cell numbers and transplant course than allotransplants, because of elimination of
confounding factors, such as histocompatibility and graft rejection. Autotransplants are
generally performed when the BM is not involved with disease, or when contaminating
tumor cells can be removed by purging. Studies by several groups examining the
predictive value of NC or MNC dose, GM-CFU content, or both, on the kinetics of
hematopoietic recovery following autologous BMT (ABMT), have demonstrated no
statistically significant correlation between infused numbers of NC/kg or MNC/kg and
time to neutrophil or platelet engraftment (24,25). These results may reflect the limited
range of cell doses given in these studies, or a loss of stem cell function in the NC
pool caused by marrow toxicity from multiple rounds of chemotherapy (CT). In contrast,
most groups have a reported significant correlation between GM-CFU numbers in
autografts and the speed of neutrophil or platelet recovery. Threshold doses below
0.1-3 x 10* GM-CFU/kg have been reported to result in significant delays in engraftment
(24,26). The broad range in optimal GM-CFU doses reported may result from impreci-
sion with GM-CFU assays as previously discussed in Subheading 2.1.

3.1.1. EFFECTS OF Ex VIVO MANIPULATION OF AUTOGRAFTS

Ex vivo manipulation of autologous BM harvests, to remove contaminating tumor
cells, is currently being investigated, using methods that result in either destruction or
physical separation of unwanted cells. A variety of techniques have been used, including
pharmacological, biophysical, and immunological methods. However, it is not clear
that the removal of tumor cells by currently available methods will affect disease-free
survival rates (27).

Pharmacological purging techniques involve treatment of harvested cells with a CT
agent to destroy tumor cells that may be hypersensitive to the purging agent. Some
agents that have been used to purge BM include 4-hydroxyperoxycyclophosphamide
(4-HC), etoposide, vincristine, and mafosfamide. A potential disadvantage of purging
is delayed engraftment caused by nonspecific toxicity of the purging agent to the stem
cell population, and the loss of stem cells during the procedure itself.

GM-CFU doses have been shown to correlate with outcome in ABMT using purged
grafts, although no threshold GM-CFU doses have been reported (28,29). Investigators
at Johns Hopkins (29) showed that the number of GM-CFU in 4-HC-purged autografts
is predictive of time to neutrophil and platelet engraftment, in both univariate and
multivariate analyses. In contrast, only the prepurging GM-CFU yield, and not the
infused GM-CFU dose from mafosfamide-purged BM, was shown to correlate with
days to neutrophil and platelet recovery or transplant-related mortality (28). These
conflicting results may reflect the low recovery of GM-CFU observed after mafosfamide
purging (median 0.4%), and suggest that prepurging GM-CFU may be a measure of
marrow function or graft quality.

Another approach to tumor removal from autografts has been the positive selection
of CD34* cells, which can effectively reduce, by 1-2 logs, contaminating tumor cells
that do not express the CD34 Ag. Positive selection also decreases the volume of stem
cell products, which may reduce the incidence of dimethyl sulfoxide (DMSO)-associated
infusional toxicity. Several groups have utilized the Ceprate SC™ stem cell concentra-
tion system (Cellpro, Bothwell, WA), which uses a biotinylated mAb to CD34 to
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immobilize and isolate cells expressing the CD34 Ag. In a preliminary analysis of the
safety and efficacy of positively selected CD34* cells for ABMT in 15 lymphoma
patients, Gorin et al. (30) observed a trend toward slower neutrophil and platelet
engraftment with lower doses of GM-CFUs or CD34* cells. The small number of
patients in this study may have contributed to the lack of statistical significance observed.
However, based on their preliminary data, these investigators suggested a cell dose
>0.5 x 10° CD34* cells/kg and >1 x 10 GM-CFU/kg. The results from a randomized
trial of CD34* cell selection for ABMT in 89 high-risk breast cancer patients have
recently been published (37). Compared to patients receiving unselected cells, patients
receiving selected CD34* cells tended to experience delayed engraftment of neutrophils
and platelets (p = 0.218 and p = 0.051, respectively). However, no significant delays
in engraftment were seen in these patients when >1.2 x 10° CD34* cells/kg were infused.
Moreover, platelet engraftment was reported to be delayed, irrespective of CD34* cell
selection, when <1.2 x 105 CD34* cells/kg were transplanted.

3.1.2. BM StEM CELL VIABILITY

Current studies in BM cryopreservation are aimed at examining the effect of long-
term storage (i.e., longer than 2 yr) on engraftment parameters following transplantation.
Attarian et al. (32) retrospectively compared 36 patients, whose BM had been stored
longer than 2 yr prior to BMT, with a historical control group, matched for diagnosis
and date of storage, whose BM was stored less than 2 yr. No statistically significant
differences were found between the study group (median 2.7 yr storage, range 2.0-7.8)
and the control group (median 0.3 yr storage, range 0.04-1.7) for recovery of GM-
CFU or time to engraftment of neutrophils or platelets. Thus, it appears that BM cells
can be stored at early points in treatment, before cumulative marrow damage occurs
from multiple rounds of CT and/or radiation, and can subsequently be used years later
for transplantation.

3.2. Allotransplants

Allotransplants are significantly more complicated than autotransplants. These trans-
plants involve infusion of cells from an human leukocyte antigen (HLA)-compatible,
related or unrelated donor. Complications such as graft rejection and GVHD, which
are inherent to allotransplantation, and the use of immunosuppressive agents to prevent
these complications, can affect the outcome of allogeneic BMT (allo-BMT). In contrast
to the results reported with ABMT, analysis of the GM-CFU content in allografts has
generally been found to be of no predictive value for speed of engraftment (33-35).
However, two groups have reported that a low GM-CFU dose increases the risk of
transplant-related mortality due to infections (35,36).

A correlation between NC or MNC numbers and engraftment kinetics and transplant
outcome has been observed with allo-BMT. The International Bone Marrow Transplant
Registry has reported that, in patients with acute myeloid leukemia, a NC dose >2.3
x 10%/kg was significantly associated with decreased risk of interstitial pneumonitis or
moderate-to-severe GVHD, and with increased survival in the first 6 me posttransplant
(37). In an analysis of allo-BMT from matched unrelated donors (MUD), investigators
in Seattle (38) reported that a NC dose >3.7 x 10%kg was associated with faster
engraftment of neutrophils, platelets, and lymphocytes, and with a decreased risk of
developing severe acute GVHD. In addition, in patients transplanted in remission,



10 O’Donnell, Elder, and Avalos

Table 1
Summary of HSC Doses in BMT
Patients

HSC enumeration Autologous Allogeneic
NC Correlation - +

Threshold 2.3-3.7 x 10%kg
GM-CFU Correlation + -

Threshold 0.1-3 x 10%kg
CD34* cells Correlation + +

Threshold 1.2 x 10%kg 1-2 x 10%kg

higher NC doses were associated with a decreased risk of nonleukemic death and
increased leukemia-free survival.

Very few studies have reported the relevance of CD34* cell doses on engraftment
or outcome in allo-BMT. Using elutriation as a method for depleting T-cells from
allografts, Mavroudis et al. (39) reported that the CD34* cell dose correlated with speed
of engraftment for all lineages except neutrophils. The lack of correlation with neutrophil
engraftment may have resulted from the use of granulocyte colony-stimulating factor
(G-CSF) posttransplant. Patients in this study receiving >2 x 10° CD34* cells/kg achieved
red blood cell and platelet transfusion independence sooner, required less G-CSF
administration for white blood cell support, and spent fewer days in the hospital during
the first 100 d posttransplant. Patients receiving <1 x 10° CD34* cells/kg were found
to have a significantly higher risk of transplant-related mortality caused by infections
(65 vs 7%) and a lower survival rate (31 vs 74%) than the group receiving
>1 x 10° CD34* cells/kg.

3.3. Summary

NC or MNC doses have historically been used to assess stem cell content in BM
grafts. In the allogeneic setting, a dose of 2-4 x 10® NC/kg appears to be a valid
threshold (Table 1). However, in the autologous setting, GM-CFU and not NC dose
appears to be a better predictor of engraftment kinetics. Limited information has been
published regarding CD34* cell doses and outcomes in patients undergoing transplants
with BM as the stem cell source, particularly in the unrelated allotransplant setting.
The available data suggest a threshold of 1-1.2 x 10° CD34* cells/kg for patients
undergoing auto- or allotransplants from matched sibling donors. Additional studies
are clearly needed to better define CD34" cell thresholds for patients undergoing related
and unrelated allotransplants. However, current difficulties in obtaining CD34* cell
counts in a timely manner, during the time of marrow harvest, will limit its use in
determination of the volume of BM to be harvested from a given donor, and hence
the cell dose a patient receives.

4. PERIPHERAL BLOOD

In the autologous setting, PBSC transplants (PBSCT) are now much more common
than BMT, mostly because of the faster engraftment kinetics observed with PBSC.
Transplantation with PBSC is also being investigated in the allogeneic setting. As with
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BM, a variety of surrogate parameters have been utilized to assess HSC content in
PBSC collections, in an attempt to determine reliable predictors of rapid and sustained
hematopoietic engraftment.

4.1. MNC and CFU Content

MNC content generally does not reliably predict the speed of engraftment of PBSC,
chiefly because of the highly variable frequency of progenitor cells in the total NC
population of PB (40,41). However, two groups have demonstrated that, for patients
with lymphoma mobilized with cyclophosphamide + G-CSF, and subsequently treated
with BEAM (carmustine, etoposide, cytosine arabinoside, melphalan) and PBSC rescue,
a threshold of >3 x 10® MNC/kg reliably predicts multilineage recovery (42,43). A
significant correlation between GM-CFU numbers in PBSC and recovery of neutrophils
after transplantation has been reported (40,41,43—45). However, a correlation between
GM-CFU and platelet recovery has not been consistently observed. Enumeration of
megakaryocyte-CFU (MK-CFU) in PBSC products appears to be no better at predicting
time to platelet engraftment (46). The lack of standardization and poor precision of
clonogenic assays probably account for the wide range of threshold GM-CFU doses
that have been reported for PBSC, which range from 8 to 50 x 10* GM-CFU/kg.

4.2. CD34* Cell Dose

The relationship between CD34* PBSC dose and engraftment kinetics first reported
by Bender et al. (40) is nonlinear, and threshold values, below which there is a higher
risk of delayed engraftment, have been identified. However, different transplant centers
associate varying levels of risk with the number of days patients experience specific
cytopenias, which has led to variability in the meaning of “delayed engraftment” and
“optimal cell dose” between transplant centers. This, as well as interlaboratory variability
in CD34* cell counts, and the lack of information regarding the functional equivalence
of CD34* cell populations mobilized in different patient populations or by various
mobilization regimens, would be expected to result in a wide range of optimal CD34*
cell doses reported. However, most groups have reported optimal CD34* cell doses
that fall within the narrow range between 2 and 5 x 10° CD34* cells/kg. Shown in
Table 2 is a compilation of threshold CD34* cell doses derived from recent data reported
from studies with patients with a variety of underlying diseases treated at multiple
centers, or from studies with large cohorts of patients with a single disease treated with
defined mobilization regimens. Most groups have observed prompt engraftment of
neutrophils and an effect of CD34* cell dose on the time to engraftment of platelets,
but not of neutrophils (43,47,48). Weaver et al. (49) have reported a lower threshold
for neutrophil recovery than for platelet recovery, with thresholds of 2.5 x 10° CD34*
cells/kg and 5 x 10 CD34* cells/kg, respectively. This group has therefore recommended
infusion of the higher dose, when possible.

Several investigators have also analyzed the effects of CD34" cell doses on sustained
hematopoiesis, by determination of the time required for return of normal hematologic
values and assessment of blood count values at later time intervals. Haas et al. (44)
suggested that the CD34* cell dose affected long-term hematopoiesis, and correlated
with the same threshold dose for engraftment (Table 2). However, in multivariate
analyses, other groups have not demonstrated a significant correlation between CD34*
cell dose and long-term reconstitution (50,51). These groups have therefore suggested
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that other variables, including age, diagnosis, quality of mobilization, and speed of
engraftment, are more important factors affecting long-term hematopoiesis. Duration
of prior CT has also been found to affect engraftment kinetics and CD34* cell thresholds.
Tricot et al. (47) reported that multiple myeloma patients, mobilized with CT + GM-
CSF, who had received more than 24 mo of prior cytotoxic therapy, required a larger
CD34* cell dose to ensure rapid engraftment than those who received less than 24 mo
of prior therapy (Table 2). In addition, they observed that only 28% of the heavily
pretreated patients in their study reached the target dose of 5 x 10° CD34* cells/kg.
These data suggest that heavily treated patients with myeloma might benefit from the
use of alternative mobilization strategies, such as those utilizing SCF (48), to increase
yields of PBSC. These observations may also be applicable to mobilization in other
heavily pretreated patients with different malignant disorders.

The minimum PBSC dose required to achieve engraftment has been difficult to
determine due to the paucity of patients in reported studies who either received low
cell doses or experienced unacceptably delayed engraftment (49,52). Watts et al. (43)
reported a minimum cell dose below which they would not recommend PBSCT after
myeloablative therapy. In a study of 101 lymphoma patients, these investigators found
that when patients received <1 x 10° CD34* cells/kg there was a 40% chance of delayed
platelet engraftment, defined as engraftment that occurred beyond 28 d. In a retrospective
analysis, Weaver et al. (53) reviewed the records of 2079 nonleukemia patients trans-
planted at multiple institutions, and identified 48 (2.3%) who were infused with <2.5
x 10° CD34* cells/kg: 36 because of poor harvests, and 12 who elected to reserve a
fraction of their harvested cells for future treatment options (53). In this analysis, the
median dose infused was 2.12 x 10° CD34* cells/kg, with the lowest dose still in excess
of 1 x 10° CD34* cells/kg. Engraftment was compared to a large historical group of
control patients, matched to the study group by disease and regimen, who received
>2.5 x 10° CD34* cells/kg. The entire study group achieved neutrophil engraftment
(median 11 d vs control 10 d), and 98% achieved platelet engraftment (median 14 d
vs control 10 d). None of the 12 patients who had adequate harvests, but who elected to
receive only a fraction of their collected cells, experienced delayed platelet engraftment
beyond 28 d. However, five of the 36 patients who received <2.5 x 10® CD34* cells/
kg because of poor yields either experienced delayed platelet engraftment after 28 d
or died without achieving platelet engraftment. Based on these data, it is possible that
the delayed platelet engraftment observed in patients receiving low CD34* cell does
may have been related more to poor quality of the CD34* cells harvested or to damage
of the BM stroma than to the number of CD34* cells infused. Thus, there may not be
an absolute value for the minimum CD34* cell dose required to achieve engraftment
in the autologous setting. For patients with low CD34* cell yields, the relative risks of
disease progression and the requirement for increased supportive care due to delayed
platelet engraftment need to be heavily weighed prior to proceeding with myeloablative
therapy and PBSCT.

4.2.1. CD34* SUBSETS

In an effort to determine better predictors of PBSC engraftment kinetics, several
groups have examined specific CD34* cell subsets in PBSC products. Table 3 summa-
rizes the results from several of these studies. In a univariate analysis of various CD34*
cell subsets, Dercksen et al. (54) found that only CD33" and CD41* subsets correlated
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better with engraftment than the total number of CD34* cells. These same PBSC subsets
were also shown to be the best predictors of engraftment in a multivariate analysis.
Subsequent studies by other groups have yielded mixed results when comparing the
CD34*/CD33" subset with total CD34" cells. However, all groups have found the CD34*/
CD33- subset dose to correlate well with platelet recovery, and most groups have
reported the CD34*/CD33" cell dose to be a better predictor of platelet engraftment than
total CD34" cell dose (55-58). Although the CD34*/CD33" cell dose shows a good correla-
tion with platelet engraftment, some groups have not observed a correlation between
CD34*/CD33 cell dose and time to neutrophil engraftment (55,56). Reasons for these
discrepancies have not been elucidated, but it is possible that an as-yet-unidentified sub-
population within the CD34*/CD33" compartment accounts for these differences, and that
enrichment levels vary in different patient populations or with the mobilization regimen
used. Despite these discrepancies, in general, the minimum CD34*/CD33" cell dose
required for engraftment appears to be approx 1 x 10%kg (range, 0.9-2.8 x 10%kg).

Buscemi et al. (59) and Hénon et al. (60) have examined the CD34*/CD38" cell dose
infused in patients undergoing autologous PBSCT, and reported that the dose of this
CD34* subset correlates better than both total CD34"* cell numbers or the CD34*/CD33"
cell dose, with respect to the time to either platelet engraftment or trilineage engraftment.
The minimum dose of CD34*/CD38" cells required for engraftment was found to be 0.05
x 10° cells/kg (average dose 0.15 x 10%kg, range 0.011-1.62 x 10°kg) (60), much lower
than that reported for either total CD34* or CD34*/CD33" cell numbers (Table 3).

4.2.2. PEDpIATRIC PBSCT

PBSC collections in children weighing less than 25 kg is complicated by a low
blood volume and poor vascular access, which has limited the use of PBSC for autotrans-
plantation in children. However, the safety and efficacy of PBSCT in children has
recently been established (61). Data regarding factors affecting engraftment kinetics
in children from trials with larger number of patients are beginning to accumulate.
Although the number of groups that have analyzed the effects of CD34* cell dose on
engraftment in pediatric patients has been limited, the number of CD34* cells infused
appears to correlate with time to engraftment of neutrophils and, perhaps, platelets.
Leibundgut et al. (62) reported that the number of both total CD34* and CD34*/CD33~
cells infused correlated with neutrophil recovery, but that only MK-CFU doses correlated
with platelet engraftment. The only threshold observed in this study was for the GM-
CFU dose (>5 x 10* GM-CFU/kg), although few patients received low doses of CD34*
cells. Investigators in Madrid (63,64) have also examined various CD34" cell subsets.
These investigators have reported optimal doses of >0.5 x 10° CD34*/CD38" cells/kg
for neutrophil engraftment, >2 x 10° CD34*/CD38" cells/kg for platelet engraftment,
and >5 x 10° CD34" cells/kg for engraftment of both lineages. Additional large studies
will be required to establish a statistically significant correlation between CD34* cell
dose and engraftment kinetics, and to determine valid threshold values in children
undergoing PBSCT.

4.2.3. ALLOGENEIC PBSCT

In the allogeneic setting, PBSCT have not been as extensively studied as in the
autologous setting. The safety of hematopoietic growth factor administration for stem
cell mobilization in normal individuals has been one concern with utilization of PBSC,
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instead of BM, for allotransplants. Although the use of G-CSF has not been reported
to result in any significant or irreversible toxicities to healthy donors, careful monitoring
of donors is still required to assess its long-term safety (65). Another major concern
with the use of PBSC for allotransplants has been the potential for an increased risk
of GVHD, because of the 10-fold higher concentration of T-lymphocytes in PB than
in BM. Studies to date suggest that there is no increased risk of acute GVHD with
allogeneic PBSCT, but that chronic GVHD may occur at a higher frequency with
transplantation of PBSC than BM cells.

Several groups have investigated parameters that affect the engraftment of allo-
PBSC. Korbling et al. (66) and Rosenfeld et al. (67) have reported no correlation
between the CD34* cell dose and the time to engraftment of neutrophils or platelets,
although, in both studies, most patients received relatively high numbers of CD34*
cells (mean or median of 8-10 x 10%kg). More recently, other groups (68,69) have found
that the CD34* cell dose in allo-PBSCT significantly affects the speed of engraftment.
Threshold CD34* cell doses of >5 x 10 CD34* cells/kg and >4.6 x 10° CD34* cells/
kg have been reported by Brown et al. (68) and Urbano-Ispizua et al. (69), respectively.

4.2.4. EFFECT OF POSITIVE-SELECTION OF CD34* PBSC oN ENGRAFTMENT

Many groups are currently investigating the safety and efficacy of CD34" cell selection
as a means of decreasing the volume of PBSC grafts in order to limit DMSO-associated
infusional toxicity, decreasing tumor contamination of autografts, and depleting T-cells
to reduce the risk of severe GVHD in allo-PBSCT. While tumor cells have been detected
in the circulation, and their levels may even increase in PB following mobilization,
tumor cell numbers have been found to be lower in PBSC products than in BM autografts
(70-72). Many groups are examining the relevance of contaminating tumor cells to
disease-free survival. Currently, it is not clear that positive selection of CD34* cells
will affect disease-free survival rates (27,73). However, CD34* cell selection does not
appear to adversely affect engraftment kinetics. Similar CD34* cell dose thresholds
have been observed in patients receiving positively selected CD34* PBSC, and historical
controls receiving unmanipulated PBSC (46,74,75). Randomized trials addressing this
issue need to be performed.

4.3. Predictive Parameters of CD34* Cell Yields

CD34* cell enumeration is an attractive choice for making real-time decisions about
the timing of apheresis and the assessment of the adequacy of PBSC collections
due to intralaboratory precision in CD34" cell quantitation and relatively rapid result
turnaround time. More recently, CD34 analyses have been suggested for use in predicting
the likelihood of successful PBSC mobilization in individual patients. PB CD34* cell
counts, taken either during the steady state prior to mobilization or following mobiliza-
tion on the day of, or day preceding, leukapheresis, have been reported, by several
groups (76-78), to correlate with the yield of CD34* cells in leukapheresis products.
Any extrapolation of data from these studies by individual transplant centers must take
into account differences in patient characteristics, mobilization protocols, timing for
initiation of apheresis, definition of target CD34* cell yields, and method for CD34*
cell enumeration. However, analysis of steady-state CD34* PBSC counts may prove
useful in identifying those patients who are likely to be poor mobilizers, who might
benefit from alternative mobilization strategies, or in identifying patients from whom
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large numbers of progenitor cells are likely to be collected, who would then be good
candidates for ex vivo procedures associated with low CD34* cell recoveries, such as
positive selection of CD34* cells or tumor purging.

Unfortunately, steady-state CD34* PBSC counts have not been adequately analyzed
to firmly establish their value in predicting hematopoietic reserve. Two studies, using
small patient cohorts, found a strong correlation between steady-state PB CD34* cell
numbers and leukapheresis yields after mobilization with G-CSF alone or in combination
with CT (76,79). However, a third study (80) has reported no correlation after mobiliza-
tion with G-CSF alone.

4.4. Use of Growth Factors After PBSC Infusion

The use of myeloid growth factors to accelerate neutrophil recovery after PBSCT
is currently a topic of some debate. In a retrospective analysis of 243 patients, Bensinger
et al. (52) showed that the use of postinfusion growth factor was associated with a
significant delay in platelet recovery only in patients who received <5 x 10° CD34*
cell/kg (Table 2). Those authors therefore suggested that, in patients with CD34* cell
yields below 5 x 10° CD34* cells/kg, and particularly when below 2.5 x 10° CD34*
cells/kg, posttransplant myeloid growth factors should not be used. The results of
several randomized trials examining the benefit of G-CSF treatment on outcome after
PBSCT have also been reported. Most groups report a significant improvement in
neutrophil recovery in the G-CSF group, although all patients in one study received
relatively high doses of CD34* cells (>5 x 10° CD34* cells/kg), and the effect of CD34*
cell dose on G-CSF efficacy was not analyzed in the other studies (8/-83). In
contrast to the findings reported by Bensinger, Linch et al. (84) examined 90
patients transplanted for lymphoma, and found that postinfusion G-CSF administration
did not cause a delay in platelet recovery when low CD34* cell doses (<5 x 10%
CD34* cells/kg) were received.

Studies in children have led to further controversy regarding the use of post-PBSCT
growth factor administration. In a large randomized study, Kawano et al. (85) reported
a 10-d delay in median time to platelet recovery in all non-ALL patients who received
G-CSF posttransplant, regardless of the CD34* cell dose infused. In addition, they
observed only a 1-d improvement in the median time to neutrophil engraftment in those
children receiving growth factor post-PBSCT. Determination of the benefit of growth
factors post-PBSCT will require the completion of large randomized trials in which
adequate numbers of patients receiving low CD34* cell doses, with or without post-
PBSCT growth factor, are included, and the effects of stem cell dose on growth factor
efficacy are analyzed.

4.5. PBSC Viability

Cryopreservation and short-term storage (less than 6 mo) of leukapheresis products
does not appear to result in lower recoveries of MNC or CD34* cells (86,87). However,
recovery of in vitro colony-forming activity (GM-CFU and burst-forming units, erythro-
cytes) appears to decrease dramatically with extended periods of storage, especially
beyond 2 yr (88,89). Improved recovery of GM-CFU following long-term storage (2—5
yr) can be achieved by the use of polyolefin bags and storage at —135°C, instead of
PVC bags with storage at —80°C (88), or by the inclusion of hydroxyethyl starch (HES)
in the cryoprotectant solution and storage at —80°C (90,91).
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4.6. Summary

Measurement of the CD34* cell content of PBSC collections by flow cytometry is
currently the most powerful and practical surrogate for PB progenitor cell content, and
has become a routine practice of most transplant centers. Some centers also quantitate
CD34* cell subsets. PBSC CD34" cell doses, but not NC doses, have been shown to
correlate with speed of engraftment and overall engraftment. Based on currently avail-
able data, a CD34* cell dose of 2-5 x 10%/kg is recommended. For CD34* cell subsets,
minimum doses of 1 x 105 CD34*/CD33" cells/kg and 0.05 x 10° CD34*/CD38" cells/
kg have been suggested. For patients in whom such doses cannot be reasonably collected,
alternative therapies should probably be considered.

5. UMBILICAL CORD BLOOD

Hematopoietic stem and progenitor cells from placental blood, also referred to as
CB, have recently been identified as an alternative source of allogeneic HSCs for
transplantation (11,15,92-95). Compared to adult HSCs, stem cells from CB have
distinct proliferative advantages, including enrichment in the most primitive stem cells
producing long-term repopulation in vivo, increased clonogenicity, increased cell cycle
rate, autocrine growth factor production, and increased telomere length (13,96-99).

In patients for whom no suitable BM donor is identified, CB stem cells have success-
fully been used to reconstitute the BM. The first CB transplant (CBT) was performed
using CB from an HLA-identical sibling in 1988 (11). In 1994, the first unrelated CBT
was reported by Kurtzberg et al. (100). Since then, more than 1000 CBTs have been
performed worldwide for the treatment of various malignant and nonmalignant diseases,
using both sibling and unrelated donors.

CB as a source of allogeneic stem cells offers the advantages of rapid availability,
decreased likelihood of transmission of clinically important viral infections such as
cytomegalovirus (CMV) and Epstein-Barr virus due to the low viral infection rate at
birth, and a low risk of severe GVHD (92-95,100-102). The decreased risk of both
acute and chronic GVHD reported with CBT allows an increase in the permissible
degree of histoincompatibility between donor and recipient. CB grafts mismatched for
up to two HLA Ags have been used effectively to reconstitute the BM (92-95). Thus,
CB will probably provide an appropriate source of HSC for increasing numbers of
patients belonging to ethnic groups not well-represented in BM donor registries. The
use of CB from unrelated donors may also provide the benefits of a graft-vs-tumor
effect, without the associated risks of GVHD and treatment-related mortality.

At the end of 1998, approx 21,000 CB units, nearly 100% of which were typed for
HLA-A, -B, and -DR Ags, were available worldwide from 16 CB centers (103). This
contrasts with the more than 5 million donors in BM registries worldwide, of which
only 50% have been HLA-A-, -B-, and -DR-typed. The ability to collect CB from
ethnic groups not well-represented in BM registries, with no risk to the mother or
donor, has prompted the collection of CB from these groups. CB searches have recently
been integrated into the established search procedures for an unrelated marrow donor
through the Bone Marrow Donors Worldwide database. Despite efforts to increase
representation of ethnic groups by CB collection centers, the weight of the intended
recipient remains a major obstacle to the use of CB cells for transplantation. Although
sufficient stem cells for transplantation can generally be collected and stored from BM
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and mobilized PB, the availability of stem cells in CB is limited. Because the clinical
outcome of CBT has been shown to be related to the numbers of NC/kg infused, the
use of CB for transplantation has primarily been restricted to children and smaller adults.

5.1. Optimal CB Cell Dose

Analysis of 102 patients who underwent related CBT by the Eurocord group revealed
a median time to neutrophil engraftment of 28 d and a median of 48 d for platelet
engraftment (94,104). Factors favorably influencing survival were age <6 yr, <20 kg
recipient weight, recipient CMV-negative serology, sex match, and NC dose 23.7 x
10’/kg. Analysis of the outcome in 143 patients undergoing unrelated CBT by the
Eurocord group showed the same trends observed in related CBT (105). A relationship
between the numbers of cells infused and engraftment was observed. The number of
NC/kg infused after thawing was found to be the major factor that predicted for
neutrophil and platelet engraftment after CBT. Patients receiving <3.7 x 107 NC/
kg experienced delayed engraftment, with a median of 34 d required for neutrophil
engraftment and 134 d for platelet engraftment compared to 25 and 47 days, respectively,
in patients receiving a larger cell dose. Notably, no adult patients who received <1 X
10" NC/kg survived. Patients receiving <2 x 10’ NC/kg had a 69 and 49% probability
of achieving neutrophil and platelet engraftment, respectively, by d 60. The results
from these studies demonstrate that infusion of low numbers of NC is associated with
both an increased risk of nonengraftment and delayed engraftment.

Kurtzberg et al. (92) has also reported a correlation between NC dose and the rate
of myeloid engraftment in a series of 25 patients undergoing unrelated CBT, who all
received G-CSF to accelerate engraftment. Wagner et al. (106) has shown in a univariate
analysis of 111 patients receiving CBT that the speed of engraftment is associated not
only with the number of NC infused but also with the number of CD34* cells and GM-
CFU infused. In their analysis, the only factor predictive for survival was the number
of cells infused.

Rubinstein et al. (95) recently reported the outcome of 562 patients undergoing
unrelated CBT with CB units provided by the Placental Blood Program at the New
York Blood Center. A correlation between the numbers of infused CB leukocytes or
white blood cells/kg recipient weight (leukocyte count determined prior to cryopreserva-
tion) and successful myeloid engraftment was observed. Notably, only 97 (17%) of
the 562 patients evaluated in this study were 218 yr of age. The median time to neutrophil
engraftment was 28 d and 90 d for platelet engraftment. Successful engraftment was
reported in 91% of patients receiving 21.0 x 10® leukocytes/kg; engraftment occurred
in only 74% of patients receiving doses of 7-24 x 10° leukocytes/kg. In multivariate
analyses, only the cell dose correlated with myeloid engraftment, whereas both the
number of leukocytes/kg infused and the recipient’s age were associated with the
incidence of transplant-related events. Conversely, age, but not cell dose, correlated
significantly with event-free survival after engraftment. Thus, the leukocyte content of
CB grafts may primarily determine the speed and overall success of engraftment, and
only secondarily affect transplant-related events and event-free survival.

In contrast to previous studies suggesting delayed platelet reconstitution after CBT
compared to allo-BMT, Rubinstein et al. (95) reported that the probability and timing
of platelet engraftment after CBT were similar to those observed after MUD-BMT.
The rate and speed of myeloid engraftment were also found to be associated with the
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degree of donor—recipient HLA compatibility. This study also found that CMV positivity
of the recipient prior to CBT was significantly associated with active CMV disease
post-CBT and most strongly correlated with secondary graft failure.

Migliaccio et al. (96) have reported an association between the dose of CB CFC
infused/kg and time to myeloid engraftment. The CFC dose was shown to directly
correlate with the likelihood for engraftment, and inversely correlated with the time to
myeloid engraftment after CBT. Engraftment was observed in 80% of patients receiving
>4 x 10* CFC/kg. Qualitative analyses of thawed CB cells may help to clarify the lack
of engraftment observed in the remaining 20% of recipients who received the same
CFC dose.

In vivo administration of G-CSF post-CBT has not been observed to increase the
percentage of patients that successfully engraft. Recent studies with cytokine cocktails
for ex vivo expansion of CB cells have been particularly exciting, with greater than
80-fold increases in CD34* cells observed with cultured CB cells (reviewed in ref. 13).
Future studies of CB expansion may permit sufficient stem cell amplification to increase
the number of eligible adults for CBT. Additionally, the decreased immunological
reactivity of transplanted CB cells may make it possible to combine several CB units
from different donors, to increase stem cell numbers for transplantation.

5.2. CB Stem Cell Viability

Factors associated with the timing for processing and cryopreservation of CB are
critical to the survival and quality of CB stem cells. Standardized methods for processing
and storing CB units have not been universally adopted by collection centers. Following
collection, CB units are stored at 4 or 25°C until processing. Processing of CB is
generally completed within 24 h after collection (107,108). Until recently, CB was
routinely cryopreserved as an unseparated product, because of progenitor cell losses
in excess of 30% reported with a variety of cell separation and volume reduction
procedures (95,101,109,110). In order to maintain cost-effectiveness and optimal use
of space, it has become necessary to store CB as a separated product. Currently, most
CB centers routinely volume-reduce CB units to 20-25 mL by removal of excess
plasma and red cells with HES sedimentation before cryopreservation in 10% DMSO/
dextran40 solution, which has been reported to result in approx 85% recovery of both
NC and CD34* cells (95,111-113).

The viability and yield of stem cells from CB stored at 4°C prior to processing has
been reported to be reduced (108). Recently, Shlebak et al. (114) also demonstrated
that storage of CB at room temperature (25°C) prior to processing also resulted in a
significant reduction in progenitor cell numbers. These investigators found a 59%
reduction in d 7 GM-CFU when CB was stored at 25°C for 9 h prior to cell separation,
and a 77% reduction when processing was further delayed until 24 h. Notably, MNC
recovery was not as greatly affected as recovery of GM-CFU, with recovery of 88%
MNC after 9 h and 51% after 24 h, implying a selective loss of stem and progenitor
cells following prolonged storage. Thus, processing of collected CB should optimally
be undertaken within 6 h.

The effects of cryopreservation on recovery of processed MNC and fractionated
CD34* cells have been extensively studied. Broxmeyer et al. (115) has reported that
computer-controlled freezing results in insignificant losses in stem and progenitor cells,
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with over 90% recovery of GM-CFU. Cryopreservation has also been reported to affect
neither the recovery nor the clonogenic capacity of progenitor cells in frozen, unseparated
CB for up to 7 yr (116—118). However, recently, Shlebak et al. (114) reported that,
although cryopreservation following either controlled-rate freezing or passive cooling
did not result in a significant reduction in numbers or viability of MNC and GM-CFU,
there was a significant reduction in the ability of GM-CFU to produce secondary
colonies on replating after cryopreservation. Thus, functional deterioration in CB stem
and progenitor cells following cryopreservation could explain the failure of engraftment
observed in up to 20% of patients receiving adequate cell doses for CBT, as reported
by Migliaccio et al. (96).

5.3. Summary

The variability in parameters used to monitor cell doses and engraftment, such as
NC dose, leukocyte count, number of CD34" cells, number of GM-CFU, and number
of CFC, emphasizes the importance of the universal adoption of standardized methods
for assessing the stem cell content of CB units in interpretation of CBT results. Data
pre- and postthawing is likely to be most informative and to permit identification of
the appropriate indicators for engraftment and speed of engraftment, as well as the
determination of minimum and optimum doses. Based on the preponderance of data
on NC and leukocyte doses in CBT, and the relative paucity of data regarding CD34*
cell doses, a dose of 2 x 10’ NC/kg prior to thawing has been recommended, because
of estimated cell losses that occur during thawing (103). Notably, this dose is approx
1 log lower than the cell number infused with a standard allo-BMT or -PBSCT, further
supporting the qualitative advantage of stem cells from CB over adult sources. Future
studies should address more precisely the numbers of stem cells required for successful
CBT by analysis of CD34* cell doses, as well as CD34* subpopulations in large numbers
of patients.

6. FUTURE PERSPECTIVES

The CD34 Ag is a clinically useful marker for the human HSC, but it should not
be considered an absolute boundary for defining the stem cell population. Recent studies
in mice indicate the existence of a CD34 HSC capable of self-renewal and hematopoietic
reconstitution. Long-term reconstitution of myeloablated mice has been accomplished
with injection of a single murine CD34" stem cell (119). In addition, transgenic mice
lacking CD34 have been found to be viable, with normal hematologic profiles, and to
experience normal trilineage recovery following sublethal irradiation (120). The search
for the human CD34" stem cell counterpart will be complicated by the requirement for
the use of xenogeneic models, in which negative results will be difficult to interpret.
However, there is already evidence that human BM contains cells that can efflux
Hoechst 33342 dye in a manner identical to a small, homogenous population of murine
CD34- HSC (121). Although isolation of the true human HSC has remained elusive,
it is likely that this will be accomplished in the near future. The potential use of such
cells opens exciting prospects as these cells may possess more desirable biological
characteristics, such as increased gene transduction frequencies to facilitate gene transfer
into human cells or enhanced ex vivo expansion capabilities.
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1. INTRODUCTION

Many, if not most, protocols involving allogeneic bone marrow transplant (allo-
BMT) have eligibility criteria that include parameters of patient age. Generally, eligibil-
ity includes patients less than 55, 60, or 65 yr of age. Many autologous BMT (ABMT)
protocols also have age cutoffs restricting patient eligibility. The reason for such an
age cutoff is presumably that the transplant procedure itself is prohibitively risky in
older patients. Common transplant teachings suggest that the older the patient, the
higher the risk of graft-vs-host disease (GVHD), treatment-related mortality (TRM),
overall toxicity, and decreased disease-free survival (DFS). However, much of this
dogma is based on literature comparing pediatric patients to adult patients. Indeed, few
series actually examine the potential toxicity of transplantation comparing older adults
to younger adults. Additionally, in the field of autologous transplantation (autotrans-
plantation), the use of primed peripheral blood progenitor cells (PBPCs) has drastically
reduced the treatment-related toxicities, at least in part, because of enhanced engraftment
rates; therefore, some of the older literature concerning autotransplantation in older
adults is dated.

This chapter reviews representative large series of transplant outcome over the past
20 years, with emphasis on the contribution of age to overall survival (OS) and DFS.
Next, reports describing the impact of age on the incidence of GVHD are examined.
This is followed by an examination of published reports that specifically address the
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Table 1
Influence of Age on Outcome of Allo-BMT for AML
Yr

Author (ref.) published Comment

Mortimer et al. (1) 1983 156 pts reported to IBMTR; 6-mo survival similar in
patients aged <23 vs 224 yr.

Dinsmore et al. (2) 1984 70 pts; 3-yr DFS in good risk pts better if patients age
<20 yr. Age had no influence on outcome of poor
risk pts.

Bostrém et al. (3) 1985 39 pts; Age (<14 vs >14 yr) had no influence on DFS.

McGlave et al. (4) 1988 73 pts in CR1; DFS identical in children and adults.
Incidence of relapse the same.

Gellar et al. (5) 1989 99 pts; Age <20 yr had greater DFS than <20 yr.

Copelan et al. (6) 1991 127 pts; Age had no influence on DFS.

Snyder et al. (7) 1993 99 CR1 pts; Age had negative influence on OS and
DFS as a continuous variable; median AML age 26
yr (range 2—47 yr).

Keating et al. (8) 1996 169 pts in CR1; no difference on DFS or relapse rate
by age; TRM higher for pts 36-45 vs <25 (33 vs
18%, p = 0.02)

Pts, patients; CR, complete remission; OS, overall survival; IBMTR, International Bone Marrow
Transplant Registry; DFS, disease-free survival; TRM, treatment-related mortality.

outcome of transplantation in older adults. The author’s own institutional data at the
Cleveland Clinic Foundation is summarized, as well.

2. ALLO-BMT OUTCOME DATA

Table 1 summarizes some of the early series reporting the efficacy of allo-BMT for
acute myeloid leukemia (AML), as well as selected recent reports. This is not a summary
of every published article on this subject, but it represents a cross-section of data, based
on large numbers of patients from major transplant centers specifically addressing the
impact of age on BMT outcome for AML. The first thing one notices is the inconsistency
of the influence of age on outcome. Several series found no association of age with
OS or DFS; other series did find that patient age influenced outcome.

A closer examination of the reports that described an association of outcome with
age reveals that, in reality, the analyses generally compared adults to pediatric patients.
One study found those 3-yr DFS good-risk AML patients was better if patients were
<20 yr old, compared to 220 yr of age (2); this was confirmed in another study using
the same age cutoff criteria (5). One study used age as a continuous variable in the
analysis; however, the median age of the entire series was 26 yr, meaning that a large
pediatric population was included in the overall analysis (7).

Tables 2 and 3 show similar data concerning the influence of age on outcome of
allo-BMT for patients with acute lymphoblastic leukemia (ALL) (Table 2) and chronic
myeloid leukemia (CML) (Table 3). The original series reported by Thomas et al. (9)
of BMT for ALL was a series of patients <30 yr old: Age did not influence outcome,
presumably meaning that younger pediatric patients have a prognosis similar to older
pediatric patients. As was the case in the series of AML, some studies found a correlation
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Table 2
Influence of Age on Outcome of Allo-BMT for ALL
Yr
Author (ref.) published Comment
Thomas et al. (9) 1979 22 pts, all aged <30 yr; age did not influence outcome.
Barrett et al. (10) 1989 690 pts reported to IBMTR; age 216 yr associated with
T treatment failure vs <16 yr.
Wingard et al. (11) 1990 74 pts; EFS not influenced by age.
Doney et al. (12) 1991 192 pts; median age 22 yr; T pt age associated with l
DFS and { OS.
Uckun et al. (13) 1993 83 pts; age not associated with risk of relapse.
Sutton et al. (14) 1993 184 pts; age not associated with TRM, LFS, or relapse.
Frassoni et al. (15) 1996 790 all in CR1 reported to EBMT; median age 22

(range 1-51 yr); increased age (continuous variable)
associated with | LFS.

Pts, patients; CR, complete remission; OS, overall survival; IBMTR, International Bone Marrow
Transplant Registry; DFS, disease-free survival; TRM, treatment-related mortality; LFS, leukemia-free
survival; EFS, event-free survival, EBMT, European Bone Marrow Transplant Registry.

Table 3
Influence of Age on Outcome of Allo-BMT for CML
Yr
Author (ref.) published Comment
Thomas et al. (16) 1986 198 pts; age not associated with OS when interval from
diagnosis to transplant included in analysis.
McGlave et al. (17) 1987 57 pts; OS better if age <30 vs >30 yr.
Martin et al. (18) 1988 66 pts with accelerated phase; age not associated with OS.
Goldman et al. (19) 1988 405 pts reported to IBMTR; ) age associated with l os
and | LFS.
Biggs et al. (20) 1992 115 pts; age not associated with LFS.
McGlave et al. (21) 1993 196 matched unrelated donor transplant pts; younger age
associated with T DFS.
Gratwohl et al. (22) 1993 1480 pts reported to EBMT; Age >20 (vs <20 yr)
associated with 4 LFS and T TRM.
Bacigalupo et al. (23) 1993 100 pts; age not associated with OS or leukemic relapse.

Pts, patients; CR, complete remission; OS, overall survival; IBMTR, International Bone Marrow
Transplant Registry; DFS, disease-free survival; TRM, treatment-related mortality; LFS, leukemia-free
survival; EFS, event-free survival; EBMT, European Bone Marrow Transplant Registry.

of outcome with age; many others did not. Thus, the overall data is inconsistent regarding
the influence of age on transplant outcome.

Most of the series that did find a negative association of increasing age on transplant
outcome had a median patient population age in the twenties, again implying that a
significant proportion of the transplanted patients were pediatric patients, which means
that the overall analysis thus was an examination of comparing adults vs pediatric
patients, instead of specifically studying outcome based on older age. Of the series that
specifically looked at leukemic relapse (13,14,23), none found an association of leukemic
relapse with age.
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Therefore, in a manner similar to the data of allo-BMT for AML, the data of allo-
BMT for ALL and CML reveals that the influence of age on transplant outcome is
conflicting, because some reports found negative association, but others did not. Many
of the reports that did find an age influence included a heavy pediatric population,
making the analysis one of comparing children with adults, rather than comparing
older adults with younger adults. Finally, although some reports did suggest age, as a
continuous variable, was associated with decreased DFS and/or OS, no report found
that increasing age was associated with higher relapse rates, and no series reported an
upper age cutoff at which TRM is prohibitively so high as to preclude attempting
the transplant.

3. INFLUENCE OF AGE ON GVHD

One reason why some authors postulate that survival is decreased in older patients
receiving allo-BMT is that the risk of GVHD is increased in older patients. Table 4
is a summary of series reporting the influence of age on both acute GVHD and chronic
GVHD. Again, data are conflicting. Some reports did find a higher incidence of GVHD
in older patients, and others did not. The large series reported by Gale et al. (25) in
1987, found that increased age is associated with an increase incidence of acute GVHD,
but this was biased by a high incidence of female donor to male recipient transplants;
when the analysis was reperformed, of 1818 patients who were not female-to-male
transplants, there was no age effect on overall outcome. The large series report in 1995
from the European Bone Marrow Transplantation Registry (EBMT) (28) did not find
an association of age with an increased incidence of any grade of GVHD. Other reports
that did find an influence of age, again, tended to compare adult patients with pediatric
patients, comparing patients more than 18 (26), 17 (31), or 23 yrs of age (24), with
their younger counterparts.

The influence of age on the data of chronic GVHD is somewhat more consistent,
because most series report an increased incidence of chronic GVHD with increasing
age. However, most of these series again compare adults to pediatric patients, using
age cutoffs of 20 or 17 yr to compare patient groups. One study of T-cell-depleted
patients (35) found that age was not associated with an increased risk of GVHD,
although patients greater than 20 yr of age were associated with increased risk of
treatment failure.

This data, when examined in aggregate, strongly suggests that the incidence of both
acute and chronic GVHD is somewhat higher in adult patients, when compared to
pediatric patients. There is little data, however, suggesting that the incidence of GVHD
is significantly higher in older adults, compared to younger adults, and there is little
data to suggest that there is an age at which the incidence of GVHD is so prohibitively
risky as to withhold the potential benefits of allo-BMT.

4. DATA SPECIFICALLY EXAMINING
BMT OUTCOME IN OLDER ADULTS

Many reports have been published over the past decade specifically examining the
outcome of both allo- and autotransplantation in older patients. Several early series,
based on small numbers of patients, were published (36-38), which suggested that
either there was no difference in outcome in older patients greater than 40 yr, compared
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Table 4
Influence of Age on Development of GYHD
Yr

Author (ref.) published Comment

Acute GVHD

Bross et al. (24) 1984 136 pts; T risk of a GVHD in pts aged >23.7 yr.

Gale et al. (25) 1987 2036 pts reported to IBMTR; median age 21 yr; T age
associated with T incidence of AGVHD, but biased
by high incidence of female — male transplants;
analysis of 1818 pts not female — male found no
age effect.

Weisdorf et al. (26) 1991 469 pts; median age 21 yr; Age 218 yr associated with
T risk of AGVHD.

Nash et al. (27) 1992 446 pts; pt age associated with T a GHVD univariate
analysis, but not in multivariate analysis.

Gratwohl et al. (28) 1995 1294 pts with CML report to EBMT; age not associated
with T incidence of any grade of AGVHD (<20 vs

>20 yr).

Hagglund et al. (29) 1995 291pts; age (<17 vs >17 yr). Not associated with T risk
of AGVHD.

Chronic GVHD

Sullivan et al. (30) 1988 164 evaluable pts; median age 23; age >20 (vs <20 yr)
associated with T mortality from CGVHD.

Bostrém et al. (31) 1990 466 pts reported to EBMTR; increased risk of CGVHD
in pts aged >17 (vs <17 yr).

Atkinson et al. (32) 1990 2534 pts reported to IBMTR surviving 90+ d post-
BMT, median age 23 yr; age >20 (vs <20 yr)
associated with | risk of CGVHD.

Loughran et al. (33) 1990 169 pts; age (continuous variable) associated with T
risk of CGVHD (univariate), not in a multivariate
analysis.

Ochs et al. (34) 1994 469 pts; age 218 yr associated with T risk of CGVHD.

Marmount et al. (35) 1991 731 T-cell depleted pts; age not associated with T

GVHD, but age >20 yr associated with T risk of
treatment failure.

Pts, patients; CR, complete remission; OS, overall survival; IBMTR, International Bone Marrow
Transplant Registry; DFS, disease-free survival; TRM, treatment-related mortality; LFS, leukemia-free
survival; EFS, event-free survival; EBMT, European Bone Marrow Transplant Registry; AGVHD, acute
graft-versus-host disease; CGVHD, chronic graft-versus-host-disease.

to younger patients, or reported that, although the risks may be somewhat greater, the
curative potential of the transplant outweighed the potential risks in older patients.
Since that time, many series have confirmed these initial findings. Bér et al. (39)
compared three patient groups (ages 40-49, 30-39, and less than 30 yr) receiving T-
cell-depleted allo-BMT for acute leukemia in remission, or CML in chronic or acceler-
ated phase. They found that event-free survival (EFS) at 3 yr was identical for patients
more than 39 yr, compared with those 30-39, and less than 30 yr. Ringdén et al. (40)
reported a series of more than 2000 patients reported to the International Bone Marrow
Transplant Registry of allo-BMT for leukemia, and compared outcome in four groups:
those age 30-39, 40-44, 45-49, and 50 yr and older. Two-yr DFS was identical in
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Table 5
Influence of Age on Outcome of ABMT
Yr

Author (ref.) published Comment

Sweetenham et al. (45) 1994 901 adult pts reported to EBMT with NHL; PFS and
OS similar in pts < 55 vs 2 55 yr.

Cahn et al. (46) 1995 111 AML CR1 pts reported to EBMT; no difference
in relapse of pts aged > 50 vs those < 50 yr; T
TRM in older adults (28 vs 14%), which resulted
in { OS (35 vs 48%, p = 0.004).

Miller et al. (47) 1996 506 pts, 101 age > 50 yr; pts > 50 yr had T risk of
TRM, but no T risk of relapse, slight | in EFS.

Kusnierz-Glaz et al. (48) 1997 500 adult and pediatric pts; EFS 34% pts aged =50
yr vs 46% in younger pts (p = 0.03).

Copelan et al. (49) 1996 885 pts reported to OBMTC; OS the same for pts
aged < 19 vs 20-34 vs 35-49 vs 50-69.

Lazarus et al. (50) 1996 3744 pts with NHL or BC reported to ABMTR,;

TRM and OS the same in pts aged 20-39 vs
40-49 vs 50-59 vs 60-69 yr.

Pts, patients; CR, complete remission; OS, overall survival; IBMTR, International Bone Marrow
Transplant Registry; DFS, disease-free survival; TRM, treatment-related mortality; LFS, leukemia-free
survival; EFS, event-free survival; EBMT, European Bone Marrow Transplant Registry; OBMTC, Ohio
Bone Marrow Transplant Consortium.

the treatment groups. There was no difference in leukemic relapse. There was a slightly
increased TRM in patients greater than 45 yr of age.

Rapoport et al. (41) compared EFS in patients >40 yr old with those <40 yr old
undergoing either allo-BMT or ABMT. Of patients receiving allo-BMT, 3-yr EFS was
actually improved among older patients (56 vs 26%, p = 0.057). However, this difference
chiefly resulted from a higher proportion of patients with CML and early-stage leukemia
in the older age group. The outcome of autotransplantation for non-Hodgkin’s lymphoma
(NHL) and Hodgkin’s disease (HD) found no difference in EFS (41).

Cahn et al. (42) compared 192 patients over 40 yr with a group of over 1000 patients
aged 16-40 yr reported to the EBMT. Leukemia-free survival, transplant-related to
mortality, and OS were the same in the two patient populations groups.

Du et al. (43) compared the outcome of allo-BMT in patients over the age of 50
yr, vs those age 40-50 yr, vs those age 18—39 yr. OS was the same in the three age
cohorts. The incidence of GVHD was also comparable.

Ringdén et al. (44) examined the outcome of unrelated allo-BMT in patients above
the age of 40 yr, compared with younger patients, median age 23 yr. There was a trend
toward a higher TRM in patients >40 yr of age (46 vs 32%, p = 0.16). Three-yr patient
survival times were similar in the two groups.

Table 5 summarizes other reports addressing the influence of age on the outcome
of auto-BMT. Although there was some suggestion that TRM might be higher in older
patients, most of these series report that there is no effect of age on transplant outcome.
The largest series, presented at the meeting of the American Society of Clinical Oncology
in 1996 (50), found no influence of age on OS for patients undergoing autotransplanta-
tion. None of the studies, including those finding a slightly decreased OS in older
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Table 6
100-D Mortality of Cleveland Clinic Foundation BMT Patients 1992-1997
Age 100-D mortality p-Value
Type of transplant (yr) N (%) (Chi-square)
Auto-PBPC
Breast cancer 0-29 9 0 0 0.56
30-39 77 0 0
40-49 171 4 2
50+ 86 2 2
Auto-PBPC
NHL and HD 0-29 53 3 6 0.59
30-39 69 4 6
40-49 94 8 8
50+ 102 11 11
Allo -BMT
Matched sibling donor 0-29 32 4 13 0.60
30-39 44 8 18
40-49 58 14 24
50+ 14 3 21

PBPC, primed peripheral blood progenitor cells; NHL, non-Hodgkin’s lymphoma; HD, Hodgkin’s
Disease.

patients, suggested that transplant should not be offered to patients in the fifth, sixth,
or seventh decade of life. All concluded that this potentially curative therapy was
appropriate for these age groups, if clinically indicated.

5. CLEVELAND CLINIC BMT OUTCOME DATA BY AGE

Tables 68 summarize the patients undergoing BMT at the Cleveland Clinic Founda-
tion from 1992 through 1997. This time frame was chosen in order to ensure that all
patients had a minimum of 18 mo follow-up. Table 6 shows 100-d mortality after
autologous stem cell transplantation (ASCT) for breast cancer, and of matched sibling
donor allo-BMT for any diagnosis. There is no difference in 100-d mortality, in either
auto- or allotransplantation, by age cohorts. Because the presumed reason to exclude
older patients from transplantation is related to toxicity of the transplant regimen, the
fact that the 100-d mortality was not affected by age is compelling evidence not to
have exclusionary criteria in BMT protocols, based solely on age.

Tables 7 and 8 show OS and DFS of the same groups of patients, respectively. The
stage I'V/metastatic breast cancer population showed a trend toward improved survival
in young patients, although differences in OS or DFS differences were not statistically
significant. There was little difference in transplant outcome of NHL and HD patients,
by age, as shown.

Allo-BMT outcome again showed that there was a trend toward improved OS and
DFS in the younger patient population, although this was not a statistically significant
difference. Patients over 50 yr actually had a greater DFS with allo-BMT than did
patients age 40—49 yr, although, again, this was not a statistically significant difference.

The author’s own institutional data, therefore, mimics much of the data reviewed
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Table 7
OS of BMT Patients at Cleveland Clinic Foundation 1992-1997
Overall
survival
Age 1yr 2yr p-Value
Transplant and diagnosis type (yr) N (%) (%) (log-rank)
Auto-PBPC
Breast cancer 0-39 41 85 63 0.14
Metastatic/stage IV 40-49 100 71 45
50+ 46 68 37
NHL and HD 0-29 53 84 77 0.25
30-39 69 80 75
40-49 94 77 68
50+ 102 72 61
Allo-BMT
Matched sibling donor 0-29 32 59 52 0.12
30-39 44 61 53
40-49 58 45 36
50+ 14 38 36

PBPC, primed peripheral blood progenitor cells; NHL, non-Hodgkin’s lymphoma; HD, Hodgkin’s
disease; OS, overall survival.

earlier in this chapter. Specifically, 100-d mortality and overall transplant outcomes
are similar in older patients, compared with younger patients. Younger patients may
have a trend toward improved outcome, but the real issue is that there is no evidence
to suggest that the outcome in older patients is so bad as to exclude them from the
curative potential of ASCT/ABMT or allo-SCT/BMT.

6. SUMMARY AND COMMENTARY

Allo-BMT clearly has the ability to cure patients with various types of leukemia
and other malignancies, who are otherwise incurable with conventional doses of chemo-
therapy. In a similar manner, ASCT has been shown to be potentially curative in patients
with NHL, HD, and other diagnoses, when conventional therapy offers no such chance
of cure. The fact that BMT is potentially curative therapy for patients otherwise incurable
is, therefore, not a question. The question at hand is, should older patients be denied
this potentially curative therapy?

The answer is, quite simply, that they should not. Older patients might have a slightly
higher TRM risk; they may have an increased risk of both acute and chronic GVHD;
and these risks may or may not have a deleterious impact on OS and DFS. However,
there is no data that suggest that these potential risks prohibit an attempt to cure an
older patient, who is otherwise healthy, of their underlying malignancy.

The decision to transplant any patient, regardless of age, involves evaluations of the
risks of the procedure vs the potential benefits of the procedure. The risks that need
to be determined include an assessment of the patient’s underlying clinical status from
cardiac, hepatic, renal, pulmonary, and other perspectives. If a patient in their fifties,
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Table 8
DFS of BMT Patients at Cleveland Clinic Foundation 1992-1997
DFS
Age 1yr 2yr p-Value
Transplant type/diagnosis (yr) N (%) (%) (log-rank)
Auto-PBPC
Breast cancer 0-39 41 58 43 0.10
Metastatic/stage IV 40-49 100 38 19
50+ 46 42 29
NHL and HD 0-29 53 64 57 0.17
30-39 69 76 68
40-49 94 70 62
50+ 102 64 54
Allo-BMT
Matched sibling donor 0-29 32 52 49 0.16
30-39 44 52 46
40-49 58 38 26
50+ 14 36 36

PBPC, primed peripheral blood progenitor cells; NHL, non-Hodgkin’s lymphoma; HD, Hodgkin’s
disease; DFS, disease-free survival.

sixties, 0. even older, is physiologically healthy, the data presented in this chapter
strongly suggest that there is no reason that such an older patient be denied the potentially
curative therapy of BMT. After reviewing this literature, the recommendation of this
author is to delete eligibility criteria in BMT protocols that exclude patients solely on
the basis of older age. There is no compelling evidence to support such arbitrary
exclusions based on age.
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1. ALLOGENEIC UMBILICAL CORD BLOOD
CELL TRANSPLANTATION

Allogeneic transplantation (allotransplantation) can cure a significant fraction of
patients with high-risk or recurrent hematologic malignancies (1). However, this
approach has been limited by the availability of suitable human leukocyte antigen
(HLA)-matched related donors, and by the occurrence of severe graft-vs-host disease
(GVHD) when bone marrow (BM) from HLA-matched unrelated donor (MUD), or
partially HLA-mismatched family member grafts, are utilized (2—4). Attempts to reduce
GVHD in recipients undergoing allotransplantation with MUD, or partially HLA-
mismatched family member grafts by T-cell depletion (TCD) has been shown to reduce
acute GVHD. However, this benefit of reduced GVHD is offset by increases in the
rates of graft failure, lymphoproliferative disorders associated with Epstein-Barr virus,
and recurrent leukemia (5,6).

Approaches to identify alternative unrelated donors initially focused on the estab-
lished of volunteer living donor registries, including the National Marrow Donor Pro-
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Table 1

Advantages of UCB vs Bone Marrow as Alternative Source of
HSC:s for Allotransplantation

1. Placental or UCB is an abundantly available source of stem cells that can be harvested at
no risk to the mother or infant.

2. Ethnic balance in a cord blood repository can be maintained automatically in heterogeneous
populations, or can be controlled via collection from birthing centers representing targeted
minority populations.

3. Important infectious agents, particularly cytomegalovirus, are much less common in the
newborn than in adults, and will be less likely to contaminate UCB.

4. UCB, cryopreserved and banked, could be made available on demand, eliminating delays
and uncertainties that now complicate marrow collection from unrelated donors.

5. The intensity of graft-vs-host reactivity of fetal lymphocytes may be less than that of adult
cells, suggesting that transplantation of UCB will result in less GVHD than transplantation
of BM.

6. Frozen UCB can be easily shipped and thawed for use when needed, compared to freshly
donated BM, which has a limited shelf-life, necessitating coordination between harvesting
surgeons, transportation, and transplantation teams.

7. There is an undistorted accumulation of HLA types encountered, because, unlike volunteer
donors who usually retire from the registry, stored placental blood suffers no attrition, except
by clinical use, or by culling and substitution.

gram. Because HLA antigens (Ags) are genetically linked, the likelihood of finding an
unrelated identical match is dependent on the ethnic background of the recipient, and,
because volunteer donor pools are comprised primarily of Caucasians, the likelihood
of a patient of ethnic minority heritage, e.g., Black, Asian, Hispanic, or American
Indian, finding a suitable match in volunteer donor registries is small (7). In addition
to possible ethnic imbalances in existing donor registries, logistical problems also
decrease the probability of actual donation with time from registration. More than 10%
of donors listed in each registry are lost per year, because they have become untraceable,
or because of age censoring. Further compounding the problem is the cumbersome
process of identifying, typing, and harvesting an unrelated donor, with the time interval
between initiation of a search and the donation of marrow averaging a minimum of
4-6 mo. This is impractical for some patients whose underlying disease may not
stabilize for a long-enough period of time to allow for this process to occur.

Unrelated umbilical cord blood (UCB) offers advantages over the use of matched
unrelated BM from adult donors, including ready availability, ease of collection, absence
of risk to the donor, and lack of contamination by latent viruses. Table 1 outlines the
advantages of UCB as an alternative source of hematopoietic stem cells (HSCs) for
allotransplantation.

2. PRECLINICAL STUDIES AND CLINICAL REPORTS

Transplantation of UCB from partially HLA-matched related and unrelated donors
has been shown to successfully engraft pediatric patients (and a few reported adult
patients) with hematologic malignancies, immunodeficiency syndromes, inborn errors
of metabolism, or marrow failure syndromes (8-16,20,21). An unrelated UCB bank,
supported by the National Heart Lung and Blood Institute, was established at the New
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, Table 2
UCB-related and -Unrelated Allotransplantation: Clinical Results
Median Grade Event-free
No. age II-1V acute Probability ANC > survival
patients (yr) GVHD (%) engraftment 500MLL (d) (%) Ref.
44 4 3 .82 22 62 7
25 7 43 92 22 48 8
18 27 50 1.0 24 48 9
143 6 24 .87 30 29-63 6
562 - 46 91 28 22-62 17

“EFS percentages shown are Kaplan-Meier estimates.

York Blood Center in 1992. Over the past 6 yr, approx 9000 UCBs have been banked
at this facility, and this group recently reported outcomes for 562 transplants per-
formed (16).

One would expect improved survival, if the graft-vs-leukemia (GVL) effects of
allotransplantation, mediated by T-cell interactions between the donor graft and host
leukemia-associated or major histocompatibility complex (MHC)-restricted Ags (17—
19), could be elicited, independent of the complications of severe GVHD. The incidence
and severity of acute and chronic GVHD observed in UCB recipients, the majority of
whom are children, has thus far been lower than that previously reported in recipients
of MUD or partially HLA-mismatched family member grafts (8-13,16). The degree
and/or type of HLA disparity effects on UCB transplant outcomes is currently not well
understood. Initial reports pointed to a lack of correlation between HLA disparity and
incidence of GVHD (13). Nevertheless, more recent data points to HLA disparity as
an important indicator of UCB transplant outcomes (16). At this point, it is unclear
whether the decreased incidence of GVHD associated with UCB grafts also results in
a decrease in GVL effects. Clinical reports of allogeneic UCB recipients have not
pointed to increased relapse rates, but patient numbers are small, and length of follow-
up thus far is of short duration.

Early UCB allotransplantation clinical reports point to significant delays in time to
hematopoietic recovery, with median to attained neutrophil recovery of 26 d, and overall
probability of engraftment in the range of 90%. GVHD grades II-IV are reported to
range 35-40%, with the majority of recipients receiving grafts disparate at two or more
loci. Table 2 summarizes published clinical reports of these early trials using UCB
grafts for allotransplantation.

Although graft cell dose is a consistent indicator of time to hematopoietic recovery,
the number of HSCs required to provide durable engraftment in an ablated adult
recipient is not established. Although some reports have included a few adult recipients
transplanted with UCB, a critical issue is whether UCB contains sufficient numbers of
HSCs to predictably engraft full-stature adults. UCB graft variables, including cell
count, CD34, and colony-transforming unit (CFU) content, have been studied to deter-
mine those factors with consistent predictive value for time to myeloid engraftment.
The author et al. (20,21) have reported preliminary experience with using this alternative
stem cell source in adult recipients. Preliminary analyses indicate that UCB contains
sufficient HSCs to provide long-term engraftment in adult recipients over 40 kg in
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weight. Although significant delays in time to hematopoietic recovery are observed in
these adult recipients, the time to neutrophil, red blood cell (RBC), and platelet recovery
does not differ significantly, compared with that observed in children grafted with
UCB. Nevertheless, there are further uncertainties concerning UCB grafting from unre-
lated donors into adult patients: will the reduced incidence and severity of GVHD
observed thus far in pediatric recipients hold true for adult recipients; what is the time
required for immune reconstitution; and are GVL/lymphoma effects maintained?

3. UMBILICAL CORD CELL TRANSPLANTATION

3.1. Graft Characteristics and Hematopoietic Recovery

Hematopoietic reconstitution is delayed after UCB grafting, compared with conven-
tional allogeneic BM or peripheral stem cell grafts. The cause of delayed hematopoietic
recovery in UCB recipients is not clear, but it may result from either reduced HSC
dose, or from the fact that UCB contains a higher proportion of immature progenitor
cells. Although the durability of these UCB grafts has not been studied extensively,
given the limited follow-up in published reports, to date, there have been only four
late graft failures observed in patients receiving gancyclovir for cytomegalovirus infec-
tions (16). UCB graft analyses that have predictive value for hematopoietic engraftment
include reinfused mononuclear cell (MNC) and CFU assays (8—13,16). UCB grafts
contain 2-2.5 x 10* granulocyte-macrophage-CFU/mL sample, and can be stored in a
cryopreserved state for as long as 10 yr, with no adverse effect on cell viability at the
time of thawing (22). CD34 quantification has thus far not been consistently predictive
of time to hematopoietic engraftment in UCB recipients. The lack of correlation between
CD34 content of infused UCB grafts and time to hematopoietic engraftment may be
related to the quantification of CD34 in these UCB grafts postthaw, rather than prior
to cryopreservation, and/or to reduced surface epitope density (23,24) of CD34 on
UCB progenitor cells. In vitro analyses of UCB CD34 progenitors, compared with
adult marrow and peripheral blood stem cells, point to a less-mature phenotype (25).

Because of concern that manipulation of UCB, including centrifugation, MNC frac-
tionation, or RBC depletion, would result in loss of hematopoietic progenitor cells,
and because fetal RBCs are larger than adult RBCs, rendering standard density gradient
separation techniques inefficient in separating out UCB MNC fractions, the early
banking of UCB included cryopreservation without volume reduction, RBC depletion,
or MNC isolation. Since the hematocrit of UCB is high (55-70%), a large volume of
RBCs are included in the cryopreserved unit, and are subsequently lysed upon thawing,
delivering a significant load of free hemoglobin to the recipient during infusion. Subse-
quently, with the development of efficient methods to fractionate UCB, thereby removing
RBCs and decreasing volume for cryopreservation, collected UCB units are routinely
fractionated prior to cryopreservation (26—29). Concern within the transplant community
prompted an initiative sponsored by the National Heart Lung and Blood Institute in
1995 to focus on all aspects of UCB transplantation, including the development of
standard operating procedures for the collection and processing of UCB for grafting
(30). This work is currently ongoing to establish three UCB banks, six transplant
centers, and one medical coordinating center.

Effects of graft cell dose on the rate of hematopoietic recovery and transplant survival
has laid the basis for laboratory and phase I clinical trials focused on ex vivo expansion
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of UCB grafts. Although early clinical trials reported thus far do not point to more
rapid hematopoietic recovery in UCB recipients, laboratory studies reveal that UCB
primitive hematopoietic stem and progenitor cells differ from those collected from
adult donors (31). UCB contains hematopoietic progenitor cells at a higher frequency,
and these UCB progenitors also have a higher proliferative capacity. Laboratory studies
reveal that 1-wk liquid cultures of CD34-enriched UCB progenitor cells, in the presence
of early-acting cytokines, results generally in a 2—3-fold expansion of progenitors capable
of reinitiating long-term stromal cell cultures (32). An important observation in these
studies is that CD34 selection may be necessary for optimal expansion of UCB (33).
Obvious concerns are raised in ex vivo expansion of UCB, about whether differentia-
tion of primitive stem cells will increase the risk of late graft failure (34). Preliminary
work points to the presence of immature progenitors that have limited proliferative
response to cytokines, thereby maintaining the stem cell component in expanded UCB
grafts, and, further, that observed cell expansion is derived from committed progenitor
cells (35). These preclinical studies identify questions yet to be addressed, including
the role of accessory lymphoid populations in ex vivo expanded allogeneic grafts
(36,37), as well as the role of stromal elements in maintaining immature stem cells
with self-renewal capacity during expansion (38—40). UCB HSCs have also been studied
intensively as a possible target for gene transfer in gene therapy trials. Improved
retroviral transduction of UCB hematopoietic progenitor cells has been reported (41,42).

3.2. Incidence and Severity of Acute and Chronic GVHD

HLA disparity between the donor and recipient is the most powerful factor governing
severity of GVHD (43). Because of the extreme polymorphism of the HLA system,
the current probability of finding a MUD via the available large volunteer donor
registries is only approx 20%, leaving approx 50% of patients still without a donor.
Because histocompatibility is a key determinant in the development of GVHD after
allotransplantation, molecular characterization of HLA class I and IT Ags assists in the
selection of the best available family or unrelated donor graft. Age of both the donor
and recipient is another key factor associated with the development of acute GVHD.
Graft source is also a key factor influencing the incidence and severity of GVHD after
allotransplantation. A high incidence of acute GVHD has been observed with marrow
from HLA-MUDs, compared with matched sibling grafts, despite HLA matching at
high-resolution molecular tissue typing. This may be attributable to reactivity of donor
T-cells, with recipient minor histocompatibility Ags presented within the MHC (44,45).
Minor histocompatibility Ag disparity is expectedly greater between unrelated indi-
viduals.

Unmodified BM generally contains approx 1 x 10" MNCs, with up to 10-15%
mature T-cells. Almost all clinical reports show a significant reduction in the incidence
and severity of acute GVHD when TCD of the graft is performed. However, overall
survival is not improved with TCD of the graft, because of associated increases in the
rates of graft failure and recurrent leukemia. The cumulative results of these TCD trials
thus far (46—48) point to the importance of quantifying and characterizing the absolute
numbers of residual graft T-cells, T-cell subsets, and progenitor and accessory cells,
to reduce GVHD, while preserving engraftment potential and GVL effects.

GVHD is dependent on alloreactivity of T-lymphocytes contained in the donor graft,
which proliferate in response to disparate histocompatibility Ags on host tissues. These
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alloreactive T-lymphocytes directly, or indirectly (via natural killer [NK] cells and/or
release of lymphokines), attack recipient cells. Tolerance can be achieved first by
elimination (clonal deletion) in the recipient thymus of host reactive immature CD3*
CD4*CD8* T-cells directed toward class I MHC (MHC-II) Ags by marrow-derived
Ag presenting cells (APCs). Tolerance induction to MHC-I Ags, as well as minor
histocompatibility Ags, also occurs peripherally after allotransplantation. Murine studies
point to the presence of two sets of APCs in the periphery, to maintain tolerance in
mature T-cells: stimulatory APCs (e.g., macrophages and dendritic cells) and deleting
APCs (veto cells) (49). Alternatively, the presence of specific suppressor T-cell or
deleting APCs (veto cells) in the graft may be of importance in the development of
transplantation tolerance in the recipient. Here, host MCH-I restricted cytotoxic T-
lymphocytes specific for donor-cell Ags receive negative, deletional signals from donor
CD8* APCs (veto cells) (50).

Although the exact mechanism underlying the observed decreased incidence of severe
GVHD after allogeneic UCB transplantation is unclear, it may be related to fetal immune
tolerance to noninherited maternal Ags. Initial in vitro analyses of UCB pointed to a
low frequency of alloreactive lymphocytes in UCB, but recent reports (51) demonstrate
that UCB contains normal frequencies of cytotoxic and helper T-lymphocyte precursors
against noninherited maternal and paternal Ags.

Further immunologic features, unique to UCB, to explain this observed reduction
in elicited GVHD, include phenotypic analysis of lymphocyte populations contained
in UCB grafts, notable for the presence of a predominant population of immature
unprimed T-lymphocytes, which may serve to limit the cytokine and cellular cascade
necessary to amplify donor alloreactivity to recipient Ags (52,53). Alternatively, this
low incidence of GVHD may be related to the extensive immunosuppression from the
preparative regimens, provided to ensure donor engraftment, or to the lower dose of
UCB graft T-cells infused.

Several in vitro studies of UCB point to the inherent lack of full expression of
immunomodulatory cytokines by alloreactive T-cells contained in UCB grafts (54,55).
Saito et al. (56) reported reduced interleukin 2 receptor (IL-2R) y-chain expression in
UCB early and mature lymphoid cells (T-, B-, NK), in part accounting for their relative
unresponsiveness to allogeneic stimuli. IL-2R y-chain expression in UCB lymphocytes
was notably one-third that of adult cells. The IL-2R y-chain is shared with receptors
for IL-4, IL-7, IL-9, and IL-15. In primary mixed leukocyte culture, UCB T-cells
demonstrate proliferative responses to allogeneic stimulation, but little generation of
cytotoxic effector function. In addition, restimulation of primary UCB cultures results
in a state of proliferative unresponsiveness (57). Therefore, the reduced GVHD summa-
rized in clinical reports after UCB may be related to these in vitro observations that
immunologically competent cells contained in an UCB graft, although capable of
recognizing noninherited Ags, do not elicit the normal cascade of events to expand
these alloreactive lymphocytes. Preliminary observations point to reduced expression
of nuclear factor of activated T-cells-1 as an important molecular mechanisms underlying
this reduced cytokine production by UCB T-cells (58).

3.3. Rate and Quality of Immunologic Recovery

Following allotransplantation, all patients experience a period of profound immuno-
deficiency. Immune reconstitution of T- and B-cell compartments following allotrans-
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plantation may require as long as 12—24 mo. The slow process of immune reconstitution,
together with postengraftment immunosuppression, create an immunologic environment
in which the host is susceptible to opportunistic infections (59), as well as to virally
induced malignancies (60). Recipients of unrelated donor or HLA-nonidentical trans-
plants appear to have a higher rate of infectious complications than matched sibling
allotransplant recipients. Also, GVHD and its treatment also delays immune recovery
after allotransplantation.

By reducing the incidence and severity of GVHD, graft TCD would be expected to
benefit immune reconstitution. Such a benefit, however, may be counteracted by the
removal of functionally mature cells from the treated BM graft. Reported studies have
shown variable quantitative and temporal differences in immune recovery following
allotransplantation utilizing TCD grafts (61-65). These reports point to immune recons-
titution in patients who underwent TCD BM transplantation (BMT) using either closely
MUDs or partially matched familial donors marked by depressed circulating total
lymphocytes, CD3, and CD4 T-cell counts until 2 yr posttransplant; CD8* T-cell counts
generally normalize by 18 mo, resulting in an inverted CD4:CDS8 ratio until 24 mo
posttransplant. Analysis of the pattern of immunologic recovery after allotransplantation
also may be useful in predicting the onset of GVHD. Soiffer et al. (63) observed higher
circulating CD8* T-cells and lower CD56* NK cells in patients who developed grades
2-4 GVHD, compared with those patients with grades 0—1 GVHD. This report, however,
may reflect unique biology of immune reconstitution in patients receiving CD6-
depleted grafts.

The author et al.’s preliminary analyses of immune recovery in UCB adult transplant
recipients points to immune recovery within the first year posttransplant (15,66). Inmune
recovery in this series of adult UCB transplant recipients was marked by profound
lymphopenia and immunodeficiency during the first 6—12 mo after transplant. However,
when immune recovery was attained, generally 9-12 mo after transplant, recovery of
both T- and B-cell function was noted. Immune function studies, including enumeration
of T-, B-, and NK cells via flow cytometric analyses, and T-lymphocyte proliferative
responses to mitogens, performed on these patients after transplantation with UCB,
revealed increased proportions of circulating lymphocytes expressing CD56*CD3" phe-
notype, indicating an NK rebound effect, as previously reported in BMT recipients
(67,68). However, the absolute lymphocyte counts measured in the early posttransplant
time period were very low, and the absolute numbers of circulating NK cells did not
differ from that of adult controls. Proportions and absolute numbers of B-cells were
noted to increase, beginning 6 mo post-UCB transplant, and persisted at 1-yr follow-
up, as previously described (69). It is unclear whether this B-cell rebound, observed
post-UCB transplant, is related to tapering of immunosuppressive drugs, including
cyclosporine, occult viral infections, and/or a recapitulation of normal B-cell ontogeny
in the adult transplant recipient. Lymphocyte proliferation responses to plant mitogens
ranged 30-50% that of normal controls during the first 6 mo post-UCB transplant.

3.4. Graft Vs Leukemia/Lymphoma

GVL effects after allotransplantation represent graft NK and T-lymphocyte interac-
tions with Ags expressed on malignant cells. The contributions and interplay between
NK and effector T-cells in the generation of GVL effects are not well defined. Because
leukemic blasts are weakly immunogenic (70), cells using MHC-nonrestrictive effector
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mechanisms, including NK, lymphokine-activated killer (LAK), and a subset of CD3*
CD8°CD4" T-cells, have been the focus of study for their contribution to the development
of cytotoxic T-lymphocytes (CTLs) specifically reactive with malignant cells. Graft T-
lymphocyte interactions with Ags expressed on leukemic blasts have been shown to
elicit GVL effects. Leukemia-reactive MHC-II-restricted CD4* CTL cell lines have
been generated from allotransplant sibling donors by stimulating their peripheral blood
lymphocytes (PBL) with leukemic blasts from the patient (71,72). Mechanisms of
presentation of tumor-associated Ags, in association with MHC molecules, moreover,
has been further elucidated with evidence of the exclusive presentation by marrow-
derived APCs (73).

Currently, the capacity of UCB to mediate GVL in vivo is unknown. The observations
of reduced GVHD elicited after UCB transplantation raises the question of concomitant
reduction of GVL effects. Current clinical reports utilizing UCB have not pointed to
increased relapse rates, but patient numbers are small and length of follow-up is short.
NK cells are the first lymphoid cell population emerging from the recovering BM after
near-ablative chemoradiotherapy. The role of NK cells in mediating GVL effects has
been verified in recent reports of higher relapse rates observed in CML patients (74),
with reduced circulating NK cells during the first 9 mo after allotransplantation. In
vitro phenotypic analyses of UCB have pointed to differences in lymphocyte subsets,
compared with adult PBL. A study reported by Harris et al. (75) demonstrated that the
proportion of cells expressing CD3, CD20, and CD56 were identical in UCB and PBL.
However, CDS cells are reduced, resulting in an increased CD4:CDS8 ratio. Han et al.
(76) did not verify this inversion of CD4:CDS8 ratio in UCB. These authors noted that
both the percentage and absolute number of CD4*CD8* T-cells are significantly increased
in UCB, and that, because UCB has a higher lymphocyte count, compared with adult
PBL, the absolute NK cell count is higher. Moreover, UCB LAK activity has been
shown to be more readily induced in UCB, compared with that seen in adult PBL.
These UCB LAK cells are able to lyse fresh leukemia targets from patients with acute
lymphoblastic leukemia, acute myeloid leukemia, and CML (77).

4. SUMMARY

Human allotransplantation is limited by a lack of available HLA-matched related
donors, as well as by the risk of significant GVHD when alternative HLA-matched
unrelated or partially mismatched family member grafts are utilized. These drawbacks
have prompted the evaluation of banked unrelated UCB as a substitute allogeneic
stem cell source. Thus far, clinical reports regarding UCB transplantation have focused
primarily on pediatric or young adult recipients of small stature. Clinical reports thus far
point to acceptable rates of hematopoietic engraftment and reduced GVHD, even when
HLA-disparate grafts are infused. Mechanisms of reduced GVHD in UCB grafting have
yettobe elucidated. Despite reduced acute and chronic GVHD, relapse rates in these UCB
recipients is low. Understanding of the mechanisms underlying these observed clinical
outcomes in recipients of allogeneic UCB grafts awaits further investigation.
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1. INTRODUCTION

There is no simple answer to the question posed in the chapter title. Comparisons
of total body irradiation (TBI) and busulfan (Bu) can only be made for the methods
and doses of administration that have been studied. The best Bu-based and best TBI-
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based regimens in specific situations have not been established. For Bu, in particular,
recent developments offer promise for improved results. Further, the relative effective-
ness of TBI and Bu may depend on the underlying disease, on the stage of disease,
the compatibility of the donor and recipient, and on other factors, including prior
therapy and co-existing medical problems. In many settings, there are advantages and
disadvantages for each approach.

The ability to safely and effectively administer either varies among different institu-
tions. The value of experience cannot be overstated. Learning curves exist for various
preparative regiments for bone marrow transplantation (BMT), including those using
Bu and TBI. In order to better understand the relative virtues and disadvantages of
these two agents, it is useful to first examine animal models and early human studies,
and then to critically analyze more recent investigations, including randomized studies.

2. ANIMAL MODELS

2.1. For TBI

Animal models of BMT evolved from attempts to protect individuals from lethal
radiation toxicity. Single exposure to high doses of TBI have been shown, in animal
models and in humans, to cause lethal cutaneous and gastrointestinal toxicities. Lower
doses, in the range of 1000 rads, cause sustained marrow aplasia and lead to lethal
infection or bleeding. Infusion of syngeneic cells from the marrow or spleen of mice
and guinea pigs could rescue these animals from lethal doses of irradiation (1,2),
leading to studies in dogs and humans (3-6). Dogs exposed to 4 Gy of TBI die from
complications of marrow failure. However, dogs exposed to 4-15 Gy can be rescued
by infusion of previously stored autologous marrow (7-9). Protection can also be
provided by marrow from allogeneic dog leukocyte antigen-identical littermates. How-
ever, engraftment of marrow from littermates requires TBI doses in excess of 9 Gy.
Unrelated or mismatched donor marrow engrafts only with TBI doses in excess of 15
Gy (10). When radiation is split into several fractions, such as over 4 d, higher doses
of radiation are required to ensure engraftment than when radiation is administered as
a single dose (15 Gy, compared to 9 Gy) (11).

The combination of myeloablation with (relative) sparing of other organs, achieved
with whole body irradiation, led Thomas (6) to utilize this technique to treat advanced
hematologic malignancies. Compared to drug therapy, advantageous features of TBI
are speed of delivery, lack of metabolites (which might interfere with the proliferation
of transplanted cells), potent immunosuppressive effects, antileukemic effectiveness,
lack of crossresistance with chemotherapy, the ability to reach privileged sites (including
the central nervous system), effectiveness independent of blood supply, and the potential
for shielding or boosting specific body parts.

2.2. For Bu

Santos and Owens (12,13) used cyclophosphamide (Cy) to achieve engraftment of
allogeneic marrow in mice and rats. One hundred mg/kg of Cy ensured consistent
and permanent engraftment of marrow from Lewis rats into histocompatible August
Copenhagen and Irish hooded gene (ACI) donors (/4). Rhesus monkeys engrafted
following Cy doses of 180 mg/kg administered over 2 d. As with irradiation, a larger
dose was needed if the Cy was administered over 4 d (15).

In contrast to irradiation and Cy, the drugs Bu and dimethylbusulfan cause severe
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granulocytopenia and thrombocytopenia, with minimal immediate affect on lymphocyte
levels or humoral antibody responses (16—19). These agents are not sufficiently immuno-
suppressive to permit allogeneic engraftment. However, they help achieve engraftment
when added to agents such as antilymphocyte serum (20). In rats, 200 mg/kg Cy is
needed to permit engraftment. However, when combined with 30 mg/kg Bu, 150 mg/
kg Cy suffices. Furthermore, the combination results in more rapid and complete
engraftment than Cy alone (14,21,22).

3. PILOT STUDIES

3.1. TBI in Humans

When TBI was first used as a single agent in two patients with acute lymphoblastic
leukemia (ALL) who were undergoing syngeneic BMT, leukemia recurred (23). Cy
was then added to TBI to provide more antileukemic effectiveness. Of 100 patients
with advanced leukemia, transplanted from human leukocyte antigen (HLA)-identical
siblings following preparation with TBI and Cy, 13 became long-term survivors (24).
Initial studies used a single exposure of 10 Gy. The predominant toxicity of single-
dose TBI was interstitial pneumonia (25,26). In a subsequent study, patients who
underwent transplantation in remission, who received fractionated TBI, achieved better
leukemia-free survival (LFS) rates (approx 50%) than did patients who received irradia-
tion in a single fraction (27,28). By administering TBI in multiple fractions, hematopoi-
etic cell toxicity was increased, compared to other organs, because of less efficient
repair of DNA damage in hematopoietic cells.

Subsequent studies by the Seattle group analyzed the effect of higher doses of
fractionated TBI on the incidence of relapse. Patients with acute myeloid leukemia
(AML) in first remission (29) and chronic myeloid leukemia (CML) in chronic phase
(30) were randomized to receive 120 mg/kg Cy with 12 Gy vs 15.75 Gy TBI. Patients
receiving higher radiation doses exhibited higher incidences of interstitial pneumonia,
hepatic veno-occlusive disease (VOD), and other transplant-related complications. They
experienced higher rates of transplant-related mortality (TRM). However, they also
had significantly lower incidences of leukemic relapse. Rates of LFS were similar with
both irradiation doses. The lower radiation dose regimens were judged superior, in that
failure because of relapse of disease is preferable to early death related to complications
of transplantation. Although these studies demonstrated the optimal irradiation dose in
these good-risk patients, this issue has not been adequately addressed in patients at
higher risk of relapse.

3.2. Bu in Humans

Preliminary human studies of high-dose Bu demonstrated that mucositis and veno-
occlusive disease were severe and dose-limiting at 20 mg/kg Bu (31,32). Bu (16 mg/
kg) and 200 mg/kg Cy (a substantially higher dose of Cy than that was utilized by
Thomas, with TBI), were used by Santos et al. (33) at Johns Hopkins, as preparation
for patients undergoing transplantation for AML. Initial studies demonstrated this
busulfan/cyclophosphamide (Bu/Cy) regimen to be effective in AML; however, trans-
plant-related complications, including TRM, were higher than with studies of Cy/TBI
(33). Because of the toxicity with 16 mg/kg BU and 200 mg/kg Cy (Bu/Cy,), Tutschka
et al. (34), at Ohio State, decreased the dose of Cy to 60 mg/kg (Bu/Cy,) on each of
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2 consecutive d in patients with AML. Initial results with this regimen demonstrated
success rates in AML similar to those reported with Cy/TBI. Bu/Cy, was then utilized
as a preparative regimen in other hematologic disorders. Results were analyzed in a
series of large multi-institutional trials (35-37).

To compare Bu-based regimens to TBI-based regimens, it is essential to define
ground rules for such a discussion. Substantial amounts of information are available
on various Bu-based and TBI-based regimens. To permit a meaningful comparison of
Bu to TBI, this discussion focuses primarily on traditional fractionated TBI regimens
with 120 mg/kg Cy vs 16 mg/kg Bu with 120 mg/kg Cy as preparation for allogeneic
BMT (allo-BMT). The relevant areas that require comparison are immunosuppressive
capacity, acute and delayed toxicities, and effectiveness against the underlying malig-
nancy.

4. IMMUNOSUPPRESSION

TBI is a potent immunosuppressive agent. In contrast to TBI, Bu does not acutely
lower the lymphocyte count (17-19). Bu is generally described as not being immunosup-
pressive, but animal and human studies demonstrate that high-dose Bu eradicates
lymphocytes, although much more slowly than irradiation (38,39). Neutrophil counts
also decline more slowly following high-dose Bu than following irradiation (35),
although the difference is not as dramatic as that for lymphocytes. Lymphoid and
hematopoietic reconstitution in animals and humans is similar following busulfan or
TBI (38,39). Thus, Bu does exert immunosuppressive activity, but this effect is delayed,
compared to that of irradiation.

Bu contributes substantially to the immunosuppressive capacity of the Bu/Cy regi-
men. Patients undergoing allo-BMT from HLA-identical siblings consistently engraft
following preparation with the Bu/Cy regimen (35-37). A single study suggested a
high rate of rejection of HLA-identical sibling marrow following Bu/Cy (40), but this
finding has not been supported by other studies. A small study of 16 mg/kg Bu and
90 mg/kg Cy demonstrated rapid and sustained engraftment in all recipients of HLA-
identical sibling grafts (41). Furthermore, unmanipulated, well-matched unrelated donor
marrow recipients also consistently engraft (42,43). There is a low incidence of graft
rejection in unrelated transplants, particularly as the degree of mismatch increases. It
appears that the rate of nonengraftment in unrelated transplants may be slightly greater
following Bu/Cy than with Cy/TBI (43). This is a logical expectation in view of the
inferior early immunosuppressive capacity of busulfan.

Slattery et al. (44) demonstrated a correlation between Bu levels and rejection. When
steady-state (C,,) levels of Bu were less than 200 ng/mL, 4/4 patients rejected grafts.
When levels were 200-600 ng/mL, 4/11 patients rejected grafts. At levels greater than
600 ng/mL, only 1/23 (a 1-antigen mismatched unrelated donor) patients rejected grafts.
This data also demonstrated that partially matched unrelated donors require higher C,,
levels of Bu than HL A-identical siblings: 600 ng/mL, compared to 200 ng/mL.

Slattery (45) further demonstrated that Cy is cleared more rapidly in patients who
have received high-dose Bu. The area-under-the-curve of hydroxycyclophosphamide,
the active agent, is greater following Bu than with Cy alone. Thus, Bu results in a
greater exposure to hydroxycyclophosphamide, and this exposure correlates with the
average steady-state level of Bu (45). Bu’s effect on Cy metabolism is, therefore, in
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part responsible for its immunosuppressive capacity as preparative therapy for trans-
plantation. As previously mentioned, animal studies have demonstrated that, when
combined with Bu, lower doses of Cy permit more rapid and complete engraftment
than with higher doses of Cy alone (15,21,22).

Bu exerts a potent immunosuppressive effect, but its delay well beyond the period
of marrow infusion makes it less helpful than TBI in preventing acute rejection. It does
contribute to the immunosuppressive effect of the Bu/Cy regimen, at least in part,
through its effect on Cy metabolism. Bu/Cy, leads to rapid and consistent engraftment
of unmanipulated marrow from well-matched sibling and unrelated donors. Bu/Cyj, is
not recommended for poorly matched related or unrelated transplantation, particularly
when accompanied by manipulation, such as T-cell depletion, of hematopoietic progeni-
tor cell grafts.

5. TOXICITY

5.1. Acute Toxicity

Accurate analysis of regimen-related toxicity (RRT) caused by the preparative regi-
men, independent of other factors (e.g., prior treatment, supportive care following
transplant, and the development of graft-vs-host disease [GVHD]), is virtually impossi-
ble. However, the system developed by Bearman et al. (46) provides a reasonable
mechanism for comparing toxicities of different regimens. The most common sites of
severe RRT are the liver, kidneys, and lungs.

Bearman et al. (46) identified the total dose of irradiation as the most significant
risk factor in predicting the development of RRT. Patients undergoing allotransplanta-
tion, those with advanced disease, and those receiving methotrexate in addition to
cyclosporine, had higher incidences of grade III and IV toxicity, demonstrating that
other factors contribute to RRT, and, in addition, emphasizing the complexity of
comparing regimens in studies using different patient populations and supportive
care techniques.

5.2. Hepatic Toxicity

Nevill et al. (47) demonstrated a 44% incidence of grade II or higher hepatic RRT
using Bu/Cy, similar to results from the same institution using TBI. In most studies,
however, the incidence of clinically detectable hepatic VOD in patients receiving Bu/
Cy approaches 50%, higher than is usually reported using fractionated irradiation
(48-50). Severe hepatic VOD also appears to occur more frequently following Bu
(49,50). A meta-analysis of randomized studies of Bu/Cy vs TBI identified a significantly
higher risk of VOD in patients conditioned with Bu/Cy (51). However, a randomized
study in CML from Seattle (52) was excluded from analysis, because the incidence of
VOD was not reported. However, the ratios of maximum bilirubin posttransplant,
compared to the pretreatment bilirubin and the incidence of bilirubin >3.0 mg/dL
posttransplant, were lower (though not significantly) in the Bu/Cy group in this study.
Patients receiving Bu preparative regimens, who previously received Bu (50) or nitro-
surea (53), or who received methotrexate for prevention of GVHD (47) were at signifi-
cantly greater risk for VOD.

VOD has not been frequently reported as a primary cause of death following trans-
plantation. However, in a study of patients prepared with Bu/Cy, those whose bilirubin
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rose to greater than 10 mg/dL within 100 d of transplantation experienced a 91% TRM
(54), compared to TRM for those whose bilirubin did not reach 10 mg/dL of 20%. In
29 patients whose bilirubin reached 10 mg/dL, and who came to autopsy, 18 had
pathologic evidence of VOD, and four had massive hepatic necrosis.

Because of the incidence and significance of VOD following Bu, investigators have
pursued methods to decrease its incidence and severity. Hepatic VOD and severe RRT,
in general, occur more frequently when plasma Bu levels are high (44,45). Only 1/31
patients with C; <900 ng/mL developed grade 3 hepatic VOD, which was the only
severe RRT encountered in patients with Bu levels in this range (44). These data suggest
that adjusting subsequent Bu doses to achieve a targeted plasma level, based on first-
dose pharmacokinetic studies, could achieve less toxicity.

Alternatively, or in conjunction with targeted plasma levels, intravenous forms of
Bu offer the potential for more uniform plasma levels and less toxicity (56). Further,
a recent randomized study has demonstrated a significantly reduced risk of VOD in
patients receiving Bu who were given ursodiol as prophylaxis (57). Another approach
to decrease the incidence and severity of VOD has been to lower the Bu dose to 14
mg/kg, and add high-dose etoposide to 120 mg/kg Cy. This approach has resulted in
significantly lower incidence of RRT, of hepatic VOD, and of severe hepatic VOD in
patients with non-Hodgkin’s lymphoma undergoing autotransplantation (58). Similar
results have been present in the allogeneic setting as well (unpublished data). Thus,
although the incidence and severity of VOD appear higher following Bu than following
TBI, numerous techniques for substantially lowering this complication have been
described, and promise to improve further results.

5.3. Pulmonary Toxicity

The incidence of interstitial pneumonia appears to be lower with Bu/Cy than with
Cy/TBI, particularly in individuals at high risk for the development of this complication.
In a study of patients at high risk of interstitial pneumonia because of prior chest
irradiation, 5% of patients with Bu/Cy as preparation developed interstitial pneumoni,
compared to 32% of patients who underwent transplantation with Cy/TBI (59). In most
studies, and in the previously mentioned meta-analysis of randomized trials (5/), no
significant difference can be demonstrated.

5.4. Other Toxicities

Mucositis, hemorrhagic cystitis, and renal failure are other toxicities that generally
contribute to morbidity, but less often to mortality. Hemorrhagic cystitis appears to
occur about twice as commonly with Bu-containing regimens as with TBI (50). In the
only study that adequately assessed it (52), renal failure occurred more commonly with
TBI than with Bu. Further, that randomized study demonstrated less-prolonged severe
granulocytopenia, less fevers, and a lower incidence of positive bacterial or fungal
blood cultures. These observations were supported by numerous nonrandomized trials
(34-37).

The overall incidence of RRT and severe RRT caused by Bu, compared to irradiation,
appear roughly similar in most studies. In patients with minimal risk factors for toxicity
(e.g., patients with chronic-phase CML undergoing allotransplant from HLA-identical
sibling donors within 1 yr of diagnosis), single-institution experience with either regimen
have similar and low risks of death from transplant-related complications (52,60). The
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capacity to lower the incidence of severe hepatic VOD, using the previously described
methods, offer the potential to reduce toxicity with Bu to a level beneath that with TBI.

6. GRAFT VS HOST DISEASE

The incidence of acute GVHD appears similar in most studies using Bu and Cy,
compared to that reported for Cy/TBI, when using similar techniques for prevention.
A study from Seattle (52), randomizing CML patients between Bu/Cy and Cy/TBI,
found a lower incidence of acute GVHD in patients receiving Bu/Cy, but this has not
been noted by other studies.

7. DELAYED TOXICITY

The well-documented significant delayed effects of conditioning with TBI (71),
including endocrine dysfunction, growth abnormalities, and second malignancies, pro-
vided a prime motive for the development of radiation-free preparative therapy. Some
delayed complications, e.g., chronic GVHD, have been reported in similar incidences
following Bu/Cy or Cy/TBI (61,62). Similarly, deficiency of immunoglobulin subclasses
2 (Ig2) and Ig4 following transplantation has been reported in nonirradiated, as well
as irradiated recipients (63,64).

Endocrine dysfunction may be more severe following TBI than following Bu. Hypo-
thyroidism occurs frequently in patients receiving single-dose TBI, and can occur in
approx 15% of those receiving fractionated TBI, but its frequency appears to be much
less common following By/Cy (65-68). Impaired growth because of deficiency of
growth hormone production, and direct affects of radiation on bone, are common
following TBI, especially when combined with cranial radiation, where it occurs in approx
90% of individuals (66,67,69). However, Bu also impairs growth velocity. Studies in
thalassemia demonstrate decreased growth velocity in children aged 1011 prepared for
transplantation with Bu/Cy, but not in younger children (67). One recent analysis did not
find significantly impaired growth following Bu-containing regimens in young children,
as long as they did not develop GVHD or receive high-dose corticosteroids (70).

TBI consistently causes primary gonadal failure in both men and women, and reports
of pregnancy and fathering of children are rare. Occasional patients have recovered
sperm function 6-8 yr following transplantation regimens utilizing TBI. One study of
323 men, evaluated for 12 yr following TBI, demonstrated return of spermatogenesis
in five (69). Though infertility is common following Bu, it occurs less frequently. No
formal studies have been carried out, but it appears that over 30% of patients with
minimal therapy prior to transplant have either demonstrable functioning sperm or have
fathered children (71,72).

The risk of lymphoproliferative disorders following allotransplantation appears pre-
dominantly related to the extent of immunosuppressive treatment (73,74). However, a
lower incidence of lymphoproliferative disorders has been reported with regimens that
do not use TBI (73). A recent analysis (75) of solid cancers following transplant
demonstrated that the TBI dose was critical in determining the risk of solid cancer,
and that irradiation-free regimens were associated with a lower incidence of malignan-
cies. Solid tumors occurred most frequently in patients who were transplanted prior to
the age of 10 yr. Melanoma and cancer of the buccal cavity, brain, liver, thyroid, and
connective tissue occurred with increased frequency following transplantation. Tumors
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occurred at an incidence 4 X as high in patients receiving high doses of irradiation,
compared to those who received no irradiation. Although the delayed effects of Bu
have been less thoroughly studied than for TBI, they appear to occur less frequently.

8. EFFECTIVENESS IN SPECIFIC DISEASES

Conventional treatments of specific hematologic malignancies are different, i.e.,
different malignancies are treated with different regimens. It is increasingly apparent
that subgroups of patients with a specific hematologic malignancy, e.g., ALL, benefit
from treatment tailored for that specific subgroup (76). A single preparative regimen
may not prove optimal for the treatment of all hematologic disorders requiring transplan-
tation. Bu-based regimens may be more effective than TBI in some disorders, and less
effective in others.

8.1. Acute Myeloid Leukemia

Generally, 55-60% of patients with AML who undergo allotransplantation from
HLA-identical siblings while in first remission achieve sustained disease-free survival
(DFS), but DFS rates in excess of 70% have been reported (77-83). Patients treated
with more advanced disease have poorer rates of long-term survival. Patients in second
remission, or untreated first relapse, have LFS of approx 30%; those with primary
refractory or relapsed refractory disease have rates of 10-20%. Results have been
reported in patients undergoing transplant with Bu/Cy (35,82) that are roughly similar
to those for Cy/TBI. However, only one prospective randomized study (81), comparing
Bu/Cy to Cy/TBI, solely in patients with AML in first remission, has been published.
This study, from the Groupe d’Etude de la Greffe de Moelle Osseuse, reported a
significantly poorer outcome in patients given Bu/Cy. It reported a 72% rate of DFS
with Cy/TBI, which is higher than that generally reported. The 47% LFS with Bu/Cy
was lower than that reported from other studies, including a large multi-institutional
study (35), and retrospective analyses of registry data (72,82). Further, there was no
consideration of important risk factors, e.g., cytogenetic abnormalities, which signifi-
cantly effect transplant outcome (83). In marked contrast to this study, a randomized
study in patients with AML, ALL, or CML, by the Nordic Bone Marrow Transplant
Group, using the same Bu protocol, achieved an 83% DFS rate in AML patients in
first complete remission, compared to 58%, using TBI (84). These conflicting results
emphasize the commonly ignored limitations of randomized studies, and the importance,
as emphasized by Hellman, of incorporating prior knowledge into one’s scrutiny of a
trial’s design, execution, and results, before formulating an opinion (85).

For more advanced disease, similar results have been reported with Bu/Cy and Cy/
TBI. One study suggested that results in patients with advanced disease might be better
with Bu/Cy than with etoposide (VP-16)/TBI (86); the previously mentioned Nordic
study reported worse results in advanced patients receiving Bu/Cy (84).

In autotransplantation of AML, when the absence of a graft-vs-leukemia effect places
an increased burden on the preparative regimen, Bu/Cy is widely utilized, but little
meaningful data exists as to its relative effectiveness. A retrospective analysis by the
European Group for Blood and Marrow Transplantation (EBMT) compared patients
with AML undergoing allo- or autotransplant for AML prepared with Bu/Cy, to an



Bu and TBI Regimens Compared 61

equal number prepared with Cy/TBI, matched for various risk factors. Results, including
TRM, relapse rate, and LFS, were virtually identical, whether patients received Bu/Cy
or Cy/TBI (82).

8.2. Acute Lymphoblastic Leukemia

Limited studies of Bu have been performed in ALL (87,88). The results of nonrandom-
ized studies in ALL indicate that Cy/TBI and Bu/Cy yield comparable results. However,
an extensive and well-performed retrospective analysis of children transplanted with
Cy/TBI or Bu/Cy, by the IBMTR, reported similar rates of relapse, but a higher
transplant-related mortality (TRM) and treatment failure in the Bu/Cy group (89).
Review of the EBMT data indicated similar results in transplantation of first remission
and more advanced patients who underwent allografts, and in autografts of first remission
patients using Bu/Cy or Cy/TBI. Results in more advanced ALL patients undergoing
autografting, a technique of unproven effectiveness, were superior with Cy/TBI (82).

8.3. Chronic Myeloid Leukemia

Two randomized studies of Bu/Cy vs Cy/TBI have been performed in chronic-
phase CML: one by the Seattle group (52) and one by the French (40). Both studies
demonstrated similar results using each regimen. In the Seattle study, complications,
including renal failure and GVHD, occurred in a lower proportion of patients receiving
Bu/Cy. In the French study, a significantly lower rate of relapse was experienced in
patients receiving Bu/Cy, compared to Cy/TBI. This low relapse rate with Bu/Cy is
supported by a multi-institutional trial (36), and by long-term follow-up data from Ohio
State (60), in which a low incidence of molecular and hematologic relapse occurred
in CML patients prepared for allotransplant with Bu/Cy. It appears that Bu/Cy is at
least comparable, and perhaps superior, in the treatment of chronic-phase CML. Simi-
larly, results, which compare favorably to those reported with Cy/TBI, have been
published for patients with advanced stages of CML. However, patient selection and
other factors complicate meaningful interpretation of these data (90).

8.4. Myelodysplasia

A substantial proportion of patients undergoing allotransplantation for myelodysplas-
tic syndrome (MDS) have therapy-related disorders following combined modality treat-
ment for malignancies. Radiation-free preparative regimens avoid the risk of additional
radiation dosages to previously irradiated sites. Large studies have reported similar
results with Bu-based regimens, compared to TBI-based regimens in patients undergoing
allo-BMT for MDS (91,92).

Seattle performed a prospective study of Bu/Cy in 30 patients with MDS undergoing
related or unrelated donor BMT, and compared results with those achieved in 38
historical controls treated with Cy and TBI (93). No significant difference in outcome,
based on preparative regimens, was detected.

The European Working Group on Myelodysplastic Syndrome in Children reported
a better event-free survival in children with chronic myelomonocytic leukemia, who
received Bu, than with those given TBI prior to allo-BMT from HLA-identical siblings
or 1 antigen-disparate relatives, primarily because of a lower probability of relapse (94).
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8.5. Nonmalignant Disorders

Busulfan is widely and successfully used in preparative regimens for the treatment
of nonmalignant conditions, such as inborn errors of metabolism, Wiskott-Aldrich
syndrome, and thalassemia. Such transplants are usually performed in young children,
in whom avoidance of known delayed effects of radiation, including growth retardation
and secondary malignancy, provided the chief motivating factor for the use of Bu.

Lucarelli and the Pesaro team established the effectiveness of Bu (14 mg/kg) and
Cy in children and adults with thalassemia (95,96). Patients who had received adequate
chelation therapy, or who lacked substantial hepatomegaly or portal fibrosis of the
liver, achieved DFS rates in excess of 80%. Children with all three high-risk factors
(Class IIT) have DFS rates of 53%, largely because of nonrelapse mortality. Class III
patients were found to have significantly lower mortality rates when they received less
than 200 mg/kg of Cy (97).

9. CONCLUSIONS

This chapter compares Bu/Cy and Cy/TBI as preparative regimens for allogeneic
progenitor cell transplantation. Regarding immunosuppression, only one study identified
a significant incidence of graft rejection among HLA-identical siblings. Yet, in this
study, 4/65 patients undergoing allotransplant with Bu/Cy, for chronic-phase CML
rejected grafts (40). It is difficult to reconcile this result with other randomized studies
(52,81,84,86), and with the multitude of single and multi-institutional studies published,
in which the rate of graft rejection is as low for Bu/Cy as that reported for regimens
containing TBI (35-37,82). Furthermore, similar or only slightly higher rates of rejection
occur with Bu/Cy in the well-matched, unmanipulated, unrelated setting (42,43,60,93).

Less acute toxicity was experienced in patients receiving Bu/Cy in the Seattle CML
study (52), and in advanced patients in the Southwest Oncology Group study comparing
Bu/Cy to VP-16/TBI (86), but significantly greater toxicity was seen using Bu/Cy in
the Nordic study (84) in advanced, but not early, patients. Again, it is difficult to
reconcile the differences between these studies. In studies of chronic-phase CML,
hepatotoxicity with Bu/Cy is not greater than that with Cy/TBI (40,52); in acute
leukemias, the incidence appears higher (82). This may be attributable, as pointed out
by Clift (52), to substantial pretransplant exposure to chemotherapy in the acute leukemia
patients. Exposure to specific agents might be especially dangerous in conjunction with
Bu (47,50,53).

The bulk of data does not support a meaningful difference in the incidence or severity
of GVHD. The incidence of acute GVHD was less in the Bu/Cy group in the Seattle
CML study (52), but grade III acute GVHD was greater in the Bu/Cy group in the
Nordic study (84). These conflicts emphasize the need to carefully analyze results from
these randomized studies, and to balance the results of individual studies with results
achieved in large nonrandomized studies, and with registry data.

Personal experience has demonstrated that different institutions have based dosing
of both Bu and Cy on different measures of body size, e.g., ideal body wt, real body
wt, or a variety of formulas for determining an adjusted ideal body wt. Policies regarding
redosing following emesis, administration of other drugs, e.g., phenytoin, which effect
Bu metabolism, and frequency of dosing of Bu (e.g., every 6 h vs qid), vary considerably
from institution to institution. Inclusion of patients, e.g., those with abnormal liver
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function tests (LFTs), also differs considerably between institutions. Last, institutions
that have substantially greater experience with TBI than with Bu have participated in
trials of Bu, often entering small numbers of patients, and lack of expertise may effect
results. Such discrepancies may, in part, account for differences in results achieved in
different trials.

Insufficient information is available to fully answer the question posed in the chapter
title. The greater ease of administration, lesser expense, and lower incidence and severity
of delayed complications favor the use of Bu when results are otherwise equivalent.
However, the effectiveness of treatment is the most critical issue in choosing a prepara-
tive regimen.

In AML, the bulk of evidence supports the equivalence of Bu/Cy and Cy/TBI. A
single randomized study favors Cy/TBI (81). A reasonable argument can be made for
either regimen in early or advanced AML. In ALL, for which less data exists, doubt
remains as to whether Bu/Cy is as effective as Cy/TBI. Modification of Bu/Cy, e.g.,
the addition of VP-16 may improve results, but Bu/Cy has not been proven as effective
as Cy/TBI. In myelodysplasia, CML, and thalassemia and other nonmalignant marrow
disorders, Bu/Cy appears to be at least as effective than Cy/TBI, and its use should
be favored.

In the unrelated setting, substantially more data exists, and increasingly favorable
results have been obtained with Cy/TBI. Sufficient data does exist, however, in the
well-matched unrelated setting to support the use of Bu/Cy, (42,43,60,92). In mis-
matched family and unrelated transplants, and following marrow manipulation, e.g.,
T-cell depletion, there is insufficient data to recommend the use of Bu/Cy. Although
larger doses of Cy, e.g., 200 mg/kg, result in greater immunosuppression, much more
data exists to support TBI-based regimens in these settings. Studies in thalassemia (97)
demonstrate less toxicity, and studies in leukemia demonstrate no increase in relapse
with Bu/Cy,, compared to Bu/Cy, (82).

Bu has been less extensively utilized and less well studied than TBI. Advances in
its use promise to further improve results. The availability of iv formulations, improved
definition of optimal plasma levels for dose-targeting, the use of ursodiol or other
agents to decrease hepatic VOD, and further study of combinations with other agents,
e.g., etoposide, or radionuclide-labeled monoclonal antibodies, suggest that, in many
settings, the question posed in the title may soon be more simply answered.

REFERENCES

1. Jacobson L, Marks E, Robson M, et al. Effect of spleen protection on mortality following x-irradiation,
J. Lab. Clin. Med., 34 (1949) 1538.

2. Lorenz E, Uphoff D, Reid T, et al. Modification of irradiation injury in mice and guinea pigs by bone
marrow infections, J. Natl. Cancer Inst., 12 (1951) 197.

3. Thomas E, Lochte H Jr, Lu W, et al. Intravenous infusion of bone marrow in patients receiving
radiation and chemotherapy, N. Engl. J. Med., 257 (1957) 491.

4. Ferrebee J, Lochte H Jr, Jarezki A III, et al. Successful marrow homograft in the dog after radiation,
Surgery, 43 (1958) 516.

5. Epstein R, Storb R, Ragde H, et al. Cytotoxic typing antisera for marrow grafting in littermate dogs,
Transplantation, 6 (1968) 45-58.

6. Thomas E. The role of marrow transplantation in the eradication of malignant disease. Cancer 49
(1982) 1963.

7. Thomas E, LeBlond R, Graham T, et al. Marrow infusions in dogs given midlethal or lethal irradiation.
Radiat. Res. 41 (1970) 113-124.



Copelan

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Mannick J, Lochte H Jr, Ashley C, et al. Autografts of bone marrow in dogs after lethal total-body

radiation. Blood 15 (1960) 255.

. Cavins J, Kasakura S, Thomas E, et al. Recovery of lethally irradiated dogs following infusion of

autologous marrow stored at low temperatures in dimethyl-sulphoxide. Blood 20 (1962) 730.

Storb R and Deeg H. Failure of allogeneic canine marrow grafts after total body irradiation; allogeneic
“resistance” vs transfusion induced sensitization. Transplantation 42 (1986) 571-580.

Storb R, Raff R, and Appelbaum F. Comparison of fractionated to single-dose total body irradiation
in conditioning canine littermates for DLA-identical marrow grafts. Blood 74 (1991) 1139-1143.
Santos G and Owens A Jr. Syngeneic and allogeneic marrow transfusion on cyclophosphamide-
induced lethality in the rat. Exp. Hematol. 10 (1966) 8-13.

Santos G and Owens A Jr. Allogeneic marrow transplantation in cyclophosphamide treated mice.
Transplant Proc. 1 (1969) 44-46.

Santos G and Owens A Jr. Syngeneic and allogeneic marrow transplants in the cyclophosphamide
pretreated rat. In Dausset I, Hamgerger I, Mathe G (eds.), Advance in Transplantation. Proceedings
of the First International Congress of the Transplantation Society, Paris, France, June 27-30, 1976.
Munksgaard, Copenhagen, Denmark, 1968, p. 431-438.

Storb R, Buckner C, Dillingham L, et al. Cyclophosphamide regimens in Rhesus monkeys with and
without marrow infusion. Cancer Res. 30 (1970) 2195-2203.

Ford C, Micklem H, Evans P, et al. The inflow of bone marrow cells to the thymus: Studies with
part body irradiated mice injected with chromosome marked bone marrow and subjected to antigenic
stimulation. Ann. N.Y. Acad. Sci. 129 (1966) 283-287.

Josvasen N and Boyum A. Hematopoiesis in busulfan treated mice. Scand. J. Hematol. 11 (1973) 78-86.
Santos G and Tutschka P. The effect of busulfan on antibody production and skin allograft survival
in the rat. J. Natl. Cancer Inst. 53 (1974) 1775-1780.

Buckner C, Dillingham L, Giddens W Jr, et al. Toxicologic and marrow transplantation studies in
rthesus monkeys given dimethylmyeran. Exp. Hematol. 3 (1975) 275-288.

Floersheim G and Ruszkiewicz M. Bone marrow transplantation after antilymphocytic serum and
lethal chemotherapy. Nature 333 (1969) 854-857.

Tutschka P and Santos G. G-B incompatible bone marrow transplantation in the rat after treatment
with cyclophosphamide and busulfan. Fed. Proc. 32 (1973) 226-232.

Tutschka P and Santos G. Bone marrow transplantation in the busulfan treated rat. III. Relationship
between myelosuppression and immunosuppression for conditioning bone marrow recipients. Trans-
plantation 24 (1977) 52-61.

Thomas E, Lochte H Jr., Cannon J, et al. Supralethal whole body irradiation and isologous marrow
transplantation in man. J. Clin. Invest. 38 (1959) 1709-1714.

Thomas E, Buckner C, Banaji M, et al. One hundred patients with acute leukemia treated by chemother-
apy, total body irradiation and allogeneic marrow transplantation. Blood 49 (1977) 511-533.

Bortin M. Pathogenesis of interstitial pneumonitis following allogeneic bone marrow transplantation
for acute leukemia. In Gale RP (ed.), Recent Advances in Bone Marrow Transplantation. Liss, New
York, 1978, pp. 445-452.

Fryer C, Fitzpatrick P, Rider W, et al. Radiation pneumonitis: experience following a large single
dose of radiation. Intl. J. Rad. Oncol. Biol. Phys. 4 (1978) 931-936.

Thomas E, Buckner C, Clift R, et al. Marrow transplantation for acute nonlymphoblastic leukemia
in first remission. N. Engl. J. Med. 301 (1979) 597-599.

Thomas E, Clift R, Hersman J, et al. Marrow transplantation for acute nonlymphoblastic leukemia
in first remission using fractionated or single-dose irradiation. Intl. J. Radiat. Oncol. Biol. Phys. 8
(1982) 817-821.

Clift R, Buckner C, Appelbaum F, et al. Allogeneic marrow transplantation in patients with acute
myeloid leukemia in first remission: a randomized trial of two irradiation regimens. Blood 76
(1990) 1867-1871.

Clift R, Buckner C, Frederick R, et al. Allogeneic transplantation in patients with chronic myeloid
leukemia in the chronic phase: a randomized trial of two irradiation regimens. Blood 77 (1991) 1660—
1665.

Tutschka P, Santos G, and Elfenbein G. Marrow transplantation in acute leukemia following busulfan
and cyclophosphamide. Blut. 25 (1980) 375-380.



Bu and TBI Regimens Compared 65

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Peters W, Henner W, Grochow L, et al. Clinical and pharmacologic effects of high dose single agent
busulfan with autologous bone marrow support in the treatment of solid tumors. Cancer Res. 47
(1987) 6402-6406.

Santos G, Tutschka P, Brookmeyer R, et al. Marrow transplantation for acute nonlymphocytic leukemia
after treatment with busulfan and cyclophosphamide. N. Engl. J. Med. 309 (1983) 1347-1353.
Tutschka P, Copelan E, and Klein J. Bone marrow transplantation for leukemia following a new
busulfan and cyclophosphamide regimen. Blood 70 (1987) 1382-1388.

Copelan E, Biggs J, Thompson J, et al. Treatment for acute myelocytic leukemia with allogeneic
bone marrow transplantation following preparation with BuCy,. Blood 78 (1991) 838-843.

Biggs J, Szer J, Crilley P, et al. Treatment of chronic myeloid leukemia with allogeneic bone marrow
transplantation following preparation with BuCy,. Blood 80 (1992) 1352-1357.

Copelan E, Biggs J, Avalos B, et al. Radiation-free preparation for allogeneic bone marrow transplanta-
tion in adults with acute lymphoblastic leukemia. J. Clin. Oncol. 10 (1992) 237-242.

Yeager A, Shinn C, Pardoll D, et al. Lymphoid reconstitution after transplantation of congenic
hematopoietic cells in busulfan-treated mice. Blood 78 (1991) 3312-3316.

Fishleder A, Bolwell B, and Lichtin A. Incidence of mixed chimerism using busulfan/cyclophosphamide
containing regimens in allogeneic bone marrow transplantation. Bone Marrow Transplant. 9 (1992)
293-297.

Devergie A, Blaise D, Attal M, et al. Allogeneic bone marrow transplantation for chronic myeloid
leukemia in first chronic phase: a randomized trial of busulfan-cytoxan versus cytoxin-total body
irradiation as preparative regimen: a report from The French Society of Bone Marrow Graft (SFGM).
Blood 85 (1995) 2263-2268.

Avalos B, Klein J, Kapoor N, et al. Allogeneic bone marrow transplantation following busulfan and
90 mg/kg of cyclophosphamide. Bone Marrow Transplant. 12 (1993) 655-658.

Klein J, Avalos B, Belt P, et al. Bone marrow engraftment following unrelated donor transplantation
utilizing busulfan and cyclophosphamide preparatory chemotherapy. Bone Marrow Transplant. 17
(1996) 479-483.

Sahebi F, Copelan E, Crilley P, et al. Unrelated allogeneic bone marrow transplantation using high
dose busulfan and cyclophosphamide (Bu-Cy) for the preparative regimen. Bone Marrow Transplant.
17 (1996) 685-689.

Slattery J, Clift R, Buckner C, et al. Marrow transplantation for chronic myeloid leukemia: The
influence of plasma busulfan levels on the outcome of transplantation. Blood 89 (1997) 3055-3060.
Slattery J, Kalhorn T, McDonald G, et al. Conditioning regimen-dependent disposition of cyclophospha-
mide and hydroxycyclophosphamide in human marrow transplantation patients. J. Clin. Oncol. 14
(1996) 1484-1494.

Bearman S, Appelbaum F, Buckner C, et al. Regimen-related toxicity in patients undergoing bone
marrow transplantation. J. Clin. Oncol. 6 (1988) 1562-1568.

Nevill T, Bamnett M, Klingemann H, et al. Regimen-related toxicity of a busulfan—cyclophosphamide
conditioning regimen in 70 patients undergoing allogeneic bone marrow transplantation. J. Clin.
Oncol. 9 (1991) 1224-1232.

McDonald G, Hinds M, Fisher L, et al. Veno-occlusive disease of the liver and multiorgan failure after
bone marrow transplantation: a cohort study of 355 patients. Ann. Intern. Med. 118 (1993) 255-267.
Jones R, Lee K, Beshomer W, et al. Venocclusive disease of the liver following bone marrow
transplantation. Transplantation. 44 (1987) 778-783.

Morgan M, Dodds A, Atkinson K, et al. The toxicity of busulfan and cyclophosphamide as the
preparative regimen for bone marrow transplantation. Br. J. Haematol. 77 (1991) 529-534.
Hartman A-R, Williams SF, and Dillon JJ. Survival, disease-free survival and adverse effects of
conditioning for allogeneic bone marrow transplantation with busulfan/cyclophosphamide vs total
body irradiation: a meta-analysis. Bone Marrow Transplant. 22 (1998) 439-443.

Clift RA, Buckner CD, Thomas ED, et al. Marrow transplantation for chronic myeloid leukemia: a
randomized study comparing cyclophosphamide and total body irradiation with busulfan and cyclo-
phosphamide. Blood 84 (1994) 2036-2043.

Stiff P, McKenzie R, Sosman J, et al. High-dose busulfan and cyclophosphamide with bone marrow
rescue for refractory Hodgkin’s disease: a tolerable and effective regimen in patients without prior
nitrosourea exposure. Blood 76 (1990) 567a(Abstract).



66

Copelan

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
71.

78.

Cunningham I, Marmaduke D, Copelan E, et al. Hyperbilirubinemia as a predictor of post-BMT
mortality. Blood 78 (1991) 240a(Abstract).

Grochow L, Jones R, Brundett R, et al. Pharmacokinetics of busulfan: correlation with veno-occlusive
in patients undergoing bone marrow transplantation. Cancer Chemother. Pharmacol. 25 (1989) 55-61.
Schuler US, Ehrsam M, Schneider A, et al. Pharmacokinetics of intravenous busulfan and evaluation
of the bioavailability of the oral formulation in conditioning for haematopoietic stem cell transplanta-
tion. Bone Marrow Transplant. 22 (1998) 241-244.

Essell JH, Schroeder MT, Harman GS, et al. Ursodiol prophylaxis against hepatic complications of
allogeneic bone marrow transplantation: a randomized, double-blind, placebo-controlled trial. Ann.
Intern. Med. 128 (1998) 975-981.

Copelan E, Penza S, Pohlman B, et al. A novel Bu/Cy/VP-16 regimen in non-Hodgkin’s lymphoma.
Blood 92 (1998) S1:664a(Abstract).

Van Der Jagt RHC, Appelbaum F, et al. Busulfan and cyclophosphamide as a preparative regimen
for bone marrow transplantation in patients with prior chest radiotherapy. Bone Marrow Transplant.
8 (1991) 211-215.

Copelan E, Penza S, Theil K, et al. Allogeneic marrow transplantation with BuCy, in patients with
chronic myelogenous leukemia. Blood 92 S1 (1998) 285a(Abstract).

Sullivan K, Witherspoon R, Storb R, et al. Chronic graft-versus-host disease: pathogenesis, diagnosis,
treatment and prognostic factors. In Baum SJ, Santos GW, and Takaku F (eds.), Recent Advances
and Future Directions in Bone Marrow Transplantation, Experimental Hematology Today (1987)
p. 150-157.

Bross D, Tutschka P, Farmer E, et al. Predictive factors for acute graft-versus-host disease in patients
transplanted with HL.A-identical bone marrow. Blood 63 (1984) 1265-1270.

Aucouturier P, Barra A, Intator L, et al. Long-lasting IgG subclass and antibacterial polysaccharide
antibody deficiency after allogeneic bone marrow transplantation. Blood 70 (1987) 779-785.
Sheridan J, Tutschka P, Sedmak D, et al. Inmunoglobulin G subclass deficiency and pneumocele
infection after allogeneic bone marrow transplantation. Blood 75 (1990) 1583-1586.

Sklar C, Kim T, and Ramsay N. Thyroid function among long-term survivors of bone marrow
transplantation. Am. J. Med. 73 (1982) 688-694.

Sanders J, Buckner C, Sullivan, et al. Growth and development in children after bone marrow
transplantation. Horm. Res. 30 (1988) 92-97.

Manenti F, Galimberti M, Lucarelli G, et al. Growth and endocrine function after bone marrow
transplantation for thalassemia. In Buckner C, Gale R, Lucarelli G (eds.), Advances and Controversies
in Thalassemia Therapy: Bone Marrow Transplantation and Other Approaches, Liss, New York,
(1989) pp. 273-280.

Sanders J, and the Long-Term Follow-Up Team. Endocrine problems in children after bone marrow
transplant for hematologic malignancies. Bone Marrow Transplant. 8 (1991) 2—4.

Sanders J, and the Seattle Marrow Transplant Team. The impact of marrow transplant preparative
regimens on subsequent growth and development. Semin. Hematol. 28 (1991) 244-249.

Adan L, de Lanversin M-L, Thalassinos C, et al. Growth after bone marrow transplantation in young
children conditioned with chemotherapy alone. Bone Marrow Transplant. 19 (1997) 253-256.
Wingard J, Miller D, and Santos G. Testicular function after busulfan plus cyclophosphamide. J. Cell
Biochem. 16A (1992) 216-225.

Copelan EA and Deeg HJ. Conditioning for allogeneic marrow transplantation in patients with lympho-
hematopoietic malignancies without the use of total body irradiation. Blood 80(7) (1992) 1648-1658.
Witherspoon R, Fisher L, and Schoh G. Secondary cancers after bone marrow transplantation for
leukemia or aplastic anemia. N. Engl. J. Med. 321 (1989) 784-789.

Bhatia S, Ramsay N, Steinbuch M, et al. Malignant neoplasms following bone marrow transplantation.
Blood 87 (1996) 3633-3639.

Curtis R, Rowlings P, Deeg H, et al. Solid cancers after bone marrow transplantation. N. Engl. J.
Med. 336 (1997) 897-904.

Copelan EA and McGuire EA. The biology and treatment of ALL in adults. Blood 85 (1995) 1151-1168.
Clift R, Buckner C, and Thomas E. The treatment of acute non-lymphoblastic leukemia by allogeneic
marrow transplantation. Bone Marrow Transplant. 2 (1987) 243-258.

Report from the Working Party of Leukemia, European Group for Bone Marrow Transplantation.
Allogeneic bone marrow transplantation for leukemia in Europe. Lancet. 18 (1988) 1379-1382.



Bu and TBI Regimens Compared 67

79.

80.

81.

82.

&3.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

McGlave P, Haake R, and Bostrom B. Allogeneic bone marrow transplantation for acute nonlymphocy-
tic leukemia in first remission. Blood 72 (1988) 1512-1517.

Geller R, Saral R, Piantadosi S, et al. Allogeneic bone marrow transplantation after high-dose busulfan
and cyclophosphamide in patients with acute nonlymphocytic leukemia. Blood 73 (1989) 2209-2218.
Blaise D, Maraninchi D, Archimbaud E, et al., for the Groupe d’Etude de la Greffe de Moelle Osseuse.
Allogeneic bone marrow transplantation for acute myeloid leukemia in first remission: a randomized
trial of busulfan-cytoxan versus cytoxan-total body irradiation as preparative regimen. A report from
the Groupe d’Etude de la Greffe de Moelle Osseuse. Blood 79 (1992) 2578-2582.

Ringdén O, Labopin M, Tura S, et al., for the Acute Leéukaemia Working Party of the European
Group for Blood and Marrow Transplantation (EBMT). A comparison of busulfan versus total body
irradiation combined with cyclophosphamide as conditioning for autograft or allograft bone marrow
transplantation in patients with acute leukaemia. Brit. J. Hematol. 93 (1996) 637-645.

Gale RP, Horowitz MM, Weiner RS, et al. Impact of cytogenetic abnormalities on outcome of bone
marrow transplants in acute myelogenous leukemia in first remission. Bone Marrow Transplant. 16
(1995) 203-208.

Ringdén O, Ruutu T, Remberger M, et al. A randomized trial comparing busulfan with total body
irradiation as conditioning in allogeneic marrow transplant recipients with leukemia: a report from
the Nordic Bone Marrow Transplant Group. Blood 83 (1994) 2723-2730.

Emanuel EJ and Patterson WB. Ethics of randomized clinical trials. J. Clin. Oncol. 16 (1998) 365-366.
Blume K, Kenneth J, Kopecky J, et al. A prospective randomized comparison of total body irradiation-
etoposide versus busulfan-cyclophosphamide as preparatory regimens for bone marrow transplantation
in patients with leukemia who were not in first remission: a Southwest Oncology Group Study. Blood
81 (1993) 2187-2193.

Copelan E, Biggs J, Avalos B, et al. Radiation-free preparation for allogeneic bone marrow transplanta-
tion in adults with acute lymphoblastic leukemia. J. Clin. Oncol. 10 (1992) 237-242.

von Bueltzingsloewen A, Esperou-Courdeau H, Souillet G, et al. Allogeneic bone marrow transplanta-
tion following busulfan-based conditioning regimen in young children with acute lymphoblastic
leukemia: a cooperative study of the Societe Francaise de Greffe de Moelle. Bone Marrow Transplant.
16 (1995) 521-527.

Davis SM, Ramsay NKC, Klein JP, et al. Comparison of preparative regimens in transplants for
children with acute lymphoblastic leukemia. J. Clin. Oncol. (1999) in press.

Copelan EA, Grever MR, Kapoor N, et al. Marrow transplantation following busulfan and cyclophos-
phamide for CML in accelerated or blastic phase. Br. J. Haematol. 71 (1989) 487-491.
Ratanatharathorn V, Karanes C, Uberti J, et al. Busulfan-based regimens and allogeneic bone marrow
transplantation in patients with myelodysplastic syndromes. Blood 81 (1993) 2194-2199.
O’Donnell MR, Long GD, Parker PM, et al. Busulfan/cyclophosphamide as conditioning regimen for
allogeneic bone marrow transplantation for myelodysplasia. J. Clin. Oncol. 13 (1995) 2973-2979.
Anderson JE, Appelbaum FR, Schoch G, et al. Allogeneic marrow transplantation for refractory
anemia: a comparison of two preparative regimen and analysis of prognostic factors. Blood 87
(1996) 51-58.

Locatelli F, Niemeyer C, Angelucci E, et al., for the European Working Group on Myelodysplastic
Syndrome in Childhood. Allogeneic bone marrow transplantation for chronic myelomonocytic leuke-
mia in childhood: a report from the European Working Group on Myelodysplastic Syndrome in
Childhood. J. Clin. Oncol. 15 (1997) 566-571.

Lucarelli G, Polchi P, Galimberti M, et al. Bone marrow transplantation in patients with thalessemia.
N. Engl. J. Med. 322 (1990) 417-421.

Lucarelli G, Galimberti M, Polchi P, et al. Bone marrow transplantation in adult thalessemia. Blood
80 (1992) 1603-1607.

Lucarelli G, Clift RA, Galimberti M, et al. Marrow transplantation for patients with thalessemia:
results in Class 3 patients. Blood 87 (1996) 2082-2088.



5 Is Total Body Irradiation Necessary
in Bone Marrow Transplantation
for Pediatric ALL?

Susan R. Wiersma, MD,
and Susan B. Shurin, MD

CONTENTS

INTRODUCTION

RATIONALE FOR TBI

ToxiciTiEs oF TBI

RATIONALE FOR BU IN PLACE oF TBI
ToxIcITIES OF Bu/Cy

RESULTS OF CLINICAL TRIALS
CONCLUSION

REFERENCES

1. INTRODUCTION

Allogenic bone marrow transplantation (allo-BMT) for nonmalignant disease requires
ablation of the immune system to permit hematopoietic and lymphoid engraftment
unless the donor is syngeneic or the recipient is profoundly immunoincompetent. When
BMT is performed for malignant disease, treatment of the recipient to permit engraftment
is also used to eliminate residual malignancy. The ultimate success of allo-BMT for
leukemia clearly depends upon immunomodulation and graft vs tumor effect in addition
to the direct antileukemic effect of the preparative regimen. Nonetheless, the importance
of an effective preparative regimen is crucial. Optimal regimens remain a topic of
uncertainty in transplantation for acute leukemia.

The first reported BMTs for acute leukemia in 1959 (1) were performed following
preparative regimens of single-dose 850 cGy and 1140 cGy total body irradiation (TBI).
This approach resulted in enough immunosuppression to allow engraftment of isologous
marrow, and also produced complete, albeit temporary, remission of the leukemia.
Several years later, Santos et al. (2) reported that the use of high-dose cyclophosphamide
(Cy) as a preparative regimen permitted engraftment, but, again, failed to control
leukemia for any significant period of time. Not until the early 1970s did reports begin
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to emerge of successful BMTs for acute leukemia, i.e., sustained engraftment and
eradication of leukemia (3). These favorable results reflected enhanced knowledge
of many factors influencing allogeneic transplantation (allotransplantation), including
histocompatibility and donor selection, antimicrobial therapy, transfusion support, and
also the use of a better preparative regimen: Cy with TBI (Cy/TBI).

Numerous advances in the field of stem cell transplantation (SCT) have been made
in the past quarter century. However, two major issues related to preparative regimens
remain: adequacy of antileukemic activity, and acceptable acute and late toxicities.
These two issues are of critical importance in the transplantation of children with
acute lymphoblastic leukemia (ALL), because some of the toxicities of SCT are most
pronounced in the pediatric population, and leukemic relapse still accounts for the
majority of SCT failures. Based on the data currently available, what is the best
preparative regimen for this group of patients? Should it include TBI?

2. RATIONALE FOR TBI

TBI serves two critical purposes in SCT for ALL: immunosuppression (in the
allogeneic setting), and leukemic cell kill. TBI is attractive as a systemic treatment,
because it is all-pervasive, eliminating the problem of sanctuary sites, and is cytotoxic
by mechanisms of action different than chemotherapy (CT) agents. Doses may also be
delivered with precise accuracy (4).

Radiation at low doses is very toxic to normal lymphocytes. Both in vitro and in
vivo, lymphocytes appear to have minimal capacity to repair radiation-induced DNA
damage. When lymphocyte subsets have been analyzed separately, no differences in
radiation sensitivity have been found (5). Many studies have examined the effects of
total dose, dose rate, and fractionation on engraftment of allogeneic marrow (6). As
expected, greater total dose, higher dose rate, and less fractionation produce increased
cell kill. For example, a fractionated schedule of 1.25 cGy 3 x/d, at 0.25 ¢Gy/min, to
a total dose of 7.5 cGy, had the same effect on the hematopoietic system as 7.5 cGy
at 0.04 cGy/min in a single dose (6). In non-T-cell-depleted transplants, all TBI regimens
allow full engraftment of allogeneic stem cells. In the T-depleted setting, however,
problems with sustained engraftment have occurred with lower doses of TBI (7).
Because of concerns about the higher potential for graft rejection in this setting, TBI
has been routinely employed when using marrow from an unrelated or mismatched
donor (8). In general, the potent immunosuppressive properties of TBI make its use
advantageous as preparation for transplants in which engraftment may be difficult.

The second goal of TBI in preparation for SCT is eradication of malignant cells,
in this case, leukemic lymphoblasts. Historically, leukemias have been considered
exquisitely radiation-sensitive, based on the known radiation sensitivity of normal
lymphohematopoietic cells. In vitro evidence, however, suggests a broad spectrum of
radiosensitivity of leukemic cell lines. This variation is observed between different
ALL cell lines, as well as between different acute myeloid leukemia (AML) cell lines
(9). Although cell culture conditions do not always predict the in vivo experience, the
significant rate of leukemic relapse post-SCT is certainly consistent with these data.

Uckun et al. (10) reported results from clonogenic assays of radiosensitivity of
childhood ALL cells, and found substantial variation in the cells’ ability to repair
sublethal radiation damage. Leukemic progenitor cells from patients with high initial
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white blood cell counts (WBC >100,000 x 10°/L) or younger age (<5 yr) had superior
ability to repair sublethal radiation damage. High initial WBC and young age are high-
risk prognostic features in childhood ALL, both with respect to initial therapy, and
also with risk of relapse post-SCT. Uckun et al. (10) also examined the effect of
dose fractionation on leukemic cell kill. They compared the antileukemic efficacy of
fractionated irradiation (2 X 2 cGy) to that of a single dose (1 X 4 cGy). In 71% of
cases, a 220% increase in leukemic progenitor cell survival was seen with the fraction-
ated schedule, compared to the single dose (10). Several mechanisms have been postu-
lated to explain the differences in the radiation survival curves with different fraction-
ation schedules, any or all of which may be involved in the resistance of ALL cells
to radiation (9,10).

The in vitro data, combined with clinical experience, suggest significant variation
in radiosensitivity between leukemias. Even for leukemias that are radiation-sensitive,
variable doses and schedules of TBI could be needed for optimal cell kill of individual
leukemic clones.

3. TOXICITIES OF TBI

In addition to the desirable properties of immunosuppression and leukemic cell kill,
TBI also produces numerous deleterious side effects, both acute and late (Table 1).
For children with ALL, these effects may be especially severe, as a consequence of
both their young age and their prior therapy for ALL.

Acute toxicities of TBI include nausea, vomiting, diarrhea, mucositis, parotitis,
alopecia, rash, hepatic enzyme elevation, and veno-occlusive disease (VOD) of the
liver. Improved supportive care has resulted in significant amelioration of many of
these effects.

The incidence of VOD in children with leukemia receiving a TBI-containing prepara-
tive regimen varies between 1 and 27% (6,11-14) depending on the criteria used to
diagnose VOD, the underlying disease, the amount and type of prior therapy, pre-
existing liver disease, the chemotherapeutic agent(s) used in the preparative regimen,
the source of allogeneic stem cells, and the dose and fractionation schedule of the TBI.

The late toxicities of TBI have been of utmost concern regarding its use in children.
Although any organ may sustain damage from TBI, the major issues are its potentially
irreversible effects on pulmonary, endocrine, and neurocognitive function, and the
increased risk of second malignancy.

The pulmonary toxicity (both acute and late) of TBI has long ben recognized, serving
as the impetus to alter the administration of TBI from its original single-dose schedule
and rate. Fractionation, decreased dose rate, and lung-shielding are now commonly
used in the delivery of TBI to adults and children. Numerous variables impact the
development and extent of the pulmonary toxicity of TBI, including pre-SCT pulmonary
function, infectious pneumonitis, graft-vs-host disease (GVHD), and use of certain CT
agents (busulfan [Bu], carmustine [BCNU], and Cy). TBI is a major contributing factor
to the pulmonary toxicity of SCT. Even with maximum precautions, approx 20% of
children will develop chronic interstitial lung disease (6,12-18).

Administration of cytotoxic therapy and TBI to young children is known to impact
both growth and endocrine function (6,19-24). The impact on growth plates in bones
depends on the age of the child, the dose of irradiation, and whether the epiphyses are
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open or closed. Most of these data derive from administration of higher doses of
irradiation to more localized areas for treatment of solid tumors. The impact of irradiation
on pituitary production of growth hormone has long been appreciated, from experience
with treatment of brain tumors and prophylactic cranial irradiation for ALL. Thus, the
evidence to support significant impact of irradiation on these organs is not limited to
the transplant experience. Both alkylating agents and irradiation impact gonadal func-
tion. The sensitivity of gonads to irradiation-induced damage depends in part on whether
a child is pre- or postpubertal, with perhaps greatest sensitivity during puberty. Infertility
is virtually assured with administration of TBI, and is common with high-dose alkylator
therapy as well. Endogenous production of sex hormones is variable, and may survive
both high-dose CT and irradiation. However, failure of production of estrogen and
androgen hormones is common with high-dose therapy, with or without irradiation.
These are major issues for patients and families, and have a significant impact on both
quality of life and development of other medical complications, such as osteoporosis.
Endocrine organs are sensitive to damage by virtually all preparative regimens.

The neurocognitive effects of SCT, and specifically of TBI, are not well understood.
It is clear that increasing radiation dose and younger age are associated with more
significant deficits (12,25). Long-term, detailed neuropsychometric testing on sufficient
numbers of patients, treated at multiple institutions, is not available. When compared
to a similar group of children who received standard-risk ALL therapy without cranial
irradiation, patients who underwent BMT demonstrated lower verbal IQ scores (25).
Chronic illness, nutritional problems, high-dose corticosteroids, and the neuropsycho-
logic impact of drugs, such as cyclosporin, are all likely to differentially affect the
children receiving SCT. It was not possible to separately address the impact of TBI
in this study. Irradiation-induced damage to the central nervous system (CNS) is known
to be a significant problem for children with ALL and brain tumors. Despite the lack
of prospective or quantitative data in SCT, the deleterious neurocognitive effects of
TBI are of major concern in choice of preparative regimen for children with ALL (12).

The risk of secondary malignancy following SCT is related to the original diagnosis,
prior therapy, age of the patient, and the dose and fields of irradiation. Curtis et al.
(26) reported that the risk of development of a solid tumor following BMT, for children
under 10 yr of age at the time of BMT, was 36.6x higher than expected. The risk was
4.6 for those aged 10-29 yr at the time of BMT. Identifying the unique contribution
of TBI to the increased risk of malignancy in these children will first require reliable
data regarding the risk of second malignancy in children with ALL who receive standard
therapy. The risk has been reported as low as 0.5% (27), and as high as 4.8% (28).
This issue is currently being addressed with national long-term follow-up studies of
children who survive ALL, with attention to the multiple factors that may influence
the development of malignancy in these patients.

4, RATIONALE FOR BU IN PLACE OF TBI

The substitution of Bu for TBI in the preparative regimen for SCT was initially
investigated in patients whose prior therapy precluded the use of TBI (29). Although
various combinations of CTs have been employed in preparation for SCT, the greatest
experience has been with regimens combining Bu with Cy (Bu/Cy). “Bu/Cy,” refers
to 16 mg/kg Bu with 120 mg/kg Cy, and “Bu/Cy,” refers to 16 mg/kg Bu and 200
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mg/kg Cy. Both Bu/Cy, and Bu/Cy, provide enough immunosuppression to allow
engraftment of non-T-depleted marrow, including matched unrelated donors (30,31).
Even in the non-T-depleted setting, however, mixed chimerism frequently results when
TBI is omitted from the preparative regimen. Ramirez et al. (32) reported results of
chimerism studies in children undergoing SCT for ALL. Complete donor engraftment
was detected only in patients who received TBI; mixed chimerism occurred predomi-
nantly in patients receiving only CT, and in some patients who received TBI.

Interpretation of both efficacy and toxicity of Bu is complicated by the fact that the
pharmacology of Bu has only recently been employed to optimize its use. The suggestion
that dosing needed to be individualized arose from two observations: the rate of relapse
in younger patients prepared with Bu-containing regimens appears to be higher than
the rate of relapse in older patients transplanted for chronic myelogenous leukemia
(CML); and heavily pretreated patients have a significantly higher rate of development
of VOD than do less heavily pretreated patients (33). These observations have led to
several studies that identified considerable variability in the pharmacokinetics of Bu.
Pharmacologically guided dosing has been in use at a few institutions in the United
States and Europe, but only recently has this approach been used to adjust and control
the area-under-the-curve (AUC) for individual patients at multiple institutions (34).
New formulations, including liposomal oral and intravenous preparations of Bu, may
significantly impact rational dosing of this drug (35). The changing use of Bu makes
its comparison to TBI as part of a preparative regimen difficult, because optimal use
may affect both toxicity and efficacy of the drug.

5. TOXICITIES OF BU/CY

Acute toxicities of Bu/Cy include nausea, mucositis, alopecia, seizures, VOD, and
hemorrhagic cystitis (Table 1). The incidence of hemorrhagic cystitis following Bu/
Cy is generally reported to be at least double the incidence following Cy/TBI, when
the two regimens have been compared (36,37). Likewise, VOD is significantly more
common and more severe in patients who receive Bu/Cy, compared to those who
receive Cy/TBI (36-38).

Many of the late complications of TBI are also encountered with Bu/Cy, including
pulmonary and endocrine dysfunction, and increased risk of secondary malignancy.

Earlier studies reported a higher incidence of interstitial pneumonitis in patients who
received Cy/TBI, compared to those who received Bu/Cy, and it was more often
associated with cytomegalovirus (36,37). However, the case mortality rate from pulmo-
nary complications is higher in patients following Bu/Cy, as reported in two recent
studies (38,39). This is a reflection of the incidence and severity of obstructive bronchio-
litis, a later complication with limited therapeutic options. Ringden et al. (39) found a
statistically significant difference in their randomized study, with a 24% incidence of
pulmonary toxicity in the Bu/Cy group, compared to 5% in the Cy/TBI patients. Davies
et al. (38) reviewed the International Bone Marrow Transplantation Register IBMTR)
data for 627 pediatric ALL patients, and found that deaths from pulmonary toxicity
were higher in the Bu/Cy group than in the Cy/TBI patients. Although this was not a
prospective randomized trial, it addresses an issue raised by BMT studies that include
adult patients: their risk factors for pulmonary toxicity (e.g., prior busulfan therapy for
CML and smoking history) are higher than for children, and, therefore, historically it
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Table 2
Outcome: Percentage of ALL Patients Experiencing each Outcome

Preparative Regimen Used in BMT

TRM Relapse EFS
Ref. Bu/Cy Cy/TBI Bu/Cy Cy/TBI Bu/Cy Cy/TBI
Ringden et al. (37) (EBMT) 20.3 21.8 30.0 28 55 57
Ringden et al. (46) (Nordic BMT) 34 14° 29 29 51 62
Davies et al. (38) IBMTR) 18.8 5.5¢ 29 24 47 61°

“Statistically significant (p < .05).
TRM = treatment-related mortality; EFS = event-free survival; Bu/Cy =busulfan and cyclophosphamide;
Cy/TBI = cyclophosphamide and total body irradiation.

was postulated that pulmonary toxicity might be expected to be of lesser concern in
pediatric patients.

No increased risk of thyroid abnormality has been described following Bu/Cy, but
growth abnormalities and gonadal dysfunction are encountered. Although not as well-
studied, the degree of abnormality is less following Bu/Cy than following TBI (19-24).

The risk of development of a secondary solid malignancy is related to the dose of
radiation, so that recipients of Bu/Cy should be spared (26). However, a significant
risk of development of secondary myelodysplasia and/or leukemia is associated with the
administration of high-dose alkylating agents, including Bu. No published information is
available about this risk in children receiving Bu/Cy for SCT for ALL.

A major theoretical advantage of Bu/Cy is avoidance of the neurocognitive effects
of TBI, which is greatest in younger children and infants, and in those who have
previously received cranial irradiation (25).

6. RESULTS OF CLINICAL TRIALS

The critical question is whether leukemia-free survival (LFS) is significantly better
following Cy/TBI, compared to Bu/Cy. A prospective, randomized trial of Bu/Cy vs
Cy/TBI in children with ALL has not been published, so the information must be
extrapolated from meta-analysis of the results of trials to data, bearing in mind that
many reports are from single-institution studies with limited numbers of patients and
multiple variables. Data reported include patients with AML and CML, as well as
ALL. Toxicity data for all diagnoses are abstracted in Table 1, and the survival data
for ALL in Table 2.

Studies through the 1980s generally used a preparative regimen of 120 mg/kg Cy,
followed by fractionated TBI for children transplanted for ALL. This resulted in a 3-
yr LFS of approx 40%, depending on remission status, prior therapy, age, and other
known risk factors in ALL. In 1987, Borchstein et al. (40) reported a 5-yr event-free
survival (EFS) of 64% for children who received TBI prior to the Cy.

Gordon et al. (11) reported the results of their experience using high-dose cytosine
arabinoside (ara-C) followed by fractionated TBI. They initially published their data
in 1988, and Coccia et al. (41) updated the results in 1997. Twenty-seven children
with ALL in second complete remission (CR2) were prepared with this regimen prior
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to allo-BMT. Twenty-three patients received marrow from a matched sibling, two from
5- of 6-antigen-matched sibling or parent, and one from a matched unrelated donor.
Fifteen of these children are alive without leukemia 21-160 mo post-BMT, for 5- and
10-yr EFS rates of 59 + 9% and 51 * 11%, respectively. Only two patients had relapse
of leukemia. The other deaths were related to toxicities: four GVHD, two infection,
two interstitial pneumonitis, and one each from multiorgan failure and a second malig-
nancy. Six patients were transplanted in third CR, two of whom are alive and leukemia-
free at 24 and 162 mo posttransplant.

Deconinck et al. (42) reported results for matched sibling donor BMT for adult and
pediatric patients with high-risk ALL in first remission, using a preparative regimen
of TBI (some single-dose, others fractionated), ara-C, and melphalan. The relapse rate
was low (31%); however, the toxicities were severe, with 38% of patients experiencing
nonleukemia deaths.

Moussalem et al. (43) analyzed 42 pediatric patients who received an allo-BMT in
second remission of ALL. Thirty-eight children received marrow from a matched
sibling; two from a matched unrelated donor; one, a haploidentical graft from his father;
and one, a syngeneic transplant. Ten patients were prepared with Cy (120 mg/kg) and
TBI (10 Gy single dose). The relapse rate was 40%, and the EFS was 50%. Eleven
patients received Cy, TBI, etoposide (30 mg/kg), and ara-C (1 g/m?). The relapse rate
was 9%, and EFS was 45%. Twenty patients received TBI (12 Gy in six fractions, or
10 Gy single fraction), ara-C (24 g/m?), and melphalan (140 mg/m?). No relapses
occurred in this group, with EFS of 65% at a median follow-up of 34 mo. They found
no difference in transplant-related toxicity between any of the regimens.

Von Bueltzingsloven (44) reported an experience with non-TBI preparative regimens
for young children with high-risk or relapsed ALL. Twenty-one children under 4 yr
of age received a Bu-based regimen with Cy or melphalan, with or without ara-C,
followed by a matched-sibling BMT. Sixteen patients were in CR1, four in CR2, and
one in relapse at the time of BMT. Retrospective analysis at a median follow-up time
of 47 mo showed a 4-yr disease-free survival of 61.1%, with relapse accounting for
all failures. No transplant-related mortality (TRM) occurred. Toxicities included two
patients with growth retardation, both of whom had previously received cranial radiation
therapy; two patients had thyroid dysfunction; and one patient had impaired hair
regrowth. No neuropsychologic assessments were performed.

The Italian Association of Pediatric Hematology-Oncology BMT Study Group experi-
ence was reported by Favre et al. (45). From 1983 to 1996, 416 children with ALL
were transplanted, 294 of whom received a TBI-containing preparative regimen, and
122 of whom received Bu/Cy. Kaplan-Meier estimates of EFS for various subgroups
of patients were calculated. For patients who received an allo-BMT in CR1 (50 patients),
EFS was 63.4 + 9% for the TBI group, and 58.3 *+ 14.2% for the CT group (p = .51).
For 144 patients in 2CR2 who received an allo-BMT, EFS was 51.6 + 5% for the TBI
group, and 34.8 + 9.9% for the CT group (p = .12). One hundred fifty-seven patients
received an autologous BMT (ABMT) for acute leukemia in 2CR2. Overall, their EFS
was 44.4 £ 5.6% for the TBI group, and 7.5 * 4.0% for the CT group (p = .0003).
For patients with ALL, the relapse rate was 31.6% for the allo-TBI group, 50% for
the allo-CT group, 44% for the auto-TBI group, and 76.2% for the auto-CT group.
Combining the results of the allo-BMT and ABMTs for children with ALL and AML
(700 patients), there was no difference in 100-d mortality, TRM, VOD, or interstitial



TBI in BMT for Pediatric ALL 77

pneumonitis between the TBI group and the CT group. Second malignancy developed
in two patients in the CT group, and one in the TBI group.

Ringden et al. (46) reported a randomized study conducted by the Nordic Bone
Marrow Transplantation Group, comparing Bu/Cy to Cy/TBI for patients (adult and
pediatric) with leukemia. This data was initially published in 1994, and updated in
1999 (39). For 38 patients with ALL, the 7-yr EFS was 28% for the Bu/Cy group and
45% for the Cy/TBI group (p = .36). The patients who received Bu/Cy had significantly
more VOD, hemorrhagic cystitis, and acute GVHD than those who received TBI.
Relapse rates were not reported for the subgroup of patients with ALL; however, for
the group as a whole (ALL, AML, CML), relapse rates were similar in the Bu/Cy and
Cy/TBI groups.

Ringden et al. (37) retrospectively analyzed the European Cooperative Group for
Blood and Marrow Transplantation, to examine the outcome of patients transplanted
for acute leukemia using Bu/Cy vs those who received Cy/TBI. Patients were matched
for type of transplant, diagnosis, remission status, age, and GVHD prophylaxis. For
recipients of matched-sibling allotransplants, there was no significant difference in any
of the subgroups in TRM, relapse rate, and LFS between the Bu/Cy and the Cy/TBI
patients. There was, however, a significantly higher rate of VOD and hemorrhagic
cystitis in the Bu/Cy group, compared to the Cy/TBI group.

A comprehensive analysis of the IBMTR data regarding the issue of preparative
regimens for children with ALL has recently been performed by Davies et al. (38).
Although not a prospective randomized trial, this analysis provides the best information
to date, comparing the toxicities and outcome of Bu/Cy and Cy/TBI in children undergo-
ing allotransplant for ALL. The IBMTR includes data from 144 centers, with a median
follow-up of 37 mo, actuarial 3 yr, on 627 children who received a matched sibling
transplant between 1988 and 1995. 451 patients received Cy/TBI and 176 received Bu/
Cy. No significant difference was found between the Cy/TBI and Bu/Cy groups with
regard to any of the following factors: gender, performance status, immunophenotype,
reported presence of chromosomal abnormalities, WBC at diagnosis, CNS involvement
at diagnosis, time interval from diagnosis to first CR, remission status pretransplant,
length of first CR, or interval from most recent CR or relapse to transplant or year of
transplant. The Bu/Cy group had a higher proportion of children <5 yr old, and the
Cy/TBI group had more children with prior CNS radiation therapy and more children
with T-cell-depleted transplants. Overall survival and LFS were 55 £ 5% and 50 £ 5%,
respectively, in the Cy/TBI group, and 40 + 8% and 35 + 7% in the Bu/Cy group (p <
.01). The use of Bu/Cy was associated with a significantly higher risk of TRM overall
mortality and treatment failure. Although relapse accounted for the majority of deaths in
both groups, there were relatively more deaths from infection, interstitial pneumonitis,
and VOD in the Bu/Cy group, and more multiorgan system failure in the Cy/TBI group.

7. CONCLUSION

Allo-BMT from a matched-sibling donor offers the best chance for LFS for many
pediatric patients with relapsed ALL (47). Leukemic relapse following BMT is responsi-
ble for the majority of BMT failures, regardless of the preparative regimen used for
BMT. Non-TBI-containing preparative regimens, predominantly Bu/Cy, have been used
in an effort to avoid the toxicity associated with TBI. Ironically, analysis of multiple
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studies shows that TRM is higher with Bu/Cy, compared to Cy/TBI. This difference
results in a statistically significant inferior LFS in patients treated with Bu/Cy. These
patients received a standard dose of Bu (16 mg/kg), and were not, in general, dosed
according to Bu pharmacokinetics (AUC), as is the more recent practice. This raises
additional concern, however, as the adjusted dose of Bu is usually higher than 16 mg/
kg in children, and higher dosing may result in even greater toxicity.

Search for better preparative regimens should continue, because Cy/TBI and Bu/Cy
both result in significant toxicity and less-than-optimal leukemia control. In the mean-
time, present data support the use of Cy/TBI over Bu/Cy in pediatric patients being
transplanted for relapsed ALL.
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1. BACKGROUND AND NATURAL HISTORY

Chronic myeloid leukemia (CML) is a hematopoietic stem cell disorder that accounts
for approx 20% of all cases of leukemia (I). The death rate attributed to CML is 1.5/
100,000/yr (2). CML is characterized by a specific chromosomal abnormality referred
to as the Philadelphia chromosome (Ph') (3,4). The Ph! results from the reciprocal
translocation of the c-abl proto-oncogene on the long arm of chromosome 9 (q34.1)
to the 5.8 kb breakpoint cluster region (bcr) on the long arm of chromosome 22 (q11.21).
The resulting bcr-abl oncogene produces an 8.5-kb messenger ribonuclease (mRNA),
which encodes for a 210-kDa fusion protein (p210) (5). Depending on whether c-abl
is between exon 2 or exon 3 of ber, two different mRNAs may be formed: b2/a2 or
b3/a2 (6). The two different mRNAs encode for an identical fusion protein, p210 (7),
which has increased tyrosine kinase activity, compared to the normal c-abl protein (8).
Cells transfected with bcr-abl cDNA have a demonstrated growth advantage over
normal hematopoietic cells (9), which may be very important to the development and
maintenance of CML.
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CML has been described in terms of phases. The overwhelming percentage of patients
present clinically in an indolent or chronic phase, characterized by a significantly
elevated white blood count, with varying degrees of myeloid maturation seen on the
peripheral smear. Patients are often asymptomatic, but, when patients do experience
symptoms, they are often mild; common symptoms include fatigue, headache, low-
grade temperatures, nocturnal sweats, and early satiety. The average duration of the
chronic phase is 4-5 yr (10). The chronic phase is followed by a gradual progression
into an accelerated phase. Exact definitions for the accelerated phase are controversial,
but they include an increased number of immature myeloid precursors, basophilia and
eosinophilia, both thrombocytosis and thrombocytopenia, and the development of new
cytogenetic abnormalities (1/). The most consistent feature of the accelerated phase is
probably the decreased ability to control the disease with conventional agents. The
median duration of the accelerated phase is 12-18 mo, and this is followed by a
progression into the blast or acute phase. The blast phase is defined as the evolution
of CML into an acute leukemia, defined as greater than 30% blasts in the marrow.
Approximately one-third of patients in the blast phase develop acute lymphocytic
leukemia (ALL) and the other two-thirds develop acute myeloid leukemia (AML). The
median duration of the blast phase is less than 12 mo. The median survival for patients
who present with CML in the chronic phase is approx 5-6 yr.

2. TREATMENT

There are a number of treatment options available for CML. They include myelosup-
pressive agents, biologic response modifiers, allogeneic stem cell transplantation (allo-
SCT), and autologous stem cell transplantation (ASCT). The only known curative
treatment for CML is allo-SCT, which has a 5-yr disease-free survival (DFS) approach-
ing 50%, when performed in chronic phase, using stem cells from an human leukocyte
antigen (HLA)-matched sibling donor (12). However, because of age restrictions and
limited donor availability, even when using unrelated bone marrow donors from interna-
tional registries, this form of treatment is an option for less than 35% of CML patients
(13). As such, when considering treatment options for patients with CML, the primary
focus are age and donor availability.

2.1. Conventional Therapy

The most common treatments for CML include myelosuppressive agents (e.g., busul-
fan and hydroxyurea) and biologic response modifiers (e.g., interferon-o. [IFN-ct]).
IFN-a suppresses growth and differentiation of CML, as well as normal myeloid
progenitors, in vitro (14). There have now been several randomized trials (/4-19) that
have demonstrated a survival advantage of IFN-o over hydroxyurea and busulfan in
the treatment of CML. In a prospective trial by the Italian Cooperative Group on
Chronic Myeloid Leukemia (15), 322 patients were randomized to receive hydroxyurea
or IFN-o.. Hematologic and cytogenetic responses (CytoR) were superior in the IFN-o.
arm. However, permanent discontinuation of IFN-o was required in 10% of patients,
and an additional 21% required transient discontinuation of IFN-a because of side
effects. Median survival with IFN-o treatment was 60-65 mo. This survival advantage
was observed only in patients who achieve a significant CytoR, which occurred in
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approx 25% of all cases (16). The survival of patients who did not achieve a significant
CytoR with IFN-a was similar to patients randomized to receive hydroxyurea. Similar
results were observed in the German CML Study (17), in which patients were random-
ized to receive either IFN-o or hydroxyurea or busulfan. However, in this trial, patients
who achieved a CytoR with IFN-a did not have a significant survival advantage over
patients who did not achieve a CytoR. More recently, the French Cooperative Group
(19) has demonstrated that the combination of IFN with cytarabine is superior to IFN
alone, relative to both the percentage of patients achieving a CytoR and survival.

2.2. Allogeneic Stem Cell Transplantation

Allo-SCT is the only known curative therapy for patients with CML. For patients
with a HLA-identical sibling, who are under the age of 50 yr, allo-SCT is considered
the treatment of choice (12,20). There has been increasing evidence that allo-SCT
should be performed as early in the disease process as possible (21-23). Retrospective
analyses have demonstrated superior DFS and overall survival rates for patients trans-
planted within 12-24 mo of diagnosis (22). These superior results have been attributed
to such factors as younger age, and decreasing treatment-related mortality (TRM) (in
particular, graft-vs-host disease [GVHDY]), and because the disease has not the opportu-
nity to naturally progress, and the patient has not been exposed to potentially toxic
agents, such as busulfan or IFN-o. The latter factor is relatively controversial. A
retrospective analysis by the International Bone Marrow Transplant Registry (IBMTR)
failed to demonstrate any effect of prior IFN-o. exposure on survival following allo-
SCT (24). When CML patients under the age of 50 yr are transplanted with HLA-
matched siblings, within 1 yr of diagnosis, the 3-yr DFS is in excess of 70% (25). The
DFS is approx 50—60% for all patients transplanted in chronic phase, and declines to
35-40% and 10-15% for patients in accelerated and blast phases, respectively. These
decreased rates primarily result from increased relapse rates, which are as high as 75%
for patients transplanted in blast phase.

Unfortunately, only a minority of patients have a fully HLA-matched sibling. A
family member mismatched at a single HLA locus may be successfully used as a donor,
with results similar to those obtained with a fully matched family member (26). Still,
this increases donor availability for only 5-10% of patients (27). For CML patients
who lack a suitable HLA-matched related donor, there are alternative sources of alloge-
neic stems cells, including HLA-matched unrelated donors, partially matched related
donors (PMRD), and placental-derived (umbilical cord) blood cells.

There are sufficient data to demonstrate that allogeneic bone marrow transplantation
(allo-BMT) from an unrelated donor can be beneficial, relative to survival (28-33).
Potential donors may be identified through international marrow registries, such as the
National Marrow Donor Program (NMDP). More than 2 million donors were listed in
the NMDP, and over 7000 BMTs have been performed using unrelated donors provided
by the NMDP. With the current number of donors currently listed in the registry, over
70% of patients are able to have a potential HLA-A, -B, -DR phenotypic match identified
for them at their initial search (34). However, because of the reduction in suitable
donors after molecular matching and age restrictions, donor availability is still limited
to less than 35% of eligible patients. Patients with CML are relatively fortunate,
compared to patients with acute leukemia, because the median duration of the chronic



86 Bishop

phase is 4 yr, permitting adequate time to identify a potential donor: The average time
to identify an unrelated donor is approx 3 mo.

An analysis of the first 462 patients to receive unrelated transplants facilitated by
the NMDP demonstrated DFS rates at 2 yr to be approx 40% in low-risk patients,
which included patients with CML in chronic phase, and 20% in high-risk patients,
which included CML patients in accelerated and blast phases (30). The Chronic Leuke-
mia Working Party of the European Group for Blood and Marrow Transplantation
(EBMT) retrospectively analyzed the impact of prognostic factors on the outcome of
serologically HLA-matched unrelated transplants for CML, in a cohort of 366 patients
transplanted in Europe (35). The overall survival was 37% at 2 yr, and leukemia-free
survival was 31%. In univariate analysis, transplantation in first chronic phase, short
time interval from diagnosis to transplant, GVHD prophylaxis without T-cell depletion
(TCD), acute GVHD, and HLA-DRp1 D/R matching all had favorable statistical signifi-
cance. Multivariate analysis confirmed that HLA-DRP1 matching was the most signifi-
cant factor influencing survival and TRM.

There have recently been two important analyses supporting the use of unrelated
transplants earlier in the course of CML. Results from the Fred Hutchinson Cancer
Research Center (33) suggest outcomes similar to related donors when the donors are
well matched, the recipients are young, and the recipient is transplanted relatively close
to their original diagnosis. A retrospective analysis performed through the IBMTR (32)
indicates that unrelated transplants provide a survival advantage over conventional
chemotherapy including patients receiving IFN.

Another alternative source of allogeneic stem cells, for CML patients who lack a
fully matched related allogeneic donor, are cells from PMRDs (36-39), who, potentially,
can be identified for greater than 90% of eligible patients (27). The time to identify a
potential PMRD is relatively much shorter than the time required to identify and
secure an unrelated donor. This shorter time to identify a donor may be particularly
advantageous for patients at high risk of disease progression, such as patients with
CML in accelerated phases or blast crisis. However, because of major HLA disparity,
the use of a PMRD is associated with an increased risk of graft failure, severe acute
and chronic GVHD, and delayed immune reconstitution (37-39).

Transplantations from PMRD in patients with advanced CML have been complicated
by a relatively high incidence of graft failure, but they have resulted in sustained long-
term survival (37). The largest series on PMRD transplantations, which included 72
patients, was reported by the University of South Carolina (38). The engraftment rate
for this patient group was 88%, and the incidence of grade II or higher acute GVHD
was 16%. The overall incidence of chronic GVHD was 35%. At a median follow-up
of 24 mo, the 2-yr probability of survival was 35%.

Following the discovery that placental blood was rich in hematopoietic progenitor
and stem cells, a large research interest developed to use this waste product of normal
deliveries for allo-SCT (40). Since the first successful placental blood transplant, there
has been increasing evidence that transplantation using placental blood can result in
prolonged survival in patients with advanced hematologic diseases and malignancies
(41—-44). Placental blood registries have been established in the United States and
Europe. In addition to the advantage of being a readily available stem cell source,
particularly for minorities, placental blood has the potential additional benefit of
decreased GVHD, because the T-cells in cord blood are relatively immature (45).



SCT for CML 87

Data on 65 patients who received unrelated placental blood transplants were reported
by the Eurocord Transplant Group and the EBMT. Engraftment, defined by neutrophil
recovery, was observed in 87% of patients, but platelet recovery was significantly
delayed (44). The incidence of acute GVHD was approx 40%, and, among the 23
patients who survived beyond 100 d, none were observed to develop chronic GVHD.
The overall survival was 29% at a median follow-up of 10 mo.

The difficulty with these results is that they were primarily performed in children,
and there is relatively little information on adults in general, and CML in particular
(46,47). Weight and age seem to play a significant role relative to survival following
placental blood transplantation. In the report by the Eurocord Group (44) only 16% of
patients over the age of 15 yr (n = 20) were alive at 1 yr after transplantation. There
appears to be a correlation between cell dose with hematopoietic recovery, and possibly
survival. The Duke Placental Blood Transplant Program reported their results (47) for
patients weighing over 40 kg (n = 9), including several adults. At the time of this
report, five patients were alive, with durable engraftment 4—18 mo following cord
blood transplantation.

Outcomes of BMTs performed using different stem cell sources were retrospectively
analyzed by the IBMTR (31). The analysis included a total of 2055 patients with
chronic CML, AML, and ALL, who received allo-BMTs between 1985 and 1991, from
HLA-identical siblings, haploidentical HLA-mismatched relatives, and HLA-matched
and mismatched unrelated donors. Donors were HLA-identical siblings (n = 1224),
haploidentical relatives mismatched for one or two HLA-A, -B, or -DR antigens (n =
340), or unrelated donors who were HLA-matched (n = 383) or mismatched for one
HLA-A, -B, or -DR antigen (n = 108). TRM was significantly higher after alternative
donor transplants than after HLA-identical sibling transplants. Among patients with
low-risk disease, which included CML patients in chronic phase, the 3-yr TRM was
21% after HLA-identical sibling transplants, and greater than 50% after all types
of alternative donor transplants studied. For patients with more advanced leukemia,
differences in TRM were less striking.

2.3. Autologous Stem Cell Transplantation

Despite numerous sources of stem cells, allo-SCT is a viable option for less than
50% of patients with CML. An alternative in this situation is ASCT. The use of auto-
SCT following high-dose chemotherapy (CT) for CML has been limited, compared to
other hematologic malignancies (48,49). The first transplantation of autologous periph-
eral blood stem cells (PBSCs) to a patient with CML was performed in the 1970s (50).
Reiffers et al. (51) treated 47 patients with CML in transformation to accelerated and
blast phases with high-dose therapy and PBSCs collected in chronic phase. Forty-three
patients were restored to the chronic phase for periods of 2—-43 mo after transplantation:
48% of evaluable patients achieved a significant CytoR. These encouraging results led
investigators to perform ASCT during chronic phase, which resulted in a complete or
partial CytoR in approx 60% of patients (52,53).

Both bone marrow and peripheral blood have been used as source of autologous
stem cells, but they share the problem of potential contamination with cells expressing
bcr-abl. Attempts to eradicate residual leukemic cells in the autograft have included
incubation with IFN-y, long-term culture of CML marrow, and ex vivo treatment with
4-hydroperoxycyclophosphamide or oligonucleotides (52,54-56). The most effective
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method to obtain large numbers of Ph'-negative progenitors is by collection by apheresis
during early hematopoietic recovery following myelosuppressive CT. Cytotoxic CT
and hematopoietic cytokines have been used for the mobilization of stem cells and
progenitors for ASCT in early chronic-phase CML. Patients mobilized in this manner
have normal hematopoietic cells predominantly in the early recovery phase from myelo-
suppressive therapy. In some situations, the autografts are Ph'-negative by both cytoge-
netic analysis and polymerase chain reaction, and contain sufficient numbers of progeni-
tors for transplantation. Carella et al. (57) treated 15 patients with CML in chronic
phase, with a CT regimen consisting of idarubicin, arabinosylcytosine, and etoposide.
The majority of these patients had either primary or secondary resistance to IFN-o.
PBSCs were collected from these patients during hematopoietic recovery following
combination CT. Collection of adequate numbers of progenitor cells was more difficult
in patients who had received prior treatment with IFN-o. In nine of 15 cases, the
expression of Ph!-positive metaphases in the peripheral blood was completely negative,
and, in an additional four patients, a reduction of Ph'-positive metaphases, to less than
35%, was observed. Eight of these patients have subsequently received high-dose
therapy and PBSC transplantation. Seven of eight engrafted, and five were alive and
Phl-negative at 2, 3, 6, 10, and 18 mo after transplantation.

ASCT, although promising, is still under clinical investigation, and is still considered
investigational throughout the medical and transplantation community (58-60). How-
ever, to date, there has not been any clear evidence that these results are superior to
conventional therapy, especially in patients who have had a major CytoR to IFN
(15,59-62). The patients who appear to benefit the most from this procedure have been
transplanted early (x < 2 yr) after their initial diagnosis (57,59). ASCT appears to be
less beneficial in patients with advanced disease (59). Most of the trials addressing the
role of ASCT in AML are in phase II and III. This question is actually being addressed
in an international cooperative group trial between the Medical Research Council in
the United Kingdom and the Eastern Cooperative Oncology Group in the United States,
in which patients who lack an HLA-matched sibling are randomized between IFN-o
and an ASCT.

3. SPECIAL CLINICAL SITUATIONS IN CML

3.1. Age

The median age at diagnosis of CML of approx 55 yr limits the application of allo-
SCT to approx 50% of patients, even if they had a suitable donor (61). Allo-SCT with
related donors has been extended to patients up to the age of 60 yr, if the potential
candidate has an adequate performance status and normal major organ function, with
relatively good results (21,63). Still, there is an increased chance of TRM primarily in
the form of GVHD. Age restrictions have been even more stringent for patients utilizing
an unrelated donor, because morbidity and mortality rises even higher with age in this
patient group. In an attempt to reduce TRM, new nonmyeloablative preparative regimens
have been developed (64). These so-called “mini-transplants” may have limited applica-
bility in CML, because they appear to require the achievement of a minimal residual
disease state, in order to benefit from the graft-vs-leukemia effect associated with allo-
SCT. These regimens do not appear sufficiently cytotoxic to reduce the leukemic load
seen in patients with CML. Prior treatment with cytotoxic agents may be required, in
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order to achieve a minimal residual disease state for this treatment strategy to be
effective (65).

The other alternative for older patients is use of ASCT, which has been applied up
to age 70 yr. As described in Subheading 2.3., this treatment is limited by the ability
to obtain an adequate (i.e., Ph'-negative) autograft, which is best obtained early in the
disease course, prior to IFN exposure (57,59). One practical approach is to mobilize,
collect, and store autologous cells at diagnosis, in older patients and patients who lack
a suitable allogeneic donor. Patients could then be started on IFN-a., and, if they failed
to achieve a significant CytoR, they could be taken to ASCT. This strategy is now
being addressed in randomized trials.

3.2. IFN Vs Unrelated BMT

There is still a significant degree of controversy for patients who are potentially
eligible for an unrelated BMT relative to timing and use of IFN-a. (32,61). Proponents
of initial IFN-ot use argue that it is documented to extend life, that unrelated transplants
are associated with significant morbidity and mortality, especially for older patients,
and that, if one fails to respond to IFN-q, the patient could still proceed to an unrelated
transplant. Proponents of early unrelated transplant argue that, similar to results with
related allo-SCT, the earlier a patient proceeds to transplant, the better the results, and
that long-term administration of IFN is also associated with significant morbidity (66).
This issue was addressed in a retrospective analysis using the database of the IBMTR
(32). This analysis was modeled on a 35-yr-old patient with an intermediate prognosis
(67). The analysis demonstrated an increased early mortality for patients who went to
transplant early. However, based upon observations that over 50% of patients will fail
to achieve a CytoR to IFN-0,, it was estimated that 2 yr of life would be lost by these
patients by not proceeding directly to transplant (68). Analyses were also performed
for 25- and 45-yr-old patients, and also demonstrated a longer predicted life expectancy
for patients who went to transplant early. These results are further supported by similar
data from the Fred Hutchinson Cancer Research Center (33). It appears reasonable to
offer patients under the age of 40 yr the option of an unrelated transplant as initial
therapy. For patients over the age of 40 yr, the risks of transplant need to be carefully
considered relative to the benefits and potential side effects of initial treatment with
IFN-o.

3.3. Advanced Disease

The prognosis for CML patients with advanced disease, either accelerated or blast
phases, is poor; the average life expectancy is less than 6 mo, once patients progress
into the blast phase (69). Following allo-SCT, long-term survival rates of 35-40% and
10-15% can be expected for patients in accelerated and blast phases, respectively
(25,70,71). Allo-SCT may be successfully performed for patients in accelerated phase.
There is usually an adequate amount of time to identify an unrelated donor. However,
this is not necessarily the case for patients with blast phase. Attempts may be made
to induce a remission in patients in the blast phase with conventional agents used to
treat acute leukemias, but the chances of obtaining a remission or a second complete
chronic phase are less than 50%. In addition, the duration of the remissions tend to be
relatively short (72). ASCT is not an option for these patients, unless they are able to
achieve a complete remission, because relapse rates are extremely high (59).



90 Bishop

3.4. T-Cell Depletion

It has been well documented that TCD of allografts from related donors results in
increased relapse rates for patients transplanted for CML. However, this has not been
the case for patients receiving a TCD allograft from an unrelated donor (74). With the
introduction of donor leukocyte infusions (DLI), there is continued interest among
investigators favoring TCD (75). These investigators, wishing to reduce the incidence
and risks of GVHD, are willing to accept the risks of higher relapse rates, knowing
that they can potentially salvage a significant number of patients with a DLI (76).

4. SUMMARY

There are now a number of treatment options for patients with CML. Allo-SCT has
become a viable option for an increasing number of patients, because of the increased
sources of allogeneic stem cells from unrelated bone marrow donors, PMRD, and stored
placental blood collections. However, all these transplants are not without significant
complications, which may be chronic and debilitating, if not fatal. The clinical results
of allo-SCT from alternative donors are favorable for younger patients with good
prognostic features. Timing of the transplant early in the course of the disease, before
malignant clones become resistant to therapy, and while the patient remains in good
clinical condition, is a critical variable for transplant success. Further investigation is
necessary to determine the appropriate role of ASCT for CML, especially in relation
to treatment with IFN-o.. However, the results are encouraging enough to move forward
with phase III trials, and it provides a viable treatment option for older patients and
patients who fail IFN-o.

REFERENCES

1. Fialkow PJ, Jacobson RJ, and Papayannopoulou T. Chronic myelocytic leukemia: clonal origin in
a stem cell common to the granulocyte, erythrocyte, platelet, and macrophage, Am. J. Med., 63
(1977) 125-130.

2. Gunz FW. The epidemiology and genetics of chronic leukemias, Clin. Haematol., 6 (1977) 3-20.

3. Rowley JD. A new consistent abnormality in chronic myelogenous leukemia identified by quinicrine
fluorescence and Giemsa staining, Nature, 243 (1973) 290.

4. Nowell PC and Hungerford DA. A minute chromosome in human chronic granulocytic leukemia,
Science, 132 (1960) 1497.

5. Davis RL, Konopka JB, and Witte ON. Activation of the c-abl oncogene by viral transduction or
chromosomal translocation generates altered c-abl proteins with similar in vitro kinase properties,
Mol. Cell Biol., 5 (1985) 204-213.

6. Schaefer-Rego K, Dudek H, Popenoe D, et al. CML patients in blast crisis have breakpoints localized
to a specific region of the BCR, Blood, 70 (1987) 448-455.

7. Mills KI, MacKenzie ED, and Birnie GD. The site of breakpoint within the ber is a prognostic factor
in Philadelphia-positive CML patients, Blood, 72 (1988) 1237-1241.

8. Konopka JP and Witte ON. Detection of c-abl tyrosine kinase activity in vitro permits direct comparison
of'normal and altered abl gene products, Mol. Cell Biol., 5 (1985) 3116.

9. Cannistra SA. Chronic myelogenous leukemia as a model for the genetic basis of cancer, Hematol.
Oncol. Clin. North Am., 4 (1990) 337-357.

10. Wareham NJ, Johnson SA, and Goldman JM. Relationship of the duration of the chronic phase in
chronic granulocytic leukemia to the need of treatment during the first year after diagnosis, Cancer
Chemother. Pharmacol., 8 (1982) 205-210.

11. Kantarjian HM, Dixon D, Keating MJ, et al. Characteristics of accelerated disease in chronic myelogen-
eous leukemia, Cancer, 61 (1988) 1441-1446.



SCT for CML 91

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

Thomas ED, Clift RA, Fefer A, et al. Marrow transplantation for the treatment of chronic myelogenous
leukemia, Ann. Intern. Med., 104 (1986) 155-163.

Beatty PG and Anasetti C. Marrow transplantation from donors other than HLA identical siblings,
Hem. Oncol. Clin. N. Am., 4 (1990) 677-686.

Talpaz M, Chernajovsky Y, Troutman-Worden K, et al. Interferon-stimulated genes in interferon-
sensitive and -resistant chronic myelogenous leukemia patients, Cancer Res., 52 (1992) 1087-1090.
Tura S, Baccarani M, Zuffa E, for the Italian Cooperative Study Group on Chronic Myeloid Leukemia.
Interferon alfa-2a as compared to conventional chemotherapy for the treatment of chronic myeloid
leukemia. N. Engl. J. Med., 330 (1994) 820-825.

Rosti G, DeVivo A, Zuffa A, Baccarani M. Interferon-alpha in the treatment of chronic myeloid
leukemia. A summary and an update of the Italian studies. Bone Marrow Transplant., 17(suppl.)
(1996), 511-513.

Hehlmann R, Heimpel H, Hasford J, et al. Randomized comparison of interferon-a with busulfan and
hydroxyurea in chronic myelogenous leukemia, Blood, 84 (1994) 4064—4077.

Allan N, Richards S, Shepard P, et al. UK-Medical Research Council randomized, multicenter trial
of interferon-o. n 1 for chronic myeloid leukemia: improved survival irrespective of cytogenetic
response, Lancet, 345 (1995) 1392-1397.

Guilhot F, Chastang C, Michallet M, et al. Interferon alfa-2b combined with cytarabine versus interferon
alone in chronic myelogenous leukemia, N. Engl. J. Med., 337 (1997) 223-229.

Armitage JO. Bone marrow transplantation, N. Engl. J. Med., 330 (1994) 827-838.

Clift RA, Appelbaum FR, and Thomas ED. Treatment of chronic myeloid leukemia by marrow
transplantation, Blood, 82 (1993) 1954—1956.

Goldman JM, Szydio R, Horowitz MM, et al. Choice of pre-transplant treatment and timing of
transplants for chronic myelogenous leukemia, Blood, 82 (1993) 2235-2238.

Bacigalupo A, Gualaandi F, Van Lint MT, et al. Multivariate analysis of risk factors for survival and
relapse in chronic granulocytic leukemia following allogeneic marrow transplantation: impact of
disease related variables (Sokal score), Bone Marrow Transplant., 12 (1993) 443-448.

Giralt S, Szydlo R, Goldman JM, et al. Effect of prior interferon therapy on the outcome of HLA-
identical sibling bone marrow transplantation for chronic myelogenous leukemia: an analysis from
the International Bone Marrow Transplant Registry, Blood, (1999) in press.

Rizzo JD. New summary slides show current trends in BMT, ABMTR Newsletter, 5 (1998) 4-12.
Anasetti C, Amos D, Beatty PG, et al. Effect of HLA compatibility on engraftment of bone marrow
transplants in patients with leukemia or lymphoma, N. Engl. J. Med., 320 (1989) 197-204.
Henslee-Downey PJ. Mismatched bone marrow transplantation, Curr. Opin. Oncol., 7 (1995) 115-121.
Hows JM, Yin JL, Marsh J, et al. Histocompatible unrelated donors compared with HLA nonidentical
family donors in marrow transplantation for aplastic anemia and leukemia, Blood, 68 (1986) 1322-1328.
McGlave P, Bartsch G, Anasetti C, et al. Unrelated donor marrow transplantation for chronic myeloge-
nous leukemia: initial experience of the National Marrow Donor Program, Blood, 81 (1993) 543-550.
Kernan NA, Bartsch G, Ash RC, et al. Analysis of 462 transplantations from unrelated donors facilitated
by the National Marrow Donor Program, N. Engl. J. Med., 328 (1993) 593-602.

Szydlo R, Goldman JM, Klein JP, et al. Results of allogeneic bone marrow transplants for leukemia
using donors other than HLA-identical siblings, J. Clin. Oncol., 15 (1997) 1767-17717.

Lee SJ, Kuntz KM, Horowitz MM, et al. Unrelated donor bone marrow transplantation for chronic
myelogenous leukemia: a decision analysis, Ann. Intern. Med., 127 (1997) 1080-1088.

Hansen JA, Gooley TA, Martin PJ, et al. Bone marrow transplants from unrelated donors for patients
with chronic myeloid leukemia, N. Engl. J. Med., 338 (1998) 962-968.

Beatty PG, Dahlberg S, Mickelson EM, et al. Probability of finding HLA-matched unrelated marrow
donors, Transplantation, 45 (1988) 714-718.

Devergie A, Apperley JF, Labopin M, et al. European results of matched unrelated donor bone marrow
transplantation for chronic myeloid leukemia. Impact of HLA class II matching. Chronic Leukemia
Working Party of the European Group for Blood and Marrow Transplantation, Bone Marrow Trans-
plant., 20 (1997) 11-19.

Beatty PG, Clift RA, Mickelson EM, et al. Marrow transplantation from related donors other than
HLA-identical siblings, N. Engl. J. Med., 313 (1985) 765-771.

Bishop MR, Henslee-Downey PJ, Anderson JR, et al. Long-term survival in advanced chronic myeloge-
nous leukemia following bone marrow transplantation from haplo-identical donors, Bone Marrow
Transplant., 18 (1996) 747-753.



92

Bishop

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

5s.

56.

57.

58.

59.

60.

61.

62.

Henslee-Downey P, Abhyankar SH, Parrish RS, et al. Use of partially related donors extends access
to allogeneic marrow transplant, Blood, 89 (1997) 3864-3872.

Aversa F, Tabilio A, Velardi A, et al. Treatment of high-risk acute leukemia with T-cell-depleted
stem cells from related donors with one fully mismatched HLA haplotype, N. Engl. J. Med., 339
(1998) 1186-1193.

Broxmeyer HE, Douglas GW, Hangoc G, et al. Human umbilical cord blood as a potential source of
transplantable hematopoietic stem/progenitor cells, Proc. Natl. Acad. Sci. USA., 86 (1989) 3828.
Gluckman E, Broxmeyer HE, Auerbach AD, et al. Hematopoietic reconstitution in a patient with
Fanconi’s anemia by means of umbilical-cord blood from a HLA-identical sibling, N. Engl. J. Med.,
321 (1989) 1174-1178.

Wagner JE, Kernan NA, Steinbuch M, et al. Allogeneic sibling umbilical-cord-blood transplantation
in children with malignant and non-malignant disease, Lancet, 346 (1995) 214-219.

Kurtzberg J, Laughlin M, Graham ML, et al. Placental blood as a source of hematopoietic stem cells
for transplantation into unrelated recipients, N. Engl. J. Med., 335 (1996) 157-166.

. Gluckman E, Rocha V, Boyer-Chammard A, et al. Outcome of cord-blood transplantation from related

and unrelated donors, N. Engl. J. Med., 337 (1997) 373-381.

Harris DT, Schumacher MJ, Locascio J, et al. Phenotypic and functional immaturity of human umbilical
cord blood T lymphocytes, Proc. Natl. Acad. Sci. USA, 89 (1992) 10,006-10,010.

Laporte JP, Gorin NC, Rubinstein P, et al. Cord-blood transplantation from an unrelated donor in an
adult with chronic myelogenous leukemia, N. Engl. J. Med., 335 (1996) 167-170.

Laughlin MJ, Smith CA, Martin P, et al. Hematopoietic engraftment using placental cord blood
unrelated donor transplantation in recipients > 40 kg, Blood, 88(Suppl 1) (1996) 266a.

Cheson BD, Lacerna L, Leyland-Jones B, et al. Autologous bone marrow transplantation, Ann. Intern.
Med., 110 (1989) 51-65.

Butturini A, Keating A, Goldman J, and Gale RP. Autotransplants in chronic myelogenous leukemia:
strategies and results, Lancet, 335 (1990) 1255-1258.

McCarthy DM and Goldman JM. Transfusion of circulating stem cells, CRC Crit. Rev. Clin. Lab.
Sci., 20 (1984) 1-24.

Reiffers J, Trouette R, Marit G et al. Autologous blood stem cell transplantation for chronic myeloge-
nous leukemia in transformation: a report of 47 cases, Br. J. Haematol., TT (1991) 339-345.
Barnett MJ, Eaves CJ, Phillips GL, et al. Successful autografting in chronic myeloid leukemia after
maintenance chemotherapy in culture, Bone Marrow Transplant., 4 (1989) 345-351.

DeFabritiis P, Meloni G, Alimena G, et al. High-dose chemotherapy and autologous stem cell reinfusion
for patients chronic myelogenous leukemia in chronic phase, Bone Marrow Transplant., 4(Suppl 2)
(1989) 62.

McGlave PB, Arthur D, Miller WJ, Lasky L, and Kersey J. Autologous transplantation for CML
using marrow treated ex vivo with recombinant human interferon gamma, Bone Marrow Transplant.,
6 (1990) 115-120.

Carlo-Stella C, Mangoni L, Piovani O, et al. Chronic myelogenous leukemia: in vitro marrow purging
with mafosfamide and recombinant granulocyte-macrophage colony-stimulating factor. In Dicke KA,
Armitage JO, Dicke-Evinger MJ (eds.), Autologous Bone Marrow Transplantation: Proceedings of
the Fifth International Symposium, Omaha, NB, 1991, pp. 241.

Gewirtz AM. Bone marrow purging with antisense oligodeoxynucleotides. Prog Clin. Biol. Res., 377
(1992), 215-224.

Carella AM, Podesta M, Frassoni F, et al. Collection of “normal” blood repopulating cells during
early hemopoietic recovery after intensive conventional chemotherapy in chronic myelogenous leuke-
mia, Bone Marrow Transplant., 12 (1993) 267-271.

Kantarjian HM, O’Brien S, Anderlini P, and Talpaz M. Treatment of chronic myelogenous leukemia:
current status and investigational options, Blood, 87 (1995) 3069.

McGlave PB, De Fabritis P, Deisseroth A, et al. Autologous transplants for chronic myelogenous
leukemia: results from eight transplant groups, Lancet, 343 (1994) 1486.

Carella AM, Frassoni F, Melo J, et al. New insights in biology and current therapeutic options for
patients with chronic myelogenous leukemia, Haematologica, 82 (1997) 478.

Kantarjian HM, O’Brien S, Anderlini P, and Talpaz M. Treatment of chronic myelogenous leukemia:
current status and investigational options, Blood, 87 (1995) 3069-3081.

Sacchi K, Kantarjian HM, Smith TL, et al. Early treatment decisions with interferon-alfa therapy in
early chronic-phase chronic myelogenous leukemia, J. Clin. Oncol., 16 (1998) 882-889.



SCT for CML 93

63.

64.

65.
66.
67.
68.
69.
70.

71.

72.
73.
74.

75.

76.

Soiffer RJ, Fairclough D, Robertson M, et al. CD6-depleted allogeneic bone marrow transplantation
for acute leukemia in first complete remission, Blood, 89 (1997) 3039-3047.

Giralt S, Estey E, Albitar M, et al. Engraftment of allogeneic hematopoietic progenitor cells with
purine analog-containing chemotherapy: harnessing graft-versus-leukemia without myeloablative ther-
apy, Blood, 89 (1997) 4531-4536.

Cunningham I, Gee T, Dowling M, et al. Results of treatment of Ph’ chronic myelogenous leukemia
with an intensive treatment regimen (L-5 protocol), Blood, 53 (1979) 375-395.

Talpaz M, Kantarjian HM, Kurzrock R, and Gutterman J. Therapy of chronic myelogenous leukemia:
chemotherapy and interferons, Semin. Hematol., 25 (1988) 62-73.

Sokal JE, Baccarani M, Tura S, et al. Prognostic discrimination among younger patients with chronic
granulocytic leukemia: relevance to bone marrow transplantation, Blood, 66 (1985) 1352-1357.
Kantarjian H, Smith TL, O’Brien S, et al. Prolonged survival in chronic leukemia after cytogenetic
response to interferon-o therapy. The Leukemia Service, Ann. Intern. Med., 122 (1995) 254-261.
Kantarjian HM, Deisseroth A, Kurzrock R, Estrov Z, and Talpaz M. Chronic myelogenous leukemia:
a concise update, Blood, 82 (1993) 691-703.

McGlave PB, Arthur DC, Kim TH, Ramsay NKC, Hurd DD, and Kersey J. Successful allogeneic
bone marrow transplantation for patients in the accelerated phase of chronic myelogenous leukemia,
Lancet, ii (1982) 625-627.

Clift RA, Buckner CD, Thomas ED, et al. Marrow transplantation for patients in the accelerated phase
of chronic myelogenous leukemia, Blood, 84 (1994) 4368-4373.

Kantarjian HM, Talpaz M, LeMaistre CF, et al. Diploid hematopoiesis in patients with advanced
phases of chronic myelogenous leukemia following high-dose cyclophosphamide, etoposide, and
BCNU (CBV) chemotherapy and autologous bone marrow transplantation, Cancer, 68 (1991) 1201-
1207.

Ash RC, Horowitz MM, Gale RP, et al. Bone marrow transplantation from related donors other than
HLA-identical siblings: effect of T cell depletion, Bone Marrow Transplant., 7 (1991) 443-452.
Hessner MJ, Endean DJ, Casper JT, et al. Use of unrelated marrow grafts compensates for reduced
graft-versus-leukemia reactivity after T-cell-depleted allogeneic marrow transplantation for chronic
myelogenous leukemia, Blood, 86 (1995) 3987-3996.

Collins RH Jr, Shpilberg O, Drobyski WR, et al. Donor leukocyte infusions in 140 patients with
relapsed malignancy after allogeneic bone marrow transplantation, J. Clin. Oncol., 15 (1997) 433-444.
Alyea EP, Soiffer RJ, Canning C, et al. Toxicity and efficacy of defined doses of CD4* donor
lymphocytes for treatment or relapse after allogeneic bone marrow transplant, Blood, 91 (1998) 3671—
3680.



7 Should All Adult Patients with
Acute Lymphoblastic Leukemia in
First Remission Undergo Allogeneic
Bone Marrow Transplantation?

Sam L. Penza, MD, and
Edward A. Copelan, MD

CONTENTS

INTRODUCTION

CLASSIFICATION AND PROGNOSTIC FEATURES OF ALL
INDUCTION THERAPY

BMT ror ALL

TRANSPLANTATION IN FIRST REMISSION

REFERENCES

1. INTRODUCTION

Rapid clonal proliferation and accumulation of immature lymphocytes characterize
acute lymphoblastic leukemia (ALL). Substantial progress in the cure rate achieved
with chemotherapy (CT) has occurred in children with ALL, but results in adults remain
poor (1). Significant progress in understanding the biology and heterogeneity of this
disease has not yet led to significant improvement in outcome (2). This chapter critically
reviews present treatment results in ALL, and presents a rationale for an aggressive
treatment strategy.

2. CLASSIFICATION AND PROGNOSTIC FEATURES OF ALL

The French—American—British classification of ALL, based on blast morphology,
is useful only in the identification of patients with L; morphology. This subtype, which
accounts for approx 5% of patients, is characterized by a mature B-cell phenotype and
translocation (8;14) (3).

Immunophenotypic analysis demonstrates the heterogeneity of ALL; the lym-
phoblasts are descended from a single transformed progenitor B- or T-cell arrested at
a specific level of maturation. Approximately 75% of adults have ALL of B-cell lineage,
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for which three levels of maturation are generally recognized: early pre-B-ALL; pre-
B-ALL; and (mature) B-cell ALL. B-lineage ALL is human leukocyte antigen (HLA)
DR-positive, with at least one B-cell antigen (CD19, -20, -22) present. Pre-B-ALL is
generally common ALL antigen (CALLA) (CD10)-positive; early pre-B-ALL is CD10-
negative. Early pre-B-cells lack cytoplasmic and surface immunoglobulin (Ig) expres-
sion; pre-B-ALL has cytoplasmic Ig only. B-cell-ALL has surface Ig, and occasionally
cytoplasmic Ig (7). Early pre-B-cell is the most common immunophenotype in children,
but is less frequent in adults (4-6).

CD7 is the most commonly expressed T-cell antigen in T-cell ALL, distinguishing
it from B-cell or myeloid malignancy. The characterization of T-cell ALL is also based
on the level of maturation. Seven percent of adult ALL cases are precursor T-cell ALL.
Mature T-cell ALL makes up 16% of adult cases of ALL (1,7-9). Myeloid antigens,
most commonly CD13 or CD33, are detected in approx 20% of adult cases of ALL.
Previous studies have indicated that myeloid expression (CD13,33) on the ALL blasts
had some prognostic influence (7), but recent studies have suggested this may not be
prognostically significant (10).

Cytogenetic analysis is the most important prognostic test in ALL (11,12). Cytoge-
netic analysis detects clonal chromosomal aberrations in 50-70% of patients (11-14).
Substantially higher percentages can be detected using better methods for marrow cell
collection (15). Chromosomal translocations, which create aberrant expression of a
normal gene product or the formation of a hybrid gene, are the best-studied chromosomal
abnormality in ALL. Hybrid genes are transcribed into abnormal mRNAs, which are
translated into abnormal proteins. Often, these are transcription factors associated with
leukemogenesis (16,17).

The Philadelphia chromosome (Ph'®) t(9;22) is the most common translocation in
ALL, and is present in more than 30% of adults (2,18). Transcription products may
be of different molecular sizes (210 or 190 kDa). Patients may be BCR-ABL-positive
by molecular techniques, without demonstration of the Ph'°. Patients with ALL should
undergo polymerase chain reaction for BCR-ABL transcripts. The second most common
translocation, t(4;11) (q21;q23), is seen in approx 5% of adults with ALL (19-21).
This translocation is associated with hyperleukocytosis. The third most common translo-
cation in ALL is t(1;19)(q23:q13), found in pre-B-ALL (22). Specific cytogenetic
abnormalities are commonly associated with specific immunophenotypes.

The Ph' is associated with a dismal prognosis. Adults with a t(9;22) have a complete
remission (CR) rate of 60%, with a median duration of remission of 5-10 mo. The
survival rate at 3 yr is consistently less than 20% (23,24). Translocations (4;11) and
(1;19) are also associated with poor prognoses.

Most studies of the clinical significance of karyotypic abnormality in ALL have
been performed in children. These studies have led to risk-adapted therapy, in which
treatment is tailored according to subclassification of ALL. Attempts to identify subsets
and tailor treatment in adults have been less successful, because of a substantially
poorer database and the consistently poor outcome in most studies, regardless of
treatment strategy. Some studies in adults have indicated that hyperdyploidy, in the
absence of unfavorable structural changes, is a significant indicator of higher potential
for cure (2,12,25). Regrettably, routine cytogenetic studies are often not performed, or
are inadequate. Many laboratories identify cytogenetic abnormalities in ALL at a much
lower frequency than would be expected. Further, cytogenetic analysis underestimates
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the frequency of BCR-ABL (12,26,27), TCR gene rearrangements involving TALI
(28,29), 1(12;21) (30,31), deletions and mutations of the pI16 gene of chromosome 9
(32,33), and, probably, numerous other genetic rearrangements. In summary, a signifi-
cant proportion of genetic alterations are unrecognized.

Age has a profound impact on duration of remission and survival (1,34-36). In
childhood ALL, CR rate approaches 95%. In adults more than 50 yr old, CRs are
approx 40-60% (37), and cure rates are less than 20% (1). Increasing age is a negative
prognostic variable, in part, because of disease biology, e.g., an increase in poor
prognostic cytogenetics (e.g., Ph*). In addition, children tolerate aggressive treatment
better than adults, because of a lower incidence of delays caused by marrow toxicity,
and because of a lower incidence of extramedullary organ injury.

Numerous other factors influence prognosis. A white blood cell (WBC) count in
excess of 30,000/uL is associated with a poor prognosis in B-lineage ALL, but not T-
lineage ALL (3). Patients who attain CR in less than 4 wk experience sustained disease
free survival at twice the frequency of those who require longer durations to achieve
remission (3). Central nervous system (CNS) involvement predicts for a poor prognosis.

3. INDUCTION THERAPY

Induction therapy regimens have been established in children and used in adult ALL.
Induction with vincristine, prednisone, asparaginase, and an anthracycline results in
CR in more than 70% of adults (/,3). Attempts to further intensify induction treatment
in adults have been limited by severe toxicity. CR following induction therapy indicates
reduction of the number of leukemic cells to less than that detectable by conventional
methods. Molecular techniques commonly detect more than 10 residual leukemic cells
in the bone marrow of patients in CR. The goal of therapy, once remission is achieved,
is to eradicate all malignant cells.

Induction therapy has recently been tailored to biological subsets of ALL. CR rates
in T-cell malignancy are higher with higher doses of cyclophosphamide and cytarabine
(38). Improved survival has also been demonstrated with the addition of radiation to
mediastinal masses associated with T-cell malignancy (39). Mature B-cell neoplasms
in both children and adults have responded to high doses of cyclophosphamide, metho-
trexate, and cytarabine (40—42). In general, prognostic factors exert a much greater
effect on remission duration, rather than remission rate.

4. BONE MARROW TRANSPLANTATION FOR ALL

Myeloablative therapy with radiation and CT, or CT alone, followed by allogeneic
bone marrow transplantation (allo-BMT) is the most effective method to achieve eradica-
tion of leukemic cells. Elimination of malignant cells results from the ablative affect
of chemoradiotherapy and the antileukemic activity of the allograft (43—47). The devel-
opment of graft-vs-host disease (GVHD) is associated with a significant reduction in
relapse rate and improved leukemia-free survival (45,47). The International Bone Mar-
row Transplant Registry (IBMTR) has noted decreased relapse rates in recipients of
allografts with acute or chronic GVHD. Patients with both acute and chronic GVHD
experienced the most substantial decrease in relapse rate (47,48). The risk of relapse
correlated inversely with the severity of GVHD. Compared to individuals with acute
myeloid leukemia and chronic myeloid leukemia, acute GVHD had a stronger affect
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in patients with ALL, and chronic GVHD a lesser affect in ALL (47). Individuals with
ALL should have blood drawn for histocompatibility typing prior to initiation of
treatment for identification of sibling or unrelated donors, and for procurement of HLA-
matched platelet products, if they become refractory to platelet transfusions. Second,
marrow specimens should undergo immunophenotypic, cytogenetic, and molecular
analysis.

If a CR is achieved, and patients are not treated with allotransplantation while in
first CR (CR1), patients who relapse are candidates for allotransplantation. Most patients
with ALL can be induced into a second remission, and this should generally be attempted.
Patients with an HLA-identical sibling or unrelated donor should be evaluated for
transplantation in second remission. Delay of transplantation beyond second remission
compromises safety and effectiveness.

In adults with ALL who undergo transplantation in second CR, most studies indicate
a LFS rate of approx 30% (48-51). This compares favorably to the dismal results
achieved with CT (1,2).

Many patients with ALL undergo transplantation beyond second remission. Trans-
plantation may be the best strategy for patients in more advanced stages of disease.
Results are superior to those obtained with CT alone. However, for most individuals,
earlier transplantation offers the best chance for cure with the least risk.

Approximately 20% of individuals who fail primary induction therapy achieve sus-
tained LFS following allotransplantation (52,53). The fewer cycles of induction CT
patients receive, the more likely a successful outcome. Thus, transplantation should be
considered early in patients who fail induction therapy.

Over the past several years, results have improved substantially with allotransplanta-
tion (54). Furthermore, in patients who have relapsed, long-term outcome of allotrans-
plantation using matched unrelated donors is similar to those achieved with sibling
donors (55,56). The increased incidence of transplant-related mortality (TRM), using
unrelated donors, is offset by a lower relapse rate.

5. TRANSPLANTATION IN FIRST REMISSION

Allotransplantation in adults with ALL in first remission is a controversial topic.
An easy and frequently asserted answer to the question posed in this chapter’s title is
that allotransplantation in first remission has not yet been proven to result in a better
outcome than CT, and therefore this treatment should not be recommended. The authors
do not agree. Variability in results makes a simple conclusion difficult, but critical
interpretation of reported studies does permit reasonable conclusions.

It is clear that some adults with ALL benefit from allotransplantation performed
early. The best-studied and most widely accepted indication for allo-BMT in first
remission is the presence of the Ph'. It confers a dismal prognosis on patients who
undergo treatment with conventional CT (23,24,57). Forman et al. (58) reported a LFS
of 44% in Ph-positive ALL patients receiving transplant in CR1. The IBMTR reported
sustained LFS in nearly 40% of 55 Ph* ALL patients who underwent allotransplantation
in first remission or after relapse, which is a substantially better result than that reported
with CT regimens (59). The Ph' identifies a group of patients who should routinely
undergo transplantation in first remission, if related or unrelated donor sources are
available. Translocations such as t(4;11) are known to confer a similarly poor prognosis
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on patients treated with conventional CT. Patients with this disorder have been cured
with allotransplantation (60), and should routinely undergo allotransplants in first CR1,
if sibling or matched unrelated donors are available.

Many investigators have used other prognostic factors to identify patients in first
CR who are at high risk for relapse, and recommend allotransplantation during first
remission in these individuals. However, factors that place patients at high risk for
relapse with CT treatment, e.g., high presenting WBC, older age, and slow response
to CT, have been reported to adversely affect outcome after transplantation (61-63).
For the majority of adults with ALL, transplantation in first remission is not widely
accepted as the best treatment. Reports from the IBMTR (61,62), which compared
outcome in adults with ALL in first remission who underwent allotransplant, to two
German cooperative group trials in which patients received intensive postremission
CT, provide the most frequently quoted justification for not performing transplantation
in first remission. Similar probabilities for 5S-yr LFS were achieved (61,62), but this
was not a randomized trial. Compared to other published data, the CT-treated patients
chosen experienced an unusually favorable outcome, and the group of patients undergo-
ing transplantation had a strikingly high TRM of nearly 53% (95% ClI, 45-61%).

A more recent retrospective analysis compared CT subjects from the Japan Adult
Leukemia Study Group to a cohort from the IBMTR, aged 15-55 yr, diagnosed between
1988 and 1990 (64). The stated goal of this study was “to compare treatment-related
mortality, relapse, and leukemia-free survival after chemotherapy versus transplantation
after adjusting for . . . confounding variables. . . .” The overall difference in LFS was
not reported; however, it appears to have been in excess of 15%, despite a higher
proportion of patients with high WBCs and the Ph'® in the transplant group. Instead,
based on preliminary evaluation of data, further analyses were stratified by age. Relapse
probabilities in patients treated with CT were 69% (50-84%) in patients <30 yr, and
70% (53-85%) in patients >30 yr. LFS at 5 yr was significantly better in patients <30
yr who underwent transplantation (53% [44-63%] vs 30% [15-48%]), but the 26%
(13-41%) LFS with CT was not significantly worse than that in transplanted older
patients (30% [20-41%]). The absence of a demonstrable significant improvement was
clearly related to an high mortality rate (57% [43—-69%]) among patients >30 yr who
underwent transplantation. The relapse rate in the transplant group was similar, at 22%,
to many single and multi-institutional studies (65-71).

The most striking result from this study was the high incidence of TRM, particularly
among patients >30 yr. The authors would agree that a TRM rate approaching 60%
should steer patients and clinicians away from allotransplant in first CR, in all but the
most dire circumstances. However, many investigators have reported substantially lower
mortality rates (65—-71), especially for allotransplants performed recently. The European
Bone Marrow Transplantation Group found a substantial reduction in 3-yr TRM, from
39 to 25% (p = 0.0001), and a corresponding improvement in LFS, from 45 to 54%
(p = 0.0001), for patients transplanted after 1986, vs those transplanted before 1986
(54). The lower TRM was attributable to better supportive care, and was not associated
with loss of antileukemic activity. The improvement occurred despite the older age of
patients transplanted after 1986. Although the mortality rate in older patients was higher,
it did not appear to approach that reported by the IBMTR. Several studies (72-75)
have reported low mortality rates in older patients undergoing allotransplantation for
a variety of disorders. Many institutions and study groups have noted substantially
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lower mortality rates than that reported from the IBMTR. The role of patient selection,
preparative therapy, clinical care, and other factors in these differences merits fur-
ther study.

A prospective randomized study by the French Group for Therapy of Adult ALL
assigned allotransplantation for patients who had histocompatible sibling donors and
either autotransplant or CT in those who did not. The group undergoing allo-BMT had
a 5-yr disease-free survival of 45%; the others had a 5-yr disease-free survival of 31%
(76). All analyses were performed on an intention-to-treat basis. In the BMT group,
only 81% were actually transplanted; 14 relapsed prior to BMT, six patients refused
transplantation, and four were judged to be in poor physical condition. The intention-
to-treat analysis, in this study and in others, dilutes the effectiveness of transplantation,
by including patients who do not undergo BMT in the analysis. Patients who refuse
transplant, relapse prior to transplant, or are judged to be too sick to transplant, are
not relevant to the determination of the relative effectiveness of transplantation. The
failure of this study to detect a statistically significant difference in outcome does not
merit the conclusion that there is no difference in survival or LFS between the two
groups. The absence of a statistically significant difference is a result of the size of
the trial and the limitations of the intention-to-treat analysis, as well as the relative
effectiveness of the treatment arms. In fact, the study found substantially better 5-yr
survival rate in the transplant arm, 48% (38-58%) than the control arm, 35% (27-42%)
(p = 0.08), even by intention-to-treat. The conclusion that allotransplant does not
improve survival is unjustified. The trial was inadequately designed to assess this. By
design, the trial could detect only a huge difference in outcome. The data actually
suggest that transplantation improved LFS in this group of patients. This study did
define a group of high-risk patients with the Ph', null or undifferentiated, or c-ALL
with age >35 yr or WBC >30 x 10° L, or time to achieve CR >4 wk. Among high-
risk patients, LFS was significantly better among patients who underwent allotransplants.

Vey et al. (77), in Marseilles, have, since 1981, routinely considered all adult ALL
patients for allo- or autotransplant. Seventy-one percent of these patients had >1 poor-
risk factor, i.e., age >30 yr, non-T-cell ALL with WBC >30 x 10° L, CNS involvement,
or biphenotypic ALL, Ph*, or t(4;11), and/or two more induction courses to CR. The
autologous group had a relapse rate of 68%, and a 10-yr probability of LFS of 28%.
The allogeneic group had a relapse rate of 12% and a 10-yr probability of LFS of 58%.
High-risk factors were reported to adversely effect prognosis after autologous BMT,
but not after allo-BMT.

The label “high-risk” is relative. A disease with a cure rate of less than 20% and a
relapse rate of 70% places virtually everyone at high-risk for relapse. Allotransplantation
clearly and substantially reduces relapse rate in all studies, and should be considered
in all adult patients. Studies that have identified older individuals as high-risk have
found significant benefit to transplantation. For patients older than 30 yr, individual
programs should balance the reduction in relapse rates with institutional TRM. It is
difficult to reconcile the low risk of TRM in numerous large single and multi-institutional
trials, even in older patients with advanced disease, with the high mortality rates reported
by the IBMTR studies. It is overly simplistic to attempt to explain such differences
purely on numbers of transplant performed. Investigators should analyze their center’s
individual results in ALL, particularly with regard to TRM. When data indicate mortality
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rates in excess of 40%, referral to centers where adequate data exists for assessment
of risk, and where mortality rates are low, is appropriate.

Current policy at many centers reserves allotransplantation in CR1 for patients with
only the most dismal prognostic profiles, e.g., Ph*. This strategy raises several questions.
Why should poor results, e.g., high TRM rates in older patients, at some centers, limit
transplantation at large centers with favorable results in older patients? Why should
results using unfamiliar preparative regimens or supportive care techniques (e.g., in
some multi-institutional trials), in which individual centers may enter only a few patients,
be relevant to centers using techniques they have established and studied over many
years, and with which they have obtained excellent results? Why should results in
patients who undergo transplants, despite characteristics that would make them ineligible
at other centers, be relevant at more discriminating centers? These questions do not
diminish the importance of data from randomized trials or registry results. They only
serve to remind us that all studies, including randomized trials, merit critical review.

Studies of allotransplantation in first remission ALL consistently demonstrate sub-
stantially low relapse rates. Using a variety of preparative regimens and supportive
care techniques, relapse rates are 40-50% lower with transplantation than with CT.
This is balanced, in part, by considerable TRM. However, the mortality rates with
allotransplantation for ALL in first remission have improved considerably over the past
several years. The substantial improvement in relapse rates justifies the procedure, if
it can be performed safely. It is therefore reasonable that the majority of patients with
ALL, who have appropriate sibling donors, undergo allotransplantation in first remission.
This should be applied to virtually all patients, with the possible exception of those at
exceedingly low risk of relapse, e.g., adolescents who have no high-risk prognostic
factors, such as extramedullary disease, WBC count greater than 30,000, unfavorable
cytogenetics, or delay in achieving CR, and who have undergone adequate evaluation.
For patients who have inadequate cytogenetic analysis, transplantation is probably
advisable, since a substantial proportion will have abnormal cytogenetics, most of
which are unfavorable. Patients who are at increased risk for transplantation, because
of functional status, transaminitis, or significant cardiopulmonary or renal disease,
should not generally have allotransplant in CR1. Furthermore, with the exception of the
aforementioned cytogenetic abnormalities associated with dismal prognosis, matched
unrelated transplantation should probably be recommended for second remission.

A study between the Eastern Cooperative Oncology Group and the Medical Research
Council in Britain is currently in progress, comparing the rates of HLA-matched sibling
allo-BMT vs either conventional CT or autotransplantation in patients with ALL in
first remission. In this large prospective randomized study, all patients will receive the
identical induction and intensification CT. They will be stratified according to prognostic
factors (age, WBC at presentation, time to CR, immunophenotype, karyotype, and CNS
involvement). This study may help determine the best therapy for ALL in first remission,
stratified according to prognostic variables.

This chapter may convince clinicians of the need for continued clinical research in
adult ALL, and of the importance of placing patients on appropriate clinical studies.
Proctor has eloquently summarized limitations in our current trials, and suggested “a
strategic shift in study approach” (2). For reasons presented in this chapter, and in
Proctor’s review, the authors concur. At present, however, it appears that most adults
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with ALL who achieve CR will relapse with conventional therapy. The number of
cured patients can be improved by allotransplantation in patients with sibling donors.
Present philosophy places the burden of proof on the demonstration of specific high-
risk features for consideration of transplantation. Failure to adequately characterize
ALL, e.g., by cytogenetic and molecular testing, results in a substantial proportion of
patients who are not appropriately identified as destined to relapse. The burden of proof
should be on the treating clinician, to reliably demonstrate that a patient is at low risk
for relapse, before deciding that allotransplantation in first remission is not indicated.
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1. INTRODUCTION

Acute leukemia was uniformly fatal until the development of effective therapeutic
chemotherapy (CT) regimens in the early 1970s. Combination CT for acute leukemia
induced complete remission (CR) in the majority of patients, but postremission therapy
was inadequate to prevent relapse (1). Relapsed patients, and those who failed to achieve
CR, invariably died from their leukemia.

In 1977, the Fred Hutchinson Cancer Research Center reported their results with
human leukocyte antigen (HLA)-matched sibling, allogeneic bone marrow transplanta-
tion (allo-BMT) in 100 patients with relapsed and refractory acute leukemia (2). Of
these 100 patients, 56 were adults, the oldest being 56-yr-old. All were considered
end-stage, but 10 (18%) were alive at least 330 d post-BMT. All were treated with
total body irradiation (TBI) with or without CT. Of the 12 adults going into BMT in
poor clinical condition (“advanced relapse, and/or refractory to random platelets, and/
or febrile on broad-spectrum antibiotics, very poor clinical condition”) (2), two (17%)
survived. These results were obtained without modern cytomegalovirus (CMV) prophy-
laxis, without cyclosporine for graft-vs-host disease (GVHD) prophylaxis, and without
antifungal prophylaxis. Most of the surviving patients were still alive 5-yr later (3),
clearly demonstrating that BMT can cure otherwise incurable patients with acute leu-
kemia.
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Yet, since the publication of those early results, the non-BMT therapy of acute
leukemia has also improved (4,5). Some subgroups of untreated acute leukemia can
now be cured with modern intensive CT protocols (4). Long-term disease-free survival
(DFS) has been achieved, even in relapsed and refractory patients, with high-dose
cytarabine (6—10). In fact, for patients whose first remissions’ duration exceeds 2 yr,
the long-term DFS with salvage CT is approx 20%, similar to the results seen with
BMT (11,12).

Despite occasional long-term survivors, the vast majority of patients who fail to
respond to initial CT or relapse after an initial remission, are not curable with CT alone
(13—16). BMT is usually recommended for these patients, but the curative potential
of BMT in this setting is not generally appreciated by either those recommending the
procedure or those receiving one. Given the wider availability of matched donors made
possible by large international registries of unrelated volunteer marrow donors, clinicians
caring for patients with acute leukemia need a clear understanding of the curative
potential of BMT in refractory disease.

2. PRIMARY REFRACTORY ACUTE LEUKEMIA

Patients who fail to achieve CR with initial induction CT have a poor prognosis
with salvage CT alone. Following induction CT with 1-2 cycles of cytarabine (100-200
mg/m%d as a continuous infusion for 7 d) and idarubicin (12 mg/m?d for 3 d), approx
30% of patients under the age of 60 yr will fail to achieve remission (17-19). Although
some of these patients may achieve remission with salvage high-dose cytarabine (2-3
g/m* every 12 h for 3-6 d), cure is rare (6,7). For patients treated initially with high-
dose cytarabine, refractory disease portends an even worse prognosis, with a low
probability of even achieving a remission to salvage CT (12). Similar statistics exist
for patients with acute lymphoblastic leukemia (ALL) receiving standard induction
with vincristine-based regimens (5,13).

BMT potentially cures primary refractory acute leukemia. In a study from 1991,
Forman et al. (20) described a series of 21 patients (children and adults) treated with
HLA-matched sibling BMT for primary refractory leukemia. All but three patients
were treated with a TBI-containing preparative regimen. Nine patients (seven adults)
survived at least 556 d, with an estimated 10-yr DFS of 40%. Approximately one-half
of the patients who did not survive died from leukemic relapse, not BMT complications.

In another study of 24 patients with primary refractory acute leukemia treated with
BMT, 17/20 evaluable patients (85%) achieved a CR (21). Ten of these patients
subsequently died of transplant-related complications, but three (17%) survived at least
2 yr. These three began their preparative regimens with 39-90% blasts in the bone
marrow, indicating that truly CT-resistant leukemia is potentially curable with BMT.

The International Bone Marrow Transplant Registry (IBMTR) published their results
of HLA-matched sibling BMT in 126 patients with refractory acute leukemia (22).
Most patients (83%) were treated with TBI-containing preparative regimens. Various
GVHD prophylaxis schedules were employed, but most (56%) included cyclosporine.
Although approx 60% of patients relapsed, the estimated 3-yr DFS was 21%, with no
significant differences seen between those treated for acute myeloid leukemia (AML)
and those treated for ALL.

Results for matched unrelated donor (MUD) BMT are less readily available. The
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few patients treated for primary refractory leukemia are usually considered in the same
group as those with resistant relapse or active leukemia. Although cure is described
within this group of patients, the specific results for primary refractory disease are
unavailable in published reports. As of September 14, 1998, only 78 patients had been
reported to the IBMTR as being treated for primary refractory acute leukemia with
MUD BMT. The 3-yr probability of leukemia-free survival in these patients was 11%.
The relapse rate of 67% is similar to that noted with sibling BMT.*

The high relapse rates noted following BMT strongly suggest that myeloablative
therapy with radiation and/or CT is often inadequate to eradicate leukemia. Thus,
minimal residual disease probably persists following the preparative regimen. The
persistence of subclinical disease has been clearly demonstrated following BMT for
chronic myeloid leukemia, and may predict for subsequent relapse (23,24). Emerging
evidence suggests that the minimal residual disease present following BMT may be
eliminated by immunologic manipulations, such as adoptive immunotherapy (25),
immunomodulation with cytokines (26), and gene therapy (27). Although these therapies
are currently experimental, they hold promise for reducing relapse rates, and for improv-
ing outcome.

Most authorities recommend BMT for patients with primary refractory acute leukemia
(4,12,13). However, physicians must anticipate the possibility of refractory disease at
initial diagnosis, for expedient application of BMT. HLA-typing, donor assessment,
virological screening, and insurance verification require time to complete. The patient
who has failed a second induction cycle of CT has already been neutropenic and
transfusion-dependent for weeks. Any extra time used to secure a donor increases the
likelihood of an infectious complication and possible death. Securing an unrelated
donor is even more problematic. Unfortunately, many patients are not HLA-typed at
diagnosis, and consultations with a transplant center often do not begin until the patient
is already refractory. Optimal results from BMT will only become manifest when
patients with refractory disease are evaluated for BMT early in their treatment course.

3. RELAPSED ACUTE LEUKEMIA

At the onset of relapse, patients for whom a marrow donor is identified and available
may either proceed immediately to BMT or receive salvage CT in an attempt to induce
a second CR. Which of these two options is the optimal strategy is not clear.

In an early retrospective report by the Fred Hutchinson Cancer Research Center, 62
patients with an initial relapse of AML were treated with TBI-containing preparative
regimens and HLA-matched sibling BMT (28). Long-term DFS of patients treated with
immediate BMT was 29%, which compared favorably with results achieved in patients
treated first with salvage CT, then treated with BMT in persistent relapse (10% DFS)
or second remission (20% DFS). This small, retrospective study suggested no advantage
for salvage CT with intent to induce a second remission prior to BMT, compared to
immediate BMT. A larger, updated retrospective review confirmed the utility of immedi-
ate HLA-matched sibling BMT for untreated relapse of AML, compared to those first

*The data presented here were obtained from the Statistical Center of the IBMTR. The
analysis has not been reviewed or approved by the Advisory Committee of the IBMTR.
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Table 1
Results of HLA-matched Sibling BMT for Relapsed AML
n Transplant-related mortality Relapse 5-yr survival (%)
Untreated 54 36 10 28
Second remission 49 34 9 31
Resistant relapse 29 22 9 24

Adapted with permission from ref. 29.

receiving salvage CT (Table 1; 29). Finally, the Seattle experience, treating active,
relapsed AML with BMT, was recently updated (30). A variety of preparative regimens
were used to treat 126 patients. The early mortality rate was high, with 20 patients
dying before d 30 post-BMT, but 26 patients (21%) survived at least 2 yr post-BMT.
The chief cause of death was relapse, which occurred in 48 patients (38%). Two cohorts
of patients in this study differed only by their GVHD prophylactic regimen. One group
was treated with cyclosporine and methotrexate; the other was treated with methotrexate
alone. The risk of GVHD was lower in the cohort treated with cyclosporine, but the
risk of relapse increased leading to a similar overall survival between the two groups.
The association of GVHD with a decreased risk of relapse supports the findings of
other studies, which suggest a graft-versus-leukemia (GVL) effect exists for AML (31).

Often, however, many patients cannot proceed immediately to BMT upon relapse.
Reasons vary, but may include lack of foresight in securing a matched donor, active
and life-threatening relapse requiring immediate intervention, and lack of guaranteed
insurance coverage. For these patients, salvage CT is administered in an attempt to
induce a second remission before proceeding to BMT. In fact, most patients are treated
with salvage CT before proceeding to BMT. However, salvage CT will not always
result in remission. The likelihood of second remission is directly proportional to the
duration of first remission (Table 2). Therefore, patients who are treated with salvage
CT will come to BMT in remission, or (just as often) with active, CT-resistant disease.

BMT for patients achieving a second remission, results in leukemia-free survival of
25-50%, whether the source of stem cells is a relative (32-36) or unrelated donor
(37-39). Given that only rare cases of relapsed adult acute leukemia are curable with
CT alone, allo-BMT is recommended for selected (normal cardiorespiratory function,
normal hepatic and renal function, and no significant co-morbid illness) patients less

Table 2
Results of Salvage CT for AML

CR Rate (%)

First Salvage CT

CR>2yr 73

CR>1yr,<2yr 47

CR<1yr 14
Second Salvage CT

First CR < 1 yr 0

Data from ref. 61.
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than 60 yr of age in second remission, who have an HLA-matched donor (14,40).
Patients failing to achieve remission have a worse prognosis with BMT. One could
reasonably ask this question: Is BMT indicated in the patient with acute leukemia who
fails to achieve remission after relapse?

In an early report (41), 33 patients with acute leukemia treated with matched-sibling
BMT were analyzed for outcome. Of these patients, eight had active disease at the
time of BMT and six had more than 25% blasts in their bone marrow. All were treated
with TBI-containing preparative regimens, but only methotrexate was given for GVHD
prophylaxis. Only one of the eight patients with active disease survived >276 d; none
of the others survived beyond 165 d post-BMT. None of the patients with >25% marrow
blasts survived. In contrast, patients treated identically, but in remission, experienced
a survival rate greater than 50%.

Similar poor results were reported in another series of 26 patients with active, relapsed
AML treated with TBI-containing regimens, and HLA-matched sibling BMT (34).
Sixteen of these patients had relapsed from an initial second remission, and 10 failed
to respond to salvage CT. Although three patients (10%) were alive and in remission
from 17-44 mo post-BMT, no refractory patients survived.

The results of these studies suggest that patients with AML are best treated in
remission, in contrast to the conclusions reached by the Seattle studies (29). Data
supporting the Seattle group’s position comes from a European case series (32). Thirty-
eight patients were treated with TBI and high-dose VP-16-213, followed by matched,
related-donor BMT. Of four patients with AML and four patients with ALL treated
for refractory relapse, five survived without relapse 219-1078 d post-BMT. Two of
the survivors were adults (22 and 42 yr of age).

Results similar to those achieved in AML have been reported for ALL. Using TBI-
containing preparative regimens, 103 adult patients with active ALL were treated with
matched-sibling BMT in another series reported by the Seattle group (42). These patients
had either primary refractory (n = 10) or relapsed (first relapse n = 37; second or greater
relapse n = 50) disease. Compared to a group of patients treated similarly, but in
remission, the patients with active disease experienced a similar incidence of transplant-
related complications, but an increased incidence of relapse. The long-term DFS of
less than 20% was similar in both groups. Many deaths were attributed to interstitial
fibrosis, a complication less commonly encountered with modern treatment protocols.
The presence of extramedullary disease (leukemic meningitis) did not predict for worse
outcome in multivariate analysis.

Clearly, the results of matched, related-donor BMT for resistant relapse of acute
leukemia are poor. Cure, however, is possible with BMT for these otherwise incurable
patients. Unfortunately, BMT is not even an option for the majority of patients lacking
a related, histocompatible marrow donor. For these patients, MUD BMT holds some
potential appeal.

Few patients have been treated for relapsed, refractory acute leukemia with MUD
BMT. Only 77 adult patients with adult leukemia treated with MUD BMT were reported
as “not in remission” to the IBMTR as of 1991 (43). In case series, these few patients
are usually considered together with other groups of high-risk patients, making analysis
of their specific outcome difficult (44,45). However, some studies have classified patients
treated for acute leukemia with MUD BMT into those in remission and those with
active disease at the time of BMT.
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In a review of 462 MUD transplants facilitated by the National Marrow Donor
Program (NMDP), 153 patients with acute leukemia were described (37). The patients
treated in first or second remission had a 2-yr DFS of 45%, compared to 19% survival
for patients treated with more advanced disease, including those with active disease at
the time of BMT.

In another reported series, 55 patients with acute leukemia were treated with various
preparative regimens, followed by MUD BMT (38). The patients were subgrouped into
those treated in remission and those treated with active disease. The patients treated
in remission had a 3-yr DFS of 33%, compared to a survival of 15% in patients treated
with active disease. The risk of relapse was 24%, indicating that mortality in this series
was largely attributable to complications arising from BMT, such as GVHD.

The largest series of patients with acute leukemia treated with MUD BMT was
recently reported (46): 168 patients were treated with TBI and cyclophosphamide, and
six were treated with CT only. All patients were either matched (identical at HLA-
A,B, and D/DRBI1 loci) or minor mismatched (single disparity at a class I antigen
belonging to the same crossreactive group, or a single disparity for D/DRB1 subtype
alleles within the same DR specificity). All minor-mismatched patients were less than
36 yr old. Standard GVHD prophylaxis with cyclosporine and methotrexate was given
after BMT (47).

Although 16 patients died before engraftment could be fully assessed, 99% of the
remaining 158 patients achieved sustained donor engraftment (46). BMT was compli-
cated by severe acute GVHD in 47% of patients. Although faster engraftment was
associated with a larger marrow cell dose, severe GVHD occurred less often with larger
cell doses.

At the time of BMT, patients were classified as either in remission or with active
disease. The relapse rate was greater than 40% for patients receiving BMT with active
disease, compared to less than 30% in those patients treated in remission (46). Of those
patients with active disease, patients with more than 30% marrow blasts had a relapse
risk >60%, compared to a risk of about 40% in those with <30% marrow blasts.

Survival also depended on the status of disease at the time of BMT. Although only
19% of patients enjoyed long-term leukemia-free survival, the survival of those patients
treated in remission was 27% for AML and 37% for ALL (46). The survival rate of
patients treated with active disease was only 11%. Within this poor prognostic group,
however, patients beginning their preparative regimen with less than 30% blasts in
their marrow, and no circulating blasts, had a significantly better survival, compared
to those who had more than 30% blasts in their marrow or circulating peripheral blasts.
There was no significant difference in survival when comparing patients receiving BMT
in untreated relapse (12%; n = 50) vs those in CT-resistant relapse (5%; n = 44).

At the time of relapse, adult patients with acute leukemia and no histocompatible
relatives are often entered into the NMDP, in an attempt to locate a MUD. Especially
for Caucasians, a donor is usually found. For those patients achieving a second remission,
cure is possible in 30-40% of patients who go on to MUD BMT (Table 3). For those
who fail to achieve remission or relapse before beginning BMT, however, cure is
possible in 10-20% of cases, which is similar to results achieved with BMT for primary
refractory acute leukemia utilizing HLA-matched sibling donors. For selected young
patients, especially those who relapse within 2 yr of achieving CR, MUD BMT offers
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Table 3
Results of MUD BMT for Patients with Relapsed Acute Leukemia
Leukemia-free
Status n survival (%) Ref
NMDP Remission 55 45 37
Relapse 98 19
UCLA Remission 28 33 38
Relapse 26 15
Fred Hutchinson Cancer Research Center Remission 66 27-37¢ 46
Relapse 94 10-12¢

%Results for AML and ALL, respectively.

a chance for cure not otherwise possible. Such a chance should be offered to appropriate
patients, along with a frank discussion of potential risks.

4. GRAFT VERSUS ACUTE LEUKEMIA EFFECT

The most common reason for failure of BMT to cure refractory acute leukemia is
relapse. To improve the curative potential of BMT, the relapse rate must be reduced.
There are two major components to BMT that can impact on the relapse rate. One is
the preparative regimen. Standard myeloablative regimens, whether busulfan- or TBI-
based, effectively destroy recipient hematopoiesis, yet the leukemic clone often survives.
Alterations of the preparative regimen, such as adding new drugs, intensifying the dose,
and specific targetting of blast cell antigens, have not yet improved the outcome of
BMT to a significant degree. The intrinsic resistance of the leukemic clone to both CT
and radiation suggests that new, innovative approaches are needed, if the true potential
of BMT is to be ultimately met.

The second component capable of eradicating leukemia is the so-called GVL effect.
There is substantial evidence that a donor-lymphocyte-mediated graft-versus-acute-
leukemia (GVAL) effect exists, and can potentially be harnessed for exploitation. The
first line of evidence supporting a GVAL effect comes from early studies that indicated
a lower relapse rate in patients who developed GVHD (31). In their series of patients
with AML treated by sibling BMT, the Seattle Group noted a larger reduction in the
rate of relapse among patients who developed chronic GVHD, compared to those who
developed acute GVHD (29). In contrast, acute GVHD appeared to significantly reduce
the relapse rate in patients treated for ALL (42). An IBMTR report noted a protective
effect of any GVHD against ALL relapse, but only chronic GVHD against AML relapse
(48). Other series (35) support the observation that acute GVHD does not appear to
reduce the relapse rate in AML.

Studies of T-cell-depleted (TCD) BMT provide contradictory evidence of a GVAL
effect. TCD reduces the incidence and severity of GVHD. Therefore, donor T-cells
appear to mediate GVHD. If GVHD prevents relapse, one would predict higher relapse
rates in patients treated with TCD BMT. This prediction is demonstrably true for
chronic myeloid leukemia (CML) (49). An increased relapse rate following TCD was
noted by the IBMTR in AML, but not in ALL (48). More recent series (50-52),
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however, have failed to indicate a higher incidence of relapse for the acute leukemias
following TCD BMT. The confusing results obtained from reviewing studies of TCD
BMT may result from differences in preparative regimen, additional GVHD prophylaxis,
and patient selection. Only prospective studies will ultimately determine whether or
not TCD influences relapse rate and survival.

The results of syngeneic BMT represent a third line of evidence supporting the
existence of a GVAL effect. The relapse rate of patients receiving syngeneic BMT for
high-risk acute leukemia is higher than in patients with GVHD after allo-BMT (31,53).

Finally, the most compelling evidence for a GVAL effect comes from cases of acute
leukemia relapsed after allo-BMT. In this situation, a reduction in immunosuppression
can lead to remission, without the requirement for cytotoxic CT. When this maneuver
fails to elicit either GVHD or remission, an infusion of donor lymphocytes (DLI) may
provide the desired effect. DLI may induce remission in as many as 30% of patients
with relapsed AML, but the effect on ALL has been less pronounced (54,55). Clearly,
however, a GVAL effect exists, and potentially can be exploited to reduce relapse rates
in acute leukemia.

Unfortunately, the beneficial effect of GVAL is undermined by its association with
GVHD, which can be very debilitating, and is often fatal (56). The separation of GVAL
from GVHD promises to improve the curative potential of refractory acute leukemia.
Several approaches to achieve this elusive goal are under active investigation (57).
One of these approaches attempts to selectively deplete donor marrow of lymphocytes
that mediate GVHD, while retaining those that might mediate GVAL. An infusion of
CD8* TCD DLI results in GVL effects similar to unmanipulated DLI, without incurring
a high incidence of GVHD in patients with CML (58). Similar results have been noted
in several series utilizing CD8* TCD BMT for hematologic malignancies (52,59,60).
All demonstrate a reduction in GVHD without an increase in relapse rates. These
observations suggest that GVAL can potentially be separated from GVHD.

Another approach to separate GVHD from GV AL utilizes gene transduction technol-
ogy. Donor lymphocytes are transduced with Herpes simplex virus thymidine kinase,
rendering the cells sensitive to treatment with ganciclovir. These transduced cells can
be infused into a recipient with relapsed leukemia, in an attempt to generate a GVL effect.
If unwanted, severe GVHD develops instead, ganciclovir is administered, effectively
destroying the transduced donor lymphocytes (27). This and other innovative approaches
promise to separate GVAL from GVHD for therapeutic exploitation.

5. CONCLUSIONS

This chapter was written to help clinicians treating critically ill patients with acute
leukemia who are refractory to standard CT, to determine the potential role of BMT.
For the clinician biased against BMT in this situation, evidence is given to support
their position. Clearly, most patients with refractory leukemia will either die as a result
of BMT or relapse in spite of it. No prospective study will ever document improved
leukemia-free survival with BMT, compared to standard treatments alone. The toxicity of
BMT is extreme, and the cost is exorbitant. Some will conclude that these considerations
indicate the procedure is not justified, and, therefore, need not be offered.

Transplant physicians, in contrast, will review the same data, note a defined cure
rate, and conclude that all patients should not only be offered, but encouraged to receive
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a BMT. Most patients are either referred to transplant physicians by like-minded
community oncologists, or are in search of cure at any cost. Even the most optimistic
of transplant physicians, however, must accept the somber reality of a limited benefit
of BMT in the setting of refractory acute leukemia.

Neither the view of the therapeutic nihilist nor the opinion of the aggressive trans-
planter is absolutely correct. The field of BMT is not static. New findings and insights
emerge almost daily. Not to offer cure when new therapies and ideas are being tested
would be to accept the current state of affairs, and to stifle progress. To continue current
treatment protocols without modification seems equally short-sighted. The curative
potential of BMT rests in innovative treatment strategies that seek to take advantage
of the leads provided by previous clinical studies and new basic research. Patients
should be exhorted to follow the example set by the pioneers who volunteered for the
initial trials of BMT in Seattle. Some of those patients are alive today, because of their
conquering spirit and the timely application of available technology.

The author is often asked, “When will you be able to cure leukemia?”’ The cure is
available now. Although only occasional patients will survive the procedure as adminis-
tered today, the curative potential of BMT for refractory acute leukemia is 100%. The
challenge is for clinicians to achieve that potential by seizing on the advances already
made, and to develop innovative methods to capitalize on them.
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1. INTRODUCTION

At first glance, autologous stem cell transplantation (ASCT) for a bone marrow
(BM) disease such as leukemia makes little intuitive sense. Regardless of the eradication
of leukemia by high-dose chemotherapy (CT), stem cells previously collected, either
in remission or at time of active disease, will almost certainly be contaminated by a
population of tumor cells. Viable cells will logically result in relapse. If, however,
there are no viable tumor cells present at the time of the transplant, then one would
wonder whether high-dose therapy (HDT) is really necessary. Long-term survivors
after ASCT are perhaps only those who would have been cured by therapy received
prior to the SCT. This chapter investigates the truth or fallacy of the above statements.

If HDT and SCT is to be successful as a curative therapy for leukemia, then one
or more of the following must be true:

1. HDT overcomes drug resistance, and therefore converts patients in remission to cure,
and thereby improves outcome.

2. The processing and purging of stem cells is capable of eliminating the contaminating
leukemia cells from the graft, thereby resulting in cure.

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 the form of adoptive immunotherapy.

On the other hand, if SCT does not alter the natural history of leukemia more than
does conventional-dose CT, then the numerous promising phase II trials of this modality
must be misleading. The most likely reason for this would be the possibility that patients
chosen for SCT are different than historical controls, and this selection bias accounts
for improved outcome. Phase II and, when available, randomized clinical trials are
reviewed, to critically evaluate the role of SCT in leukemia.

2. AUTOLOGOUS SCT FOR ACUTE MYELOID LEUKEMIA

2.1. History

The first report of autologous bone marrow transplantation (AMBT) for acute myeloid
leukemia (AML) was published in 1977 by Gorin, et al. (/). This patient with AML
in first relapse had marrow collected in first remission, which was stored in liquid
nitrogen and infused after a myeloablative regimen at time of relapse. The patient
experienced hematopoietic recovery and entered a second remission. Soon thereafter,
Fefer et al. (2) reported a series of patients with refractory AML who had syngeneic
donor transplants, and also demonstrated long-term relapse-free survival (RFS). A
number of reports followed, utilizing first remission marrow for hematopoietic rescue
after HDT for refractory AML, all demonstrating high response rates, but few cures
(3). With these promising reports of activity, the procedure was moved earlier into the
course of disease, at first or subsequent remission.

2.2. Rationale

Increased dose and dose intensity of postremission therapy has now been shown to
clearly improve outcome in AML. In 1985, Cassileth et al. (4) demonstrated that low-
dose cytosine arabinoside (Ara-C) maintenance CT was superior to no postremission
therapy in first remission AML. Subsequently, a number of trials have demonstrated
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that higher doses of ara-C, either in a single course or a number of postremission
cycles, is superior to lower doses of ara-C postremission therapy (5,6). SCT was the
logical progression of this idea: administering myeloablative doses of CT, hopefully
so toxic to hematopoietic stem cells (HSC) that replacement was necessary for hemato-
poietic recovery.

2.3. Prognostic Factors

A number of patient characteristics have now been identified as prognostic factors
in the treatment of AML. Interpretation of clinical trials must be made, because of
different prognostic subtypes, and a more disease-directed therapeutic approach is
evolving. Factors that have consistently been found to predict poor therapeutic outcome
with standard CT include: older age, high white blood cell (WBC) count at diagnosis,
trilineage morphologic dysplasia, more than one cycle of induction CT to achieve
complete remission (CR), poor-risk cytogenetics (including abnormalities of chromo-
somes 5, 7, 8, 11, and 13), CD34 and MDR-1 expression by flow cytometry, secondary
AML arising from a preexisting stem cell disorder or from therapy-related, extramedul-
lary disease, or residual cytogenetic abnormalities present after a course of induction
CT. Good prognostic factors include the lack of the above characteristics, but, most
particularly, favorable cytogenetic abnormalities, such as the 15:17 translocation in
acute promyelocytic leukemia, or the 8;21 translocation and abnormalities of the chro-
mosome 16, thought to involve abnormalities in the core-binding-factor complex.

In general, patients with secondary or therapy-related AML, myelodysplasia, and
residual cytogenetic abnormalities are rarely treated with ASCT. All other subgroups
have been considered appropriate for clinical trials.

2.4. Methods of SCT
2.4.1. HIGH-DOSE 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 Johns Hopkins (7)
and Seattle (8) groups. To this day, total body irradiation (TBI) and cyclophosphamide
(Cy), or the busulfan (Bu) and Cy, are the most common regimens utilized. Bu/Cy
consists of 1 mg/kg oral Bu given every 6 h for 16 total doses (16 mg/kg), followed
by 2—4 d Cy for a total of 120-200 mg/kg. Most centers utilize the Bu/Cy(2) regimen
(7,8). Most recently, Bu dosing has been monitored and adjusted pharmacokinetically
by measuring the area-under-the-curve (AUC) (9). Maintenance of AUC levels within
a narrow range is being investigated, to determine whether toxicity and survival can
be optimized. Additionally, intravenous preparations of Bu may improve the delivery
and decrease the toxicity of this agent (10). Radiation is usually given in six fractionated
doses of 200 cGy, with the 120 mg/kg Cy dose. No definitive data suggests a clear
benefit of a radiation-containing regimen over a CT regimen. VP-16 has been added
to both regimens, resulting in increased mucositis and hyperbilirubinema, without clear
incremental benefit (11).

2.4.2. STEM CELL SOURCE

Pluripotent HSCs can be derived directly from bone marrow (BM) via numerous
percutaneous aspirations or by leukopheresis of cells circulating in the blood. Blood-
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derived stem cells appear to consistently shorten the time to neutrophil and platelet
recovery, compared to BM, but this difference can be substantially reduced by the use
of hematopoietic growth factors, and has not clearly been shown to alter outcome. BM-
derived stem cells have traditionally been used as the stem cell source of choice for
in vitro purging techniques, because of easier logistics.

2.4.3. STEM CELL IN VITRO PURGING

Stem cells derived from BM or blood have a high likelihood of contamination with
leukemia. These residual leukemic cells may then contribute to relapse (12). Work by
Brenner et al. (13) has demonstrated that leukemic cells in the BM graft are present
at the time of relapse. Patients had one-third harvested marrow incubated with LNL-
6 retroviral vector, which contains the neomycin-resistant genes. Patients underwent
SCT using both marked and unmarked marrows. At the time of relapse, a subset of
leukemia cells contained the neomycin-resistant gene, suggesting that at least some
component of the relapse was caused by cells from the reinfused product (13).

Ex vivo laboratory studies show that a number of different purging techniques will
substantially reduce the contamination of leukemia cells from the harvested product
(14,15). However, no study has shown a survival benefit of purged stem cells, compared
to unpurged stem cells. In fact, studies of syngeneic BMT for AML show a >50%
relapse rate, suggesting that failure of the myeloablative regimen may be a greater
reason for failure of transplant than relapse from contaminating tumor cells (16). A
number of approaches for stem cell purging have been utilized for AML. Most studies
have utilized pharmacological purging with Cy-derived compounds of 4-hydroperoxy-
cyclophosphamide (4-HC) or mafosfamide (17,18). Cy requires the liver for metabolism
into the volatile metabolite, hydroxycyclophosphamide. The purging agents, however,
are metabolized intracellularly to phosphoramide mustard, the active agent. VP-16 has
also been added to these agents for increased effect (19).

Monoclonal antibodies (mAbs) have also been used to purge contaminating early
hematopoietic cells. Anti-CD33, anti-CD15, and anti-CD14 mAbs have been utilized,
along with complement fixation (20-23). Other methods that have been utilized include
density separation, elutriation, and cytokines, such as interleukin-2. Although no ran-
domized study has yet been performed, comparison of multiple phase II studies suggests
that these purging techniques have resulted in a delayed engraftment and resultant
increased morbidity from infection and bleeding without clear benefit, compared to
unpurged stem cell products. The use of granulocyte colony-stimulating factor and
granulocyte-macrophage colony-stimulating factor after purged SCTs has not been
studied extensively, and may ameliorate some of these toxicities (24). Alternatively,
amifostine has been used as a cytoprotective agent, to allow for sparing of normal
HSCs in the graft (25).

Retrospective studies have compared purged marrow to unpurged stem cells for
AML patients in first remission. The Autologous Blood and Marrow Registry reviewed
294 patients with AML who underwent ASCT in first and second remission. In a
multivariate analysis, patients who received 4-HC-purged stem cells had a significantly
lower rate of treatment failure (3 yr leukemia-free survival 56 vs 33% CR1, 39 vs 10%
CR2), but without clear benefit in terms of overall survival (OS) (Miller, unpub-
lished data).

Despite a sound rationale and laboratory evidence for efficacy of purging techniques,
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Table 1
ABMT for AML in Early Relapse or Second and Subsequent Remission
RF # Patients Regimen Purge DFS (%)  Relapse (%)
Meloni et al. (26) 60 CR2 BAVC No 42 58
Chopra et al. (27) 9 ER Bu/Cy No 33 70
25 CR2
Yeager (28) 82 CR2 Bu/Cy 4 HC 34 CR2 58 CR2
16 CR3 26 CR3 55 CR3
Korbling et al. (29) 30 CR2 Cu/TBI Mafosfamide 34 65
Rosenfeld et al. (30) 8 ER Bu/Cy or 4 HC 19 73
7 CR2 Cy/TBI
9 2 CR3
Ball et al. (31) 23 ER Cy/TBl or mAb 30 48
84 >2CR2 Bu/Cy or
Bu/VP-16
Linker et al. (32) 19 CR2 Bu/VP-16  4-HC 56 25
2 CR3

BAVC, BCNU, amaserine (AMSA), VP-16, Ara-C; ER, Early relapse.

there remains no definitive evidence of a benefit from any of the purging techniques,
compared to unpurged stem cells.

2.5. Clinical Results
2.5.1. PHASE II TRIALS

Numerous phase II trials have demonstrated the efficacy of ASCT as a consolidation
therapy for AML in remission. Trials in second and subsequent remission generally
demonstrate a 20-30% long-term RFS; studies in first remission show a 34—-70% long-
term RFS, with mortalities ranging from <5 to 15%. Table 1 reviews phase II studies
in patients in early relapse or second and subsequent remissions. In general, in these
patients, first relapses occurred after periods of <1 yr. Actuarial disease-free survival
(DFS) and relapse rates are based on median follow-ups of 20-40 mo. Although no
randomized study has been performed, these results are clearly better than those with
standard CT in this patient population.

Numerous phase II studies have subsequently been done in patients in first remission
(33-35). Although DFS of up to 70% has been reported, the interpretation of these
results is limited by a number of factors. In particular, patients on innovative phase 11
trials are generally healthier, younger, and in remission longer than historical controls.
In addition, studies have different induction CTs, various types and numbers of consoli-
dation therapies prior to transplantation, variable durations of remission prior to trans-
plantation, short follow-up times at time of publication, different stem cell manipula-
tions, and different high-dose myeloablative regimens. Prospective randomized trials
are needed to compare these results to the results of standard-dose CT and allo-SCT.

2.5.2. PHASE III RANDOMIZED TRIALS

Table 2 lists the results of prospective randomized trials that have been completed
in first-remission AML. All trials have compared assignment to allo-BMT for patients
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Table 2
Randomized Trials of ASCT for AML in First Remission
Ref. Treatment No. Tx/Intended EFS % OS (%)
Zittoun et al. (36) ABMT 95/128 48 56
DA 104/126 30 46
Allo BMT 144/168 55 59
Harousseau et al. (37) ABMT 75/86 44 50
IA/RA 71/78 40 54.5
Allo-BMT 73/78 44 52.5
Burnett et al. (38) MidAC/ABMT 126/190 53 57
MidAC 186/191 40 45
Cassileth et al. (39) ABMT (4 HC-purged) 63/116 37 47
HDAC 99/118 35 54
Allo-BMT 105/120 43 46

Tx/Intended, number treated/intended to treat; IA, Idarubicin/ara-C; RA, rubidazone/ara-C; DA, dauon-
rubicin/ara-C; HDAC, high-dose ara-C; MidAC, Mitoxantrone, Mid-dose ara-C

with human leukocyte antigen (HLA)-matched sibling donors to a randomization for
the rest of the group to ASCT vs conventional-dose CT. All trials except the Eastern
Cooperative Oncology Group (ECOG) study used unpurged marrow. Results are all
given by intent-to-treat analysis.

The AML-8 European Organization for the Research and Treatment of Cancer-
GIMEMA trial included 941 eligible and evaluable patients with newly diagnosed
AML: Median age was 33 yr (range 11-59 yr) (36). Patients all received daunorubicin
and ara-C induction therapy (3/7) for 1-2 cycles, and, if they achieved CR, received
one cycle of high-dose ara-C and amsacrine consolidation. Patients with HLA-matched
sibling donors then went on to allo-BMT utilizing Cy/TBI or Bu/Cy(2), and the others
were randomized to either ASCT, with the same myeloablative regimens receiving at
least 1 x 10® nucleated cells/kg without in vitro purging, or to a final course of high-
dose ara-C and daunorubicin consolidation. Sixty-six percent (623) entered CR, with 168
assigned allogeneic transplant (allotransplant), 128 randomized to autologous transplant
(autotransplant), and 126 CT. A number of these patients did not complete assigned
therapy because of such reasons as early relapse, toxic death, nonlethal toxicities, or
refusal of assigned therapy. Ultimately, 144 completed allo transplant, 95 auto transplant,
and 104 CT. The time to initiation of assigned therapy was significantly longer for
allo-BMT and ABMT vs CT (p < 0.001). There was an even distribution of prognostic
factors and patient characteristics, except that all patients assigned allotransplant were
<45 yr of age; nine patients randomized to autotransplant and 10 patients randomized
to CT were between the ages of 46 and 59 yr. The 4-yr RFS estimates were 55, 48,
and 30% for allotransplant, autotransplant, and CT, respectively, with no difference
between allo- and autotransplant, but both transplants were significantly better than CT
(p = 0.05). Likelihood of relapse was highest for CT-treated patients; death in first
remission was highest for allo-BMT patients. Ultimately, the 4-yr OS was not signifi-
cantly different, at 59, 56, and 46%, respectively, suggesting the salvagability of the
CT failures with transplantation in second remission. Time to hematopoietic recovery,
both for neutrophils and platelets, and length of hospitalization were greatest for ASCT,
probably because of the low stem cell numbers infused.
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In the Groupe Ouest Est Leucemies Aigues Myeloblastiques (GOELAM) Trial,
patients with newly diagnosed AML received induction CT with either idarubicin or
rubidazone, with ara-C for 1-2 cycles (37). After achieving remission, patients with
HLA-identical sibling donors could receive a single course of amsacrine and ara-C
prior to allo-BMT utilizing Bu/Cy(4) or Cy/TBI preparative regimens. Patients without
HLA-matched donors went on to a single course of idarubicin or rubidazone and high-
dose ara-C consolidation, then were randomized to ABMT with Bu/Cy, preparative
regimen and infusion of a minimum of 1 x 10® nucleated cells/kg nonpurged stem cells
or to a single course of amsacrine and VP-16 consolidation. Five hundred and four
patients were eligible and evaluable, and 73% (367) achieved CR. Median age was 36
yr (range 15-50 yr), with 88 patients assigned to allo-BMT and 86 patients randomized
to ABMT vs 78 randomized to CT. Only 164/267 patients in CR following induction,
without sibling donors, were randomized. A subset of patients did not receive assigned
therapy, because of early relapse, nonlethal toxicities, or refusal of assigned therapy.
Time to initiation of assigned therapy was least for allo-BMT, and all patients receiving
allo transplant were <40-yr old. Four-yr RFS and OS were 44 and 52.5% for allo-
BMT, 44 and 50% for ABMT, and 40 and 54.5% for CT. These were not significantly
different. Time to hematopoietic recovery was similar for autotransplant and CT, except
for time-to-platelet recovery, which was significantly longer in autotransplant, once
again perhaps related to the low numbers of stem cells infused.

In the Medical Research Council AML 10 Trial (38), newly diagnosed patients with
AML were randomly assigned Daunorubicin, Ara-C, 6-Thioguanine (DAT) or Ara-c,
Daunorubicin, Etoposide (DAE) for 1-2 cycles. Patients entering CR then received
amsacrine, ARA-C, and VP-16, followed by collection of at least 1 x 10° nucleated
cells/kg stem cells. Patients then went on to another consolidation consisting of mitoxan-
trone and high-dose ara-C. Patients with HLA-matched sibling donors went on to allo-
BMT utilizing the Cy/TBI regimen. All others were randomized to autotransplantation
using the same preparative regimen, or to no further therapy. One thousand five hundred
and nine patients (81%) entered CR. Three hundred and seventy-eight were assigned
allo-transplant, but, of the 1131 eligible for randomization, 670 were not randomized,
with 481 going on to no further therapy, and 79 going on to autotransplantation. One
hundred and ninety were randomized to autotransplant, and 191 to no further therapy,
and these groups were well-matched for prognostic factors. Ultimately, 126 went on
to autotransplant, and 186 remained on the observation arm. With the median follow-
up of 4.8 yr, 7-yr RFS and probability of relapse were significantly different in the
two randomized groups, at 53 and 37% for autotransplant, and 40 and 58% for the
observation group, respectively. Although there was no significant difference in OS at
2 yr, a significant benefit for autotransplant emerged beyond 2 yr. Seven-year OS was
57% for autotransplant and 45% for the observation arm (p = 0.2). Again, there was
a significant delay in recovery for the autologous arm, and a median number of 2.18
x 108 nucleated cells/kg were infused.

The ECOG-led North American Intergroup trial (39) enrolled newly diagnosed
patients with AML receiving 1-2 cycles of idarubicin and ara-C (3/7), followed by
intensification with idarubicin and ara-C (2/5). Patients with HLA-compatible siblings
were assigned to allo-BMT; all others in CR were randomized to either high-dose
Ara-C (HDAC) consolidation or ABMT using 4-HC-purged marrow and the Bu/Cy,
preparative regimen. 518/740 patients achieved a CR. 120 patients were assigned to
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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 yr, DFS was not significantly different at 43, 37, and 35%, respectively.
OS was slightly better in the HDCT arm, at 54%, than in either the allo- or autotransplant
arms, at 46 and 47%, respectively (p = 0.05). '

2.5.3. CONCLUSIONS

The adult patient with AML currently has three effective postremission therapies,
including HDAC consolidation, allo-BMT, and ABMT. Four large randomized trials
of these postremission therapies demonstrate no clear survival advantage for any of
the postremission therapies. Current techniques of blood SCT and hematopoietic growth-
factor-stimulated recovery should improve hematopoietic recovery times and decrease
morbidity, but are unlikely to have a major impact on OS. In summary, the benefit of
ABMT over conventional-dose therapy in first remission AML remains unproven by
available randomized studies. The best results, however, have been seen in patients
who undergo autotransplant following intensive consolidation. The lack of clear benefit
of ASCT for first remission AML suggests that phase II trials suffered from a patient
selection bias, or that the incremental benefit was too small to be detected in the
randomized trials. The success of CT consolidation, at least in part, is attributable to
the salvagability of relapsed patients with either allo- or auto-BMT. Randomized studies
are difficult to interpret, because so few patients actually receive their intended treatment.
Investigation into improved pretransplant regimens, posttransplant therapies, and stem-
cell-purging techniques may improve the outcome. The benefits of ABMT, compared
to CT, for patients in second and subsequent remission, appear stronger, and BMT in
this setting should be considered a standard of care. There remains a strong need for
new phase I and II trials investigating novel therapies in this disease.

3. ASCT FOR CHRONIC MYELOID LEUKEMIA

3.1. History

One of the major advances in leukemia therapy has been the use of allo-BMT as a
curative therapy of chronic myeloid leukemia (CML). CML is now the number one
indication for allo-BMT in the world, with greater than 50% of patients long-term
disease-free survivors. By virtue of the increasing utilization of alternative donors, the
majority of patients will find a suitable donor for allotransplantation. In no other disease
is there such clear evidence of the beneficial effect of adoptive immunotherapy or the
graft-versus-leukemia effect. Therefore, patients with suitable donors should be directed
toward allo transplantation. For patients without suitable donors, or who are older than
age 535 yr, interferon o, (IFN-o) can induce prolonged remissions in 10-20% of patients,
although the long-term outcome of these patients remains to be determined. For IFN-
o nonresponders, ASCT has been considered.

The first ASCT for CML was conducted in the early 1980s, and was also the first
use of blood-derived stem cells for transplantation. Patients had chronic-phase stem
cells cryopreserved, and then, at time of blast crisis, received HDCT and reinfusion
of chronic-phase stem cells. Most patients achieved chronic phase, but these remissions
were of brief duration, limited to 6 mo to 1 yr (40,41).
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Table 3

ASCT for CML
Ref. Purge No. Patients CR/PR Graft failure
Carlo-Stella et al(47) Mafosfamide 10 6/1
McGlave et al. (48) IFN-y 44 10/12
Barnett et al. (49) Long-term culture 22 13/3 5
Coutinho et al. (50} Long-term culture 9 4/3 2
DeFabritiis et al. (51) ber-abl antisense 8 2/0 0
Gewirtz et al. (52) c-myb antisense 8 173 1
Reiffers et al. (53) None 49 10/5
Simonsson et al. (54) In vivo 30 13/10
Carella et al. (55) In vivo 30 16/10 0
Verfaillie et al. (56) In vivo 47 4/9 1

3.2. Rationale

SCT for CML is based on the assumption that, co-existing with Philadelphia chromo-
some (Ph')-positive stem cells are residual normal Ph'-negative stem cells, and mye-
loablative therapy with infusion of Ph'-negative cells may ameliorate disease. Laboratory
evidence for this includes: Long-term culture techniques can result in Ph'-negative
colonies identified (42); in vitro colony-forming unit assays show the growth of Ph'-
negative colonies intermixed with Ph'-positive colonies (43); and at presentation, both
Ph!-positive and -negative cells can be identified (44). Clinical evidence for benign
precursors in CML include the observation that IFN-o can induce complete cytogenetic
remission in 10-20% of patients (45), and patients in chronic phase or blast crisis,
treated with intensive CT regimens, can induce transient Ph'-negative status (46).

Even if eradication of Ph'-positive cells is not possible, reduction of such cells may
improve survival by a number of mechanisms, including: The BCR-ABL protein may
be responsible in part for the evolution of chronic phase to blast crisis, so decreased
Ph!-positive cells, and therefore the production of p210, may be useful for delaying
blast crisis; Ph'-negative cells may also have a growth advantage over the Ph'-positive
cells, and SCT may set the clock back in the natural history of an individual’s disease.
Based on these assumptions, clinical trials have been initiated utilizing SCT for CML.

3.3. Phase I and Phase I1I Trials

The field of ASCT for CML is far less advanced than for AML. Most clinical
information is derived from small phase I and phase II trials, usually enrolling <50
patients. Most trials included patients in chronic phase or in early accelerated phase,
because of the poor results of early studies with blast crisis. Table 3 shows the results
of ASCT in chronic-phase CML, using either unpurged or purged stem cell techniques.
Partial cytogenetic responses can be achieved after transplant with unselected stem
cells, with generally rapid hematopoietic engraftment and low toxicity, but no clear
survival advantage, compared to historical controls. Numerous techniques have been
utilized in an attempt to decrease the contamination of Ph'-positive cells in the stem
cell product. Mafosfamide and 4-HC have been utilized in a number of studies with
early Ph'-negative engraftment, but virtually all ultimately have progressed (47,57).
Interferon-y (IFN-y) has been used as a purging agent, but has demonstrated a significant
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stem cell toxicity, to the extent that many patients have required nonpurged backup
marrow to reestablish hematopoietic engraftment, and, again, virtually all patients have
progressed (48). Bamnett et al. (49) treated a series of patients with ex vivo cultured
marrow. This study illustrates the potential selection bias of these trials. Eighty-seven
patients were enrolled, but only 36 patients collected enough Ph!-negative cells after
ex vivo culturing techniques, to consider transplantation. Of these patients, 22 underwent
SCT, and 13/16 evaluable patients were Ph'-negative when first assayed. The majority
of these patients had a rapid relapse.

CML stem cells have been one of the first targets for antisense oligodeoxynucleotides
(AS-ODN) in the treatment of cancer. These short sequences of DNA, which are the
reverse complement of the mRNA encoded by the gene to be disrupted, may lead to
specific inhibition of growth of the targeted cells. In CML, bcr-abl-RNA has been
targeted because of laboratory studies that showed inhibition of cell proliferation and
restored susceptibility to apoptosis of cells when exposed to ber-abl AS-ODN in vitro
(50,59). Initial clinical trials, however, incubating accelerated-phase BM with anti-bcr-
abl AS-ODN, showed little suggestion of therapeutic effects (51).

Gewirtz et al. (52,60) has been investigating AS-ODNSs to the c-myb proto-oncogene
which is essential for hematopoiesis, and there appears to be a differential effect in
vitro on susceptibility to c-myb AS-ODN of malignant and normal HSC. Using a 24-
h incubation with c-myb antisense, 7/8 patients in chronic-phase CML demonstrated
rapid engraftment, with 4/6 evaluable patients demonstrating major cytogenetic
response, but most patients experienced rapid progression of disease. With a 72-h
purge, 5/5 patients experienced poor engraftment, and required backup unpurged mar-
row. Studies with a 48-h purge are currently underway.

Perhaps a more promising approach than in vitro purging is the utilization of standard
dose CT and/or IFN-a to in-vivo-purge patients to Ph!-negativity, and then conduct
transplant utilizing in-vivo-purged stem cells. Korbling et al. (61) first reported this
approach when a patient with chronic-phase CML, who had been induced into cytoge-
netic remission, was transplanted and recovered with Ph'-negative hematopoiesis. A
number of trials utilizing this philosophy have ensued. The Swedish—Danish group has
reported its results in over 200 patients with CML treated between September 1989
and October 1997 (54). 118 patients were found to have HLA-compatible siblings or
unrelated donors, and went on to allo transplant; the remaining 135 patients were treated
with IFN-a. If they became Ph'-negative, BM and/or stem cell harvest was done. If
they remained Ph'-positive following a 6-mo trial of IFN, they received up to three
different cycles of induction CT. Patients were tested for response after each cycle,
and underwent harvest and transplant, if they achieved Ph'-negativity. Forty-six
patients ultimately underwent autotransplant, three following IFN alone, 21 requiring
one cycle of induction CT, 15 requiring two inductions, and seven requiring all
three inductions.

Carella et al. (55) has reported their experience with the idarubicin, ara-C, VP-16
(ICE) induction regimen, which induced up to 60% of early chronic-phase patients to
Ph'-negativity, followed by consolidation with SCT. Of nearly 200 patients who received
induction, 30 patients were autografted. All engrafted, of which 53% engrafted with
Ph'-negative BM. This and similar trials have demonstrated that a substantial number
of patients do mobilize Ph'-negative cells, and that these cells tend to readily engraft,
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with low treatment-related mortality. However, follow-up is short, and patients in
remission >2-yr are few.

3.4. Long-term Results of ASCT for CML

McGlave (62) registered 200 consecutive CML patients undergoing ASCT in North
America. The median follow-up was 42 mo, with a range of 9-91 mo, and patients
who are transplanted in chronic phase had not reached their median survival. Median
survival of patients with accelerated phase was 35.9 mo, and, in blast crisis, 4.1 mo.
Currently, an international randomized trial comparing ASCT with unpurged stem cells
to prolonged IFN-o therapy is ongoing: Trials similar to this will be necessary to
determine the ultimate efficacy of this approach.

3.5. Conclusions

Clinical and laboratory studies in CML suggest Ph'-negative stem cells are collectable
in CML, and HDCT and SCT can be achieved with reliable engraftment and low
mortality. The clinical benefit of this procedure, however, remains unknown, and will
require randomized clinical trials; however, pilot studies are encouraging. Currently,
the optimal preparative regimen and stem cell manipulation and postremission therapies
remain to be determined. Patients with HLA-matched donors should proceed to allo-
transplant, and the majority of patients without donors should receive a trial of IFN-
o, with the consideration of autologous stem cell harvesting early in the treatment
course, should they become Ph!-negative.

4. SCT FOR ACUTE LYMPHOBLASTIC LEUKEMIA

4.1. Rationale

Acute lymphoblastic leukemia (ALL) is an uncommon disease of adults. It is very
responsive to CT, and the vast majority will enter remission, but relapse is common,
and long-term survival is limited to approx 20—-30% of patients. Poor prognostic factors
include very young or older age, high WBC count at time of diagnosis, and the presence
of the Ph'. Unlike allo-BMT for myeloid malignancies, there is limited evidence of a
beneficial graft-vs-leukemia effect in ALL. The chance for long-term RFS after relapse
without transplant, is very limited. ASCT, therefore, has been investigated for the
treatment of ALL, because of the responsiveness of ALL to CT, and the possibility of
eradicating autologous stem cells of residual disease.

4.2. In Vitro Purging of Stem Cells

mAD purging of HSCs cells has been most extensively studied in ALL, particularly
because of the well-known antigens that characterize the disease, and the ability to
raise mAbs against these antigens. mAbs against CD9, CD10, CD19, and CD20 have
been most commonly used in B-cell ALL, and anti-CDS5, and anti-CD7 for T-cell ALL.
Similar antibodies have been combined with immunotoxins or magnetic beads, in an
attempt to purge marrow. 4-HC has also been used as a purging agent. In vitro laboratory
studies demonstrate significant reduction in contaminating tumor cells, but, as with
other purging techniques, there has not been clinical evidence to demonstrate the efficacy
of this procedure. Most recently, CD34 selection columns have been used to positively
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select pluripotent HSCs and to passively purge contaminating leukemia cells. The
limited degree of selection of these devices, and the possibility of CD34 expression
on leukemic blasts, make this approach less promising. In vivo purging with mobilization
CT prior to blood stem cell collection is also under investigation in ALL.

4.3. High-dose Regimens

Common regimens for ALL include TBI and cytoxan, with or without the addition
of VP-16. 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, and, generally, patients have experienced
rapid engraftment.

4.4. Phase II Trials

Numerous small phase II trials have been conducted of ABMT for ALL in first CR
or in second remission, or with refractory disease. OS has generally ranged between
5 and 20%, for relapsed leukemia, and 2-yr 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 varying pretransplant regimens and prognostic
factors of the patients.

4.5. Phase III Trials

Few well-controlled trials compare ASCT to either conventional-dose CT or allo-
transplantation in ALL. One prospective trial of high-risk or refractory ALL at the
University of Minnesota included 91 patients: 46 underwent transplantation with a
matched unrelated donor (MUD), and 45 underwent ASCT using the Cy/TB1 regimen
(63). Ultimately, there was no difference in 4-yr OS, with 31% alive after MUD
transplant, and 23% alive after autotransplant. Relapse was substantially higher after
autotransplant, at 79, vs 9% after MUD transplant.

For first remission patients, one prospective randomized trial (64) randomly assigned
patients to ABMT vs CT, with no difference in outcome between the two therapies.
In a nonrandomized prospective trial of ALL in the first remission, patients were
assigned HLA-matched sibling donor allotransplant vs autotransplant. Forty-three
patients underwent allotransplant and 77 autotransplant. Three-yr-DFS was 68% for
allotransplant, and 26% for autotransplant, but there was no difference in OS. The two
groups were well-matched for prognostic factors. Currently, a national trial of adult
ALL is underway. Patients all receive Daunorubicin, Vincristine, Prednisone (DVP)-
L-asparaginase induction CT, followed by consolidation therapy. Patients with HLA-
identical donors are assigned allotransplant, and the others are randomly assigned long-
term maintenance CT vs an ASCT utilizing the TBI/VP-16 regimen, with unmanipulated
SCT. This trial is already the largest one of its kind, with a large group of Ph!-positive
patients, and should add substantially to our understanding of treatment options for ALL.

4.6. Conclusions

A small number of patients with relapsed ALL appeared to be salvaged with ASCT.
The benefit of either allo- or auto-SCT, compared to conventional-dose CT in first
remission, remains to be determined. Patients should be enrolled on randomized clinical
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Table 4
ASCT for CLL
oS
# Patients Purge CR/nCR/PR SES (from diagnosis)
Khouri et al. (66) 11 Anti-CD19 6/4/1 4-29 mo 54.4 mo
Rabinowe et al. (67) 12 Anti-CD5 10/0/0 2-31 mo 36 mo

nCR, nodular CR.

trials. Off-study transplantation should be reserved for patients with poor prognostic
factors in first remission, or patients in second or subsequent remission.

5. SCT FOR CHRONIC LYMPHOCYTIC LEUKEMIA

5.1. Rationale

The use of BMT for chronic lymphocytic leukemia (CLL) is the least well studied,
and the most recent leukemia to have SCT applied. The long natural history of CLL,
the older age at diagnosis, and the unclear efficacy of this procedure, and other leukemias,
led to this delay. The first allo-BMT, for CLL were conducted in the late 1980s. The
largest report of allo-BMT for CLL is from the European Bone Marrow Transplant
Registry (65). Fifty-four patients, with a median age of 42 yr, underwent HLA-identical
sibling transplants. With a median of 27-mo follow-up, 44% of patients remain alive,
with a median time from diagnosis of 40 mo.

5.2. Phase I and Phase II Trials

With more effective combinations of therapy for CLL, including fludarabine in
combination with Cy, the likelihood of inducing excellent partial remissions and CRs
has improved the likelihood of a less-contaminated stem cell source. Less than 50
patients undergoing ABMT for CLL have been reported in the literature. Two small
series are shown in Table 4. Twenty-three patients at MD Anderson and Dana-Farber
Cancer Institute have undergone SCT utilizing anti-CD5 and anti-CD19 mAb-purged
stem cells. The majority of patients were transplanted with residual disease, and received
TBI and cytoxan-preparative regimen. Most patients experienced progressive disease,
or had residual disease soon after transplantation.

5.3. Conclusion

The use of either allo-SCT or ASCT for CLL remains in a early investigative
stage. Extrapolation from results in low-grade lymphoma and myeloma suggests that
a progressive-free survival advantage might be obtained by dose-intensive therapy,
though this remains to be determined. Transplantation must be applied very carefully
to patients with CLL, who have a chronic disease with a prolonged and natural history
that may be cut short by the toxicities of transplantation. Further innovative clinical
trials are obviously required to define the role of this modality in this disease.

6. SUMMARY

High-dose CT/radiotherapy and ASCT has been utilized for thousand of patients
with leukemia, and many patients are long-term, relapse-free. Patients with relapsed
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AML and ALL appear to have the greatest documented benefit, though, even in this
setting, the vast majority of those patients will relapse and ultimately succumb to their
disease. A number of randomized trials in AML have failed to demonstrate a clear
benefit to autotransplant in first remission, and trials remain ongoing for first remission
ALL and chronic-phase CML. Pending the results of these trials, the predominant use
of ASCT should be within the context of well-designed clinical trials. The same is
even more true for CLL, in which the utilization of this technique remains to be justified.

The review of the data suggests that the presumed barriers to the effectiveness of
ASCT in primary BM disease may still hold. The inherent resistance of residual leukemia
cells present after conventional-dose CT, the likely contamination of stem cell grafts
for tumor cells, and the lack of documented additional, meaningful, augmentation of
antitumor immune mechanisms remain to be overcome. Though much progress has
been made, there is much to learn before mastering human leukemia. Nonetheless, as
procedure-related toxicities are decreased, and techniques improve for reducing relapse
and stem cell contamination, ASCT is likely to remain an important modality in
leukemia therapy.
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1. INTRODUCTION

The majority of patients with Hodgkin’s disease (HD) can be cured with radiation
therapy (RT) and/or combination chemotherapy (CT). However, patients who relapse
after attaining a complete remission (CR) from CT, and those who fail to achieve a
complete response with CT (primary refractory disease), have a poor outcome using
conventional-dose second-line or salvage regimens (/—3). Over the past 15 yr, numerous
clinical trials using high-dose chemotherapy (HDCT), or chemoradiotherapy, with
autologous stem cell transplantation (ASCT) have been reported, and 30-50% of patients
appear to be cured using this approach. These results compare favorably with historical
data using conventional second-line chemoradiotherapy, and, currently, ASCT is the

salvage treatment of choice for many patients with relapsed and primary refractory
HD (4-7).
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Two prospective randomized studies have examined the efficacy of high-dose therapy
(HDT) in patients with CT refractory and relapsed HD. These studies were performed
by the British National Lymphoma Investigation (8) and the German HD Study Group
(HD-R1 study) (9), and compared mini-BCNU/etoposide/cytosine arabinoside/melpha-
lan (BEAM), or Dexa-BEAM, respectively, in the standard-dose second-line CT arm,
to that of 1-2 cycles of mini-BEAM or dexa-BEAM followed by the high-dose BEAM
CT regimen, given with autologous bone marrow (BM) or peripheral blood progenitor
cell (PBPC) support. Both studies showed statistically significant improvement in event-
free survival (EPS) and progression-free survival differences for the patients treated
on the HDT arms, but neither study showed an overall survival (OS) advantage for
patients treated on the high-dose arm.

Historical data presented in April 1998 at the Fourth International Symposium on HD
in Cologne, Germany, from both the European (EBMT) and the American bone marrow
transplant (ABMT) registries, demonstrated a 10~15% improvement in survival for HD
patients undergoing HDT and ASCT, compared to prior transplant data, which reflected
a decrease in transplant-related morbidity, rather than a decreased rate of relapse.

Although HDT and ASCT for patients with HD is safe and efficacious, it is important
to determine whether all patients with relapsed HD should be transplanted, RT can be
given safely as part of an ASCT conditioning regimen, all patients eligible for HDT
and ASCT have a similar prognosis, HDT should be offered to poor-prognosis HD
patients as part of their initial therapy, and double transplants should be given to
relapsed/refractory patients with poor prognostic features.

2. SHOULD ALL PATIENTS WITH RELAPSED AND
REFRACTORY HD RECEIVE HDT AND ASCT?

Although standard-dose second-line-CT for patients with relapsed or refractory HD
can achieve a high response rate, the long-term results of this approach are not encourag-
ing. Long-term disease-free survival (DFS) for patients with relapsed disease that was
originally treated with mustard, vincristine, procarbazine, prednisone (MOPP) is poor
with standard-dose second-line CT, especially for patients whose initial remission lasted
less than 1 yr. However, even in the better prognosis group, the results were suboptimal,
with a 10-yr DFS of only 24%. The EBMT analyzed data from 139 patients with HD
transplanted in first relapse, to determine OS and progression-free survival. In this
study, patients who had an initial remission duration of >1 yr (n = 57) had a 5-yr
survival rate equivalent to that of patients whose initial remission was <1 yr (n = 63),
49 vs 44% (10). The authors’ institution previously reported data on 146 patients who
received high-dose chemoradiotherapy and ABMT from 1985 to 1993, and, using
multivariate analysis, found that only a poor response to the standard-dose second CT,
and mixed cellularity histology, adversely affected EFS and OS (11). The duration of
initial remission was not a prognostic factor; therefore, it is unclear that the length of
the first CR should be used to decide who should undergo ASCT (11).

A comparison of conventional-dose second-line CT to HDT with ASCT was recently
reported by Yuen et al. (12). Sixty patients with relapsed or refractory disease, treated
with nonstandardized cytoreductive CT, followed by ASCT using either cyclophospha-
mide (Cy), carmustine, and etoposide (CBV) or total body irradiation (TBI), Cy, and
etoposide, were compared to 103 patients treated, before the advent of ASCT, with
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conventional-dose second-line CT. Four-yr EFS and freedom from progression was
superior for the patients who received HDT (53 vs 27% and 62 vs 32%, respectively);
however, OS was similar (54 vs 47%). In this historical comparison, the application
of peripheral blood progenitor cell transplantation (PBPCT) was not uniform, and many
patients were not in a state of minimal disease at the time of ASCT. This could account
for a lack of an OS difference.

The outcome of PBPCT vs ABMT has been compared in patients with relapsed HD,
and, although there is no difference in OS, PBPCT is overwhelmingly the approach
of choice today, because of the improved toxicity profile seen when PBPCs are used
as the stem cell source (13). In HD patients who are transplanted in second or greater
relapse, PBPC collections are commonly suboptimal, because patients either have been
heavily pretreated or have received nitrogen mustard and/or procarbazine. We have
shown that poorer mobilization of progenitor cells occurs in patients who have received
stem-cell-toxic CT, including nitrogen mustard, procarbazine, melphalan, BCNU, or
>7.5 g cytarabine CT premobilization, or 211 cycles of any previous CT (14). BM
harvests can also be inadequate in heavily pretreated patients, making the ASCT
impossible.

With modern supportive care, which includes hematopoietic growth factor support,
appropriate blood and platelet transfusions, and newer antibiotics and antifungal agents,
nearly 95% of patients will survive an ASCT. Therefore, the authors recommend that
all patients who relapse, after receiving a standard CT regimen for HD, have primary
refractory HD, or who have multiple-relapsed HD, be offered a program that includes a
short course of non-stem-cell-toxic cytoreductive therapy, to determine chemosensitivity
and mobilize PBPCs, followed by high-dose chemoradiotherapy and ASCT. Transplan-
tation of HD patients with chemorefractory disease is, and should be, the subject of
ongoing clinical trials.

3. CAN RT BE GIVEN SAFELY AS PART OF
AN ASCT CONDITIONING REGIMEN?

No prospective trials have compared the efficacy of the different transplant-condition-
ing regimens commonly used in patients with HD (or non-Hodgkin’s lymphoma, for
that matter). The most commonly used transplant-conditioning regimen in the United
States is CBV (4); the BEAM regimen is most commonly used in Europe, yielding
results similar to those obtained with CBV (5). The CR rates seen with these regimens
range from 46 to 59%, with projected 3—4-yr survivals of 26-45% (15-17). Transplant-
related mortality in these studies has ranged between 4 and 11%. Dose escalation of
either CBV or BEAM regimens leads to severe nonhematological toxicity (18,19),
leading investigators to add thiotepa, mitoxantrone, or cisplatin to the CBV regimen.
Generally, these attempts have led to an increase in morbidity, without a demonstrable
increase in long-term survival (20).

Ionizing RT is the most effective single agent for the treatment for HD, yet approx
one-half of HD patients undergoing ASCT have never been treated with RT (21-23),
because of the increasing use of CT in early-stage HD, and the trend toward eliminating
consolidative RT in advanced-stage disease. Also, patients who fail to attain a CR to
CT usually proceed directly to second-line therapy, even if RT was originally planned
as part of an initial combined modality program. Relapse of HD after HDCT tends to
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occur at sites of initial disease involvement (24-27), and this predictability suggests
that preemptive RT may decrease the relapse rate post-ASCT.

A number of retrospective series have addressed the pre- or posttransplant use of
involved-field RT (IFRT) to areas of significant disease. Chopra et al. (28) used IFRT
in 45 of 155 patients undergoing HDCT and ASCT. Forty-one patients received RT,
because they had not achieved a CR; four patients received RT, because of bulky
disease. Local control was attained in 90% of patients. Other programs have used IFRT
for similar indications (29,30), but, as a result of selection bias, no attempt was made
to separately analyze the outcome of patients receiving RT. For example, Mundt et al.
(31) selected patients who had adverse prognostic features, such as bulky or symptomatic
disease, to receive IFRT prior to bone marrow transplantation (BMT); patients who
did not attain a CR were irradiated posttransplant. Patients who received IFRT for
persistent disease posttransplant had greater progression-free survival (40 vs 12%; p =
0.04) than those who did not. Moreover, patients who converted from a partial response
(PR) to a CR by the addition of IFRT had a progression-free survival similar to those
patients who achieved a CR with HDCT alone.

Early attempts to integrate larger-field RT into the transplant-conditioning regimen
used low-dose TBI, but for small numbers of patients (3/—33). Concerns about additive
toxicities, especially in previously irradiated patients, tended to discourage evaluation
of this combined modality approach; however, investigators at the City of Hope (34,35)
treated 70 patients, who had never received RT, with HDCT and fractionated TBI *
boost RT to bulky sites of disease. The majority of patients had stage IV disease or
B symptoms at diagnosis, and 49% of patients had extranodal disease at relapse. The
DFS for this poor-prognosis group of patients was 76%, with the last relapse occurring
10 mo post-ASCT (36). These results compare favorably to trials using HDCT alone
for similar patients.

We have utilized total lymphoid irradiation (TLI), instead of TBI, as part of the
transplant-conditioning regimen (11,37,38) for patients who have not been previously
irradiated. Because relapses after either standard-dose initial CT (25,26), or HDCT and
ASCT occur in nodal sites initially involved with disease (32,39,40), the authors have
also given boost-RT pretransplant to sites of bulky disease, or disease that remains
postsalvage CT. The use of an accelerated RT schedule has permitted the delivery of
TLI and boost-radiation to all commonly involved nodal sites, within a short period
of time, prior to ASCT, thus decreasing the risk of tumor-spread during RT, and
minimizing the period of marrow aplasia prior to engraftment (4]). In earlier experience,
we administered TLI, 1800 cGy, within 5 d, and added boost-radiation to bulky sites,
prior to TLI, so that the dose of RT to these high-risk sites was 3600 cGy. The RT
was then followed by HDCT and BM infusion. Eight of 47 patients treated in this
manner died of toxicity during the peritransplant period, although 29/39 evaluable
patients (74%) attained a CR, and 25 patients (53%) are currently free of disease, with
a median follow-up of 9 yr (42). Our current program, using mobilized PBPCs as the
source of progenitor cells, rather than BM, uniform second-line CT for cytoreduction,
and a slight modification in the transplant conditioning regimen, has decreased the
toxic mortality from 17 to 3% (43). Randomized studies need to be conducted, to
determine whether integrating RT, as TLI and/or boost-RT, into a transplant-condition-
ing regimen can improve long-term event-free survival (EFS) for patients with relapsed
and refractory HD.
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4. DO ALL PATIENTS HAVE THE SAME PROGNOSIS
WITH HDT AND ASCT?

Data from multiple studies have shown that HDT, followed by ASCT, can cure
patients with chemosensitive, relapsed and refractory HD, with EFS ranging from
30-60%. The 10-15% improvement in survival, which has occurred over the past 5
yr appears to be related primarily to better supportive care, the use of mobilized PBPCs
as the stem cell source, and possibly changes in patient selection. Response to salvage
or second-line CT (i.e., the presence of chemosensitive disease) (28-30) has been used
as the major selection criteria for proceeding to ASCT, but other prognostic factors
may also predict for long-term EFS in these patients. Several reports have described
prognostic factors, identifiable prior to the transplant or the presalvage therapy, which
predict for a poor outcome with this approach.

In a series of 128 patients treated with CBV, and reported by Bierman et al. (44),
a poor performance status, having failed 22 CT regimens, and presence of mediastinal
disease, were associated with a poor failure-free survival (FFS). The 4-yr FFS for
patients who failed >2 regimens was only 10 vs 31% in patients that failed <2 prior
regimens. Only a poor performance status was predictive of survival in patients treated
with <2 regimens. A study from the City of Hope, similarly identified >2 prior CT
regimens (relative risk 2.5), prior radiation (relative risk 2.1), and extranodal disease
at the time of ASCT (relative risk 1.8) to be associated with a poor survival following
autotransplantation using CBV or TBI, Cy, and etoposide (36). A study from Stanford,
of 119 patients with relapsed and refractory HD, who received TBI, Cy, and etoposide,
or CBYV, identified B symptoms at relapse, BM or pulmonary involvement with HD,
and >2 cm involvement of HD, at the time of ASCT, as poor prognostic factors. Patients
with none of these factors had a 4-yr EFS of 85%, compared to 41% in patients with
any one factor (45).

The authors analyzed data from 144 patients with HD at Memorial Sloan-Kettering
Cancer Center, treated from 1985 to 1993 with TLI, etoposide and Cy, or CBV and
ABMT: A poor response to standard-dose second-line CT and mixed cellularity histol-
ogy predicted for an unfavorable outcome (42). However, analysis of our more recent
intent-to-treat study, in which all patients received two cycles of ifosfamide, carboplatin,
and etoposide (ICE), for cytoreduction prior to PBPC mobilization (and only patients
with chemosensitivity subsequently received HDT), identified two pre-ICE CT factors
that predicted for EFS: B symptoms, and extranodal disease. Patients with neither
adverse factor had an EFS of 83%; patients with a single risk factor had an EFS of
59%, and patients with both factors had an EFS of only 12% (43). Thus, prognostic
factors, other than chemosensitivity, shown to predict for a poor outcome posttransplant
in multiple studies, include heavy pretreatment, presence of B symptoms, poor perfor-
mance status, and presence of extranodal disease.

5. SHOULD UPFRONT HDT BE OFFERED TO POOR PROGNOSIS
PATIENTS AS PART OF THEIR INITIAL THERAPY?

The international prognostic index for intermediate grade non-Hodgkin’s lymphoma
can be used to separate patients into four distinct prognostic groups. Four-yr EFS rates
are 80, 55, 42, and 23%, depending on the number of prognostic factors a given patient
has (46). Whether upfront HDT and ASCT for patients with NHL and three or more
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poor prognostic factors will improve survival is an area of active clinical investigation.
A randomized trial of methotrexate, adriamycin, cyclophosphoramide, vincristine, pred-
nisone, bliomycin (MACOP)-B CT vs sequential HDCT with stem cell support, showed
‘a trend toward a survival advantage for the transplanted poor-prognosis patients (47).

A prognostic score for advanced-stage HD was recently published, based on 5141
patients treated with combination CT with or without RT. Using freedom from progres-
sion (FFP) as the end point, a prognostic score was calculated, based on the number
of adverse prognostic factors present at diagnosis. Seven factors had an independent
effect: serum albumin <4 g/dL, hemoglobin <10.5 g/dL, male sex, age >45 yr, stage
IV disease, WBC >15,000/uL, and lymphopenia <600 pL. FFP ranged from 80% for
patients with 0-2 factors, to 55% for patients with three factors, to 40-50% for patients
with >3 factors (48). Whether upfront HDT and ASCT, for patients with three or more
poor prognostic factors, will improve FFP is the subject of numerous clinical trials.

An alternative to upfront ASCT in HD is the use of more intensive initial therapy,
and, since 1992, two new combined modality treatment programs for advanced-stage
HD have been reported. The Stanford V regimen (49), a 12-wk regimen that maintains
the dose intensity of the most active agents, yet shortens the duration of therapy, has
generated promising results, and may reduce the cumulative toxicity of the alkylating
agents that are given. Stanford V CT was followed by RT to all initial sites of disease
>5 cm. The actuarial 3-yr FFS for patients was 87%. The authors have treated 50
patients with this treatment program, and 47 patients are failure-free at a median follow-
up of 21 mo (50). A second new treatment program is (BEACOPP), and its variant,
escalated BEACOPP, which are dose-escalated versions of COPP/ABVD (cyclophos-
phamide, vincristine, procarbazine, prednisone/adriamycin, bleomycin, vinblastine,
dacrabazine). A three-arm randomized trial comparing COPP/ABVD, vs BEACOPP,
vs escalated BEACOPP was conducted by the German Hodgkin’s disease study group
(51). The BEACOPP regimen is a shorter and more intense regimen than COPP/ABVD,
and the escalated version of BEACOPP is more intense than BEACOPP, and is given
with granulocyte colony-stimulating factor support. At a median follow-up of 23 mo,
the freedom from treatment failure, for patients receiving either of the BEACOPP
treatment arms, is 84%, which is similar to the results obtained with the Stanford V
regimen. These newer regimens need to be compared prospectively to ABVD, which
is the standard CT treatment for HD in much of the world (52). Nonetheless, the
apparent success of these regimens makes it unlikely that upfront HDT for advanced-
stage HD will benefit more than a rare patient with HD.

6. IS THERE RATIONALE FOR PERFORMING DOUBLE
TRANSPLANTS IN PATIENTS WITH HD?

Several prognostic factors predict for a poor outcome following HDT and ASCT,
but it is currently unclear whether such poor prognosis patients can be cured using the
autotransplant approach. One published report addresses the use of double autotrans-
plants in patients with HD. Ahmed et al. (53) evaluated the efficacy of performing a
second transplant, with a different conditioning regimen, for patients with refractory
HD who had neither disease progression nor excessive toxicity associated with the
first. Of 83 patients with refractory disease, 14 died during the first peritransplant
period; 23 had progressive disease after the first ASCT. Thirty-eight patients achieved
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a CR or PR with the first ASCT, but only 11 of the 19 patients who achieved a PR
to the first ASCT agreed to undergo a second transplant. Thus, the question of whether
double ASCT is effective in patients with HD cannot be answered by this data. We
have identified patients with B symptoms and extranodal disease prior to second-line
therapy as having a very poor outcome with a single ASCT (12% EFS), and thus have
decided to investigate the role of double ASCT only in these poor-prognostic patients.

7. CONCLUSIONS

Despite advances in the management of HD, up to 40% of patients with advanced-
stage disease, and 20% of patients with early-stage disease, will relapse or have primary
refractory disease. The data suggests that, independent of the initial remission duration,
HDT and ASCT provides a longer EFS, compared to standard-dose CT or RT
approaches, and should be recommended. The use of RT as part of the transplant-
conditioning regimen, either as boost-radiation to bulky sites of disease or as TLI
or TBI, may provide real benefit, compared to CT-only regimens. All patients with
chemosensitive disease do not have the same prognosis when treated with HDT, and
treatments for poor-prognosis patients should be evaluated as part of a clinical trial.
More effective first-line standard-dose chemoradiotherapy regimens are being evaluated,
which may make the role of upfront HDT for HD patients of little importance. The
results of randomized, autotransplant trials may provide firmer evidence to support
current practice guidelines.
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1. INTRODUCTION

Mantle cell lymphoma (MCL) is a unique subtype of non-Hodgkin’s lymphoma
(NHL). In the past, this lymphoma was classified (or misclassified) as diffuse small-
cleaved-cell lymphoma or follicular small-cleaved-cell lymphoma, in the International
Working Formulation (/-3); as centrocytic lymphoma, in the Kiel classification (4);
as lymphocytic lymphoma of intermediate differentiation (5); as intermediate cell
lymphoma (5); or as mantle zone lymphoma (6). The term “mantle cell lymphoma” was
proposed in 1992 (7) and was defined by the Revised European-American Lymphoma
Classification in 1994 (8). MCL has a distinct morphology, histology, and immunophe-
notype (CD5*, CD19*, CD20*, CD10-, CD23"), which are now widely accepted, and
increasingly recognized. This lymphoma and subset of patients is more specifically
defined by a distinct translocation, t(11;14)(q13;32), which results in the rearrangement
of the bcl-1 locus, and overexpression of cyclin D1 protein.
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Table 1
Failure-free Survival (FFS) and Overall Survival (OS) Among 83 Patients
with MCL According to the International Prognostic Index (IPI) (9)

IPI Median FFS (yr) Median OS (yr)
Total (n = 83) ~1.1 ~2.8
Oorl (n=19) ~2 ~5

2 or 3 (n = 45) ~1 ~3
4or5(n=19) ~0.5 ~1.5

MCL accounts for approx 6—11% of patients with NHL (1-3,9). In a review of 13
small studies (10) involving 575 patients with MCL, the median age at diagnosis was
58 yr. Bone marrow (BM) involvement was reported in 53-93% of patients, and
lymphocytosis was reported in 10-69% of patients. In a more recent analysis of another
83 MCL patients (9), 80% had advanced-stage disease and 79% had a Karnofsky
score 280%.

In 12 trials with conventional chemotherapy (CT), the overall response rate was
84%, but only 46% achieved a complete remission (CR) (10). The median progression-
free survival (PFS) was 20 mo, and the median overall survival (OS) was 36 mo. A
comparison of two European Organization for the Research and Treatment of Cancer
trials suggested that doxorubicin (Dox)-based CT regimens offer no significant survival
advantage, compared to non-Dox-based CT regimens (2). Only one prospective, random-
ized study compared a Dox-based to a non-Dox-based CT regimen (/). In this trial,
63 patients with centrocytic lymphoma (in the Kiel classification) were randomized to
receive either cyclophosphamide (Cy), vincristine, and prednisone (COP) or Cy, Dox,
vincristine, and prednisone (CHOP) CT. The COP vs CHOP overall response rate (84
vs 88%), CR rate (41 vs 58%), median relapse-free survival (10 vs 7 mo), and the
median OS (32 vs 37 mo) were not significantly different. These studies provide no
evidence that patients with MCL are cured with conventional CT. In fact, very few
patients remain alive 10 yr after diagnosis ().

Investigators have evaluated many potential prognostic characteristics. Among MCL
patients treated with conventional CT, older age, male sex, poor performance status,
B symptoms, splenomegaly, anemia, elevated lactate dehydrogenase (LDH), bulky
disease, advanced stage, extranodal sites, marrow and/or blood involvement, elevated
B,-microglobulin, failure to achieve CR, blastoid variant, high mitotic index, and p53
mutations have all been reported to predict a worse outcome in patients treated with
conventional CT (10). In one large retrospective series, the International Prognostic
Index (IPI) predicted both failure-free survival (FFS) and OS (Table 1; 9).

Because of their relatively young age (most are less than 60 yr) and good performance
status, yet dismal prognosis with conventional CT, these MCL patients are potentially
excellent candidates for high-dose therapy (HDT) with hematopoietic stem cell trans-
plantation (HSCT). Undoubtedly, patients with MCL have been included in early
transplant series, but were simply not recognized, or not reported as a distinct group.
With the evolution of specific diagnostic criteria and the recognition of these patients,
the results from several transplant series are now available.
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2. AN OVERVIEW OF TRANSPLANTATION
FOR MANTLE CELL LYMPHOMA

A review of the literature identified 16 series with five or more MCL patients
who received HDT with HSCT. In addition, this report includes another 11 patients
transplanted at the Cleveland Clinic Foundation, for a total of nearly 300 patients
(Table 2). Approximately 40% of patients were transplanted in first CR or partial
remission (PR); 60% of patients were transplanted after they failed to respond to, or
progressed, following initial therapy. The majority received a myeloablative regimen
that contained total body irradiation (TBI). Almost 90% of patients received autologous
HSCT. Among this group, approx 20% received autologous bone marrow transplanta-
tion (ABMT), and the rest received autologous blood stem cell transplantation
(ABSCT). The transplant-related mortality was generally very low; eight series reported
no transplant-related fatalities. The disease-free survival (DFS) (event-free [EFS],
failure-free, or progression-free) and OSs ranged from 12 to 100% and 23 to
100%, respectively.

3. AUTOLOGOUS TRANSPLANTATION

In 1995, Stewart et al. (12) from the University of Nebraska published the first series
of MCL patients to receive HDT with autologous HSCT. Nine patients with relapsed
MCL received one of four different high-dose regimens. Two patients received ABMT,
and seven patients (with unsuitable BM) received ABSCT. Only three of 12 patients
remained in remission at 7, 12, and 25 mo posttransplant. The 2-yr FFS and OS were
both 34%.

The following year, Haas et al. (13), from Germany, reported 13 patients with
advanced-stage MCL, who received HDT with ABSCT. One patient was in first CR,
and eight patients were in first PR. Seven patients had BM involvement at the time of
stem cell mobilization with CT and granulocyte colony-stimulating factor (G-CSF).
Twelve patients received TBI and Cy. One patient died of interstitial pneumonitis 17
d posttransplant. Two patients, who were transplanted in second remission, relapsed
10 and 11 mo posttransplant, respectively. Ten patients (including all nine patients
transplanted in first remission) were alive and in remission, with a median follow-up
of 18 (range 10-47) mo. The Kaplan-Meier estimate of DFS and OS was 76 and
92%, respectively.

3.1. Prognostic Factors

Several studies have attempted to identify prognostic factors in patients receiving
HDT with ABSCT (14,19,21,24). Ketterer et al. (16), from France, reported 16 patients
with MCL, who received an ABMT and/or ABSCT. Most patients were in second or
third remission, and had BM involvement at the time of BM and/or blood stem cell
(BSC) harvest. Three patients died from hemorrhage prior to platelet recovery. With
a median follow-up of 22 (range 12-90) mo, only five patients were alive without
progression, and only three patients remained in CR. The expected EFS and OS at 3
yr were both 24%. A longer, but, statistically, not significantly different, OS was
observed in patients intensified in first CR or PR, and in those intensified during the
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first year after diagnosis, compared to patients intensified after progression, or after
more than 1 yr of follow-up.

Blay et al. (19), from France, described nine patients with diffuse centrocytic, and
nine patients with immunophenotypically confirmed, MCL, who received an ABMT
or ABSCT. The results between those patients with diffuse centrocytic and with con-
firmed MCL did not differ. With a median follow-up of 32 (range 10—139) mo posttrans-
plant, the 2-yr PFS and OS were 75 and 91%, respectively. In contrast to the previous
study, the PFS was 53% among patients in first CR or PR, and 82% among patients
in second CR or PR. The OS was 66% among patients in first CR or PR, and 89%
among patients in second CR or PR. Neither of these differences was statistically
significant. Furthermore, the PFS and OS were not associated with age, performance
status, stage, LDH, IPI, BM involvement, preparative regimen, or stem cell source.

Milpied et al. (24), from France, described 18 patients with MCL. Seventeen patients
received an ABMT or ABSCT, and one patient with refractory disease received an
allogeneic bone marrow transplantation (allo-BMT) from an HL.A-identical sibling. No
pathologic or clinical characteristic predicted response to transplant. With a median
follow-up 36 (range 13—-80) mo posttransplant, 15 patients were alive, and 11 had not
progressed. The projected DFS and OS after transplant were 49 and 81%, respectively.
The allo-BMT patient relapsed, and did not respond to donor leukocyte infusion. He
received involved-field radiation therapy, and subsequently remained in CR. Another
patient relapsed 11 mo after BCNU, etoposide, cytosine, valovisine, melphalan (BEAM)
and ABMT, achieved a second PR, and then received a TBI-based allo-BMT from an
HLA-identical sibling. This patient was alive and well 38 mo after the second transplant.
The investigators evaluated a variety of potential prognostic characteristics. Patients
with blastic variant had a worse DFS, compared to other patients (33 vs 64% at 3 yr;
p = 0.06). Patients who received a TBI-based conditioning regimen had an improved
DFS (71 vs 0% at 3 yr, p < 0.0001), and OS (89 vs 60% at 4 yr, p = 0.07). Patients
in first PR appeared to have a better 3-yr DFS (80 vs 18%) and 4-yr OS (90 vs 66%),
although these differences were not statistically significant. The authors noted that
the only two patients in first PR who relapsed after transplant, received a CT-based
preparative regimen.

3.2. Transplantation Product Contamination

Despite aggressive CT, patients with MCL frequently have morphologic, flow cyto-
metric, or molecular evidence of residual disease in the blood and/or BM at the time
of BM harvest or peripheral blood stem cell (PBSC) collection (14,28,29). This residual
lymphoma may contaminate peripheral blood or BM autografts, and, potentially, may
contribute to subsequent disease relapse. Dreger et al. (14), from Germany, reported
nine patients with stage III and IV MCL who received HDT with ABSCT: Two patients
were newly diagnosed, four were in first remission, and three were in first relapse. For
cytoreduction and stem cell mobilization, patients received 1-2 courses of Dexa-BEAM
with G-CSF: Five patients achieved a CR and four patients achieved a PR. Flow
cytometry detected CD5*CD19* B-cells in 2/9 BSC harvests, and polymerase chain
reaction (PCR) detected clonal rearrangements of the immunoglobulin heavy chain
gene in at least one leukapheresis product from 6/9 patients.

Corradini et al. (28), from Italy, evaluated the leukapheresis products and harvested
BM of eight MCL patients. They received sequential high-dose CT ([APO] x 2,
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dexamethasone, cytarabine, and cisplatin [DHAP] x 1-2, VP-16 x 1, methotrexate X
1, dexamethasone X 3), and then stem cells were mobilized with high-dose Cy and G-
CSF. At the start of treatment, lymphoma cells were detectable in the BM by histology
in seven patients, and by PCR in all eight patients. The one patient without overt
marrow involvement at the start of treatment had no PCR-detectable lymphoma in the
two leukapheresis products or harvested marrow. The other seven patients had PCR-
detectable lymphoma in every leukapheresis product and harvested marrow. In contrast,
13/19 patients with follicular lymphoma who were treated on the same protocol, had
at least one PCR-negative leukapheresis product.

Jacquy et al. (29), from Belgium, described 14 patients with stage III or IV, t(11;14)-
positive MCL, who were initially treated with polychemotherapy and G-CSF. Autolo-
gous BSCs were then mobilized, using either Cy and etoposide or Dexa-BEAM with
G-CSF. Using a semiquantitative method, peripheral blood cells were tested at the time
of regeneration from the first polychemotherapy or the mobilizing regimen, for the
presence of PCR-detectable patient-specific lymphoma DNA. In most cases, blood cells
collected at regeneration, from the combination CT and mobilizing CT, contained more
lymphoma cells than steady-state blood or BM. Furthermore, the peripheral blood
contamination in patients with MCL was greater than in patients with diffuse large B-
cell lymphoma. Although the CT used to mobilize stem cells prior to autologous
transplantation (autotransplantation) reduced the patient’s tumor load, the authors (29)
suggested that this benefit was lost by massively mobilizing malignant cells into the
stem cell collections, and actually reinfusing more lymphoma with CT-mobilized stem
cells than with unmanipulated autologous BM.

3.3. Purging or Selection of Transplantation Products

Because most patients are only in PR and have residual BM involvement at the time
of BM harvest or BSC collection, several groups have attempted to purge the BM or
positively select CD34* cells from either blood or BM (14,21,23,30-32). Freedman et
al. at the Dana-Farber Cancer Institute in Boston described 28 patients with newly
diagnosed or relapsed MCL in CR or a minimal disease state (lymph nodes <2 cm and
BM <20% involvement) following induction or salvage CT (21). These patients received
Cy and TBI followed by purged ABMT. At the time of BM harvest, only 18% of
patients were in CR, and most had residual marrow involvement with lymphoma. With
a median follow-up of 24 mo, only nine of the 28 patients remained in continuous CR.
The DFS and OS were estimated to be 31 and 62%, respectively, at 4 yr posttransplant.
The eight patients transplanted in first remission experienced better DFS than the 20
patients transplanted after relapse; the median DFS for the eight patients in first remission
and the 20 patients beyond first remission was 49 and 21 mo, respectively (p = 0.03).
However, Cox proportional hazards regression model, identified no variable (age, sex,
stage, histologic subtype, mass >10 cm, BM involvement, extranodal disease, presence
of B symptoms, splenic involvement, interval from diagnosis to AMBT, splenectomy,
ABMT in first or subsequent remission, and remission status at harvest) that was
associated with an improved DFS or OS. They appreciated no plateau in DFS and
observed a significant number of relapses beyond 2 yr.

In a separate paper, the investigators at DFCI reported the difficulty in purging the
BM of tumor cells in patients with MCL (30). They identified a molecular marker
(either bcl-1/immunoglobulin H translocation or clonal rearranged immunoglobulin
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heavy-chain gene), which was detectable by PCR in 19 pretransplant MCL patients.
Their harvested BM was purged with anti-B-cell monoclonal antibodies and comple-
ment-mediated lysis. Five of 19 patients had no morphologic evidence of lymphoma in
BM at the time of harvest, but all 19 patients had PCR-detectable disease in the BM. After
immunologic purging, no B-cells were detected by flow cytometry; however, all but two
patients still had PCR-detectable disease in the BM. These results were in contrast to
their patients with follicle center lymphoma and chronic lymphocytic leukemia, in which
approx 50% were successfully purged using the same immunologic method.

Only a few investigators have analyzed the ability of CD34-positive selection to
reduce or eliminate detectable mantle cells from the autograft. In one patient, who
received nine cycles of biweekly CHOP and still had circulating lymphoma cells
detectable by flow cytometry, CD34* selection of G-CSF-mobilized peripheral blood
progenitor cells resulted in a three-log reduction of PCR-detectable lymphoma cells
(31). In another study, CD34* cells were positively selected from the leukapheresis
products of five MCL patients (14). Prior to CD34* selection, MCL was detectable by
flow cytometry in the products of two patients, and by PCR in six patients. Although
no analysis of the leukapheresis products was performed after CD34* selection, none
of the nine patients had PCR-detectable disease in blood and/or BM following transplant.

3.4. Pretransplantation Chemotherapy

Other investigators have attempted to purge in vivo by developing pretransplant CT
programs that might successfully minimize or eradicate residual disease from the blood
and/or BM prior to stem cell collection or BM harvest (17,18,27,28). Suzan et al.
(27), from Paris, described nine evaluable patients with MCL, who were treated on a
prospective protocol. Patients received four cycles of CHOP CT. Those patients who
achieved at least a PR had PBSCs mobilized with 4.5 g/m? Cy and 450 mg/m? etoposide
with 5 pg/kg/d G-CSF. If a CR was still not achieved, patients received four cycles
of DHAP, and PBSCs were harvested after the first two cycles. Patients subsequently
received a TBI-based conditioning regimen with ABSCT. None of the patients achieved
a CR after CHOP or Cy/etoposide. Eight patients subsequently received four cycles of
DHAP, with stem cells collected during recovery from the second cycle. Five of these
patients had a CR, and three patients had a good PR (>75%). After transplant, the patient
who did not receive DHAP remained in PR; the other eight patients were in CR. Eight
patients were still alive, and seven patients remained in CR at the time of the report.

Investigators from MD Anderson Cancer Center (MDAC) in Houston have recently
reported (33) the use of an aggressive sequential CT regimen: Hyper CVAD alternating
with methotrexate and cytarabine (HCVAD/MA). This regimen consists of 300 mg/
m? Cy over 3 h bid on d 1-3; 50 mg/m* Dox over 48 h, starting on d 4; alternating
with 1.4 mg/m? vincristine (max 2 mg) on d 4 and 11; 40 mg/d dexamethasone on d
1-4 and 11-14; 1 g/m? methotrexate (with leucovorin rescue), infused over 24 h on
d 1; and 3 g/m’ cytarabine over 2 h bid on d 2 and 3. They presented 33 evaluable
patients with previously untreated MCL (17). Patients less than 65 yr old received four
cycles of HCVAD/MA, followed by consolidation with Cy/TBI and ASCT or allo-
SCT. Patients over age 65 yr, and any others not eligible for transplant, completed
eight cycles of HCVAD/MA. The median age of the entire group was 57 yr. Thirty
(91%) patients were stage IV, and 27 (82%) had BM involvement. Of the 33 patients,
23 patients were eligible for consolidation with transplant, but only 18 patients received



154 Pohlman

it. The median follow-up was 12 (range 5-33) mo. The outcome of this entire group
of previously untreated patients was compared to a similar group of previously untreated
patients with MCL (median age 54 yr, stage IV = 86%, BM involved = 86%), treated
at MDACC from 1986 to 1992 with CHOP or a CHOP-like regimen. The current group
of patients had a higher CR rate (HCVAD/MA 87% vs CHOP 21%, p < 0.0001), 2-
yr FFS (82 vs 32%, p = 0.002), and 2-yr OS (81 vs 68%, p = 0.34). The 18 patients
who were transplanted had a CR rate, 2-yr FFS and OS of 94, 100, and 100%,
respectively; the 15 patients who were not transplanted (10 because of age greater than
65 yr) had a CR rate, 2-yr FFS, and OS of 67, 56, and 62%, respectively.

In a separate report, this same group described 19 patients with previously treated
MCL who failed frontline therapy, mostly with CHOP (18). The treatment plan was
exactly as described above for previously untreated patients. Sixteen (84%) patients
achieved a CR, three (15%) achieved only a PR, and one failed to respond. Thirteen
patients subsequently received allo-SCT (n = 5) or ASCT (n = 8). The median follow-
up was 13 (range 6-38) mo. Among the entire group, the 2-year FFS was 45%, and
the OS was 52%. Of five allograft recipients, two died from complications, and none
relapsed. Of the eight autograft recipients, two relapsed and two died from complications
of the transplant.

3.5. Posttransplantation Residual Disease

A few groups have evaluated residual disease, using PCR following autotransplanta-
tion (14,28,30). For example, the nine patients reported by Dreger et al. (14), who were
in clinical remission following transplant, also had no PCR-detectable monoclonal
immunoglobulin heavy chain gene in the blood or marrow. Of the eight patients reported
by Corradini et al. (28), four actually received the planned HDT with ABSCT. One
patient had no PCR-detectable lymphoma in the BM at 12, 29, and 35 mo posttransplant,
and remained in clinical remission. One patient, who was only evaluated at 9 mo
posttransplant, had no PCR-detectable lymphoma in the BM, and was also in clinical
remission. The other two patients were evaluated 10-34 and 44-58 mo posttransplant,
and had persistently PCR-positive BM. One of these patients clinically relapsed.

Anderson et al. (30) evaluated BM and/or blood samples from 17 patients posttrans-
plant. Eight of 11 patients, who had PCR-detectable MCL in the first BM and/or blood
sample obtained soon after ABMT, relapsed by 2 yr posttransplant; one other patient
relapsed nearly 6 yr posttransplant. Seven of 9 patients, with PCR-detectable MCL in
every post-ABMT BM and/or blood sample, relapsed. Two patients had persistently
PCR-positive BM and/or blood, but had not clinically relapsed at 2 yr post-ABMT.
Two patients initially had PCR-negative BM and/or blood post-ABMT, subsequently
became PCR-positive, and then clinically relapsed within 16 mo of converting. Four
patients remained persistently PCR-negative post-ABMT, and only one has relapsed
4 yr post-ABMT.

4. ALLOGENEIC TRANSPLANTATION

Several investigators have reported the results of allotransplantation, and some have
documented an apparent graft-vs-lymphoma effect (17,18,22-26,34-36). For example,
Adkins et al. (35) described a 55-yr-old man with the blastic variant of MCL, who
had failed four prior CT regimens. This patient then received high-dose etoposide, Cy,
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and TBI, followed by a BMT from an HLLA-matched sibling. Following the transplant,
blastic cells persisted in the patient’s peripheral blood. On d 20 posttransplant, however,
a dramatic decrease in circulating leukemia cells occurred, and by d 27 posttransplant,
no circulating tumor cells were identifiable. Evaluation (including variable number of
tandem repeats) on d 69 posttransplant confirmed a CR, with complete donor engraft-
ment. Corradini et al. (36) described a 32-yr-old man with MCL (including diffuse
lymphadenopathy, splenomegaly, leukocytosis, and 70% marrow involvement), who
received aggressive induction CT (APO x 2, DHAP x 2, and cytarabine/mitoxantrone),
yet 40% marrow infiltration persisted. He subsequently received high-dose thiotepa
and Cy and G-CSF-mobilized, HLA-identical sibling BSCs. He had no acute graft-vs-
host disease (GVHD) but did develop mild chronic GVHD. Tumor-specific immuno-
globulin gene DNA was undetectable by PCR at 12 mo post-BMT and the patient
remained in remission 16 mo post-BMT.

Sohn et al. (26), from Fred Hutchinson Cancer Center in Seattle, presented 12 MCL
patients (median age 45 yr), who received HDT and allo-BMT. Prior to transplant,
92% had BM involvement, and 42% had blood involvement. Only 17% achieved a
CR with initial treatment, and 33% were refractory to salvage therapy at the time of
transplant. Nine of 12 evaluable patients achieved a CR with transplant. With a median
follow-up of 3 (range 1-11) yr, eight patients died (one of relapse, three of infection,
one of chronic GVHD, two of pulmonary complications, and one of hepatitis). OS and
EFS at 3 yr were 23 and 12%, respectively.

Khouri et al. (22) recently reported the results of allotransplantation at MDACC in
Houston. Thirteen patients <60 yr of age received HCVAD/MA cytoreduction (as
described above), followed by matched-sibling donor PBSCT. The median age was 53
yr (range 38-58 yr). All had stage IV disease with marrow involvement. Nine were
previously treated: Five failed induction therapy, and one failed a prior autotransplant.
At the time of transplant, three had refractory disease, seven were in PR, and three
were in CR. Ten patients received Cy and TBI; three other patients received BEAM.
Twelve achieved a CR, and one achieved a good PR. With a median follow-up of 21
(range 4—-44) mo, none of the patients relapsed. One died at 3 mo post-BMT, because
of acute GVHD/sepsis, and two others died, also, in CR from chronic GVHD. OS and
FES at 3 yr were both 67%.

Two additional patients received a nonmyeloablative preparative regimen (25 mg/
m?/d X 4 cisplatin; 30 mg/m?d X 2 fludarabine; and 1000 mg/m?d X 2 cytarabine) (22).
One patient, transplanted in first remission, had graft failure, and subsequently relapsed
and died 4 mo later. The other patient was 57 yr old, was refractory to three prior
conventional CT regimens, and had no response in the marrow to pretransplant induction
therapy. At the time of transplant and 1 mo posttransplant, the patient had lymphadenopa-
thy and 50-85% marrow involvement, with lymphoma. Three mo posttransplant, the
patient developed GVHD, and, by 8 mo posttransplant, the lymphadenopathy resolved
and the BM involvement decreased to 5%.

5. THE CLEVELAND CLINIC FOUNDATION EXPERIENCE

Eleven patients with MCL were identified in the database of the Cleveland Clinic
Foundation BMT Program (Table 3). Eight patients were diagnosed prospectively,
according to standard criteria. Three patients initially had a diagnosis of diffuse small-
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cleaved-cell lymphoma, and were retrospectively diagnosed with MCL. The median
age was 55 yr (range 34-68 yr). All had stage IV disease, with BM involvement. The
IPI was 1 in three patients and 2-3 in the rest. Eight patients had received 2-3
prior CT regimens. Only three patients had received one prior CT regimen, and were
transplanted as part of the initial planned therapy. At the time of transplant, the median
age was 56 yr (range 34-69 yr), and a median of 12 mo (range 4-62) had elapsed
since diagnosis. All patients were in PR at the time of transplant, and at least eight
had persistent BM involvement. The preparative regimen consisted of 14 mg/kg busul-
fan, 50-60 mg/kg etoposide, and 120 mg/kg Cy (37). Two patients received HLA-
identical sibling BM, and nine patients received hematopoietic, growth-factor-mobi-
lized, autologous BSCs. Seven patients achieved a CR. One patient relapsed 12 mo
after transplant, and one patient died from pulmonary fibrosis 4 mo after transplant
(and 66 mo after diagnosis). Nine patients remain alive, without evidence of disease
progression, 3-34 (median 11) mo after transplant.

6. LONG-TERM FOLLOWUP

The PFS and OS in these series varied widely. These differences may reflect the
heterogeneous biologic behavior of MCL, the variable status of disease at the time of
transplant, and the specific selection criteria used by different transplant centers. The
follow-up, in the majority of these studies, was short. Only four studies had a median
follow-up of 2 yr or more (19,21,24,26). Among the 134 autograft patients in these
four studies, the number of patients that remained in remission varied inversely to the
duration of follow-up. The estimated DFS (or EFS or PFS), from the time of transplant,
was 75% at 2 yr (19), 54 and 49% at 3 yr (24,26), and 31% at 4 yr (21). The estimated
OS in these same four studies was 91% at 2 yr (19), 63% at 3 yr (26), and 81 and
62% at 4 yr (21,24). Although the data are limited, the long-term results in these four
studies suggest that the extraordinary results reported in some of the other studies may
show that follow-up was too short, and that the majority of patients will eventually
relapse. Nevertheless, the survival duration following autotransplant appears substan-
tially longer than expected or reported with conventional CT. Whether this observation
is the result of a selection bias, or an alteration of the natural history of the disease,
is uncertain.

7. SUMMARY AND CONCLUSIONS

Data from these and other studies suggest that MCL has an intrinsically low sensitivity
to conventional CT, and that remissions occur slowly. Adequate pretransplant remissions
may not be achieved with standard alkylator- and/or anthracycline-based CT (e.g.,
CHOP). High-dose cytarabine-based regimens may be more effective. The presence
of MCL in the blood, BM, and leukapheresis products, following conventional CT and
prior to autotransplantation, is an obvious concern. Although the clonogenic potential
is not proven, these residual malignant cells probably contribute to posttransplant disease
relapse. The optimal method to rid the blood, BM, and/or leukapheresis products of
potentially contaminating malignant cells is unknown. Purging BM appears ineffective,
and CD34 selection is inadequately studied.
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Allotransplantation is particularly promising. Anecdotal reports have demonstrated
and proven the importance of a graft-versus-lymphoma effect in achieving CRs and
potential cures. Several series include one or more patients that failed autotransplanta-
tion, but subsequently experienced continuous DFS following allotransplantation.
Although the morbidity and mortality are high, only 15% of the allotransplant patients
reported in the literature have relapsed.

HDT and HSCT should be discussed with all MCL patients, preferably at the time
of diagnosis. Patients in first, especially complete, remission are the best candidates
for autologous hematopoietic transplantation. On the other hand, young patients and
patients with relapsed or refractory disease, who have an HLA-matched donor, might
benefit more from an allotransplantation.

REFERENCES

1. Fisher RI, Dahlberg S, Nathwani BN, Banks PM, Miller TP, and Grogan TM. A clinical analysis of
two indolent lymphoma entities: mantle cell lymphoma and marginal zone lymphoma (including the
mucosa-associated lymphoid tissue and monocytoid B-cell subcategories): a Southwest Oncology
Group study, Blood, 85 (1995) 1075-1082.

2. Teodorovic I, Pittaluga S, Kluin-Nelemans JC, et al. Efficacy of four different regimens in 64 mantle-
cell lymphoma cases: clinicopathologic comparison with 498 other non-Hodgkin’s lymphoma subtypes,
J. Clin. Oncol., 13 (1995) 2819-2826.

3. Pittaluga S, Bignens L, Teodorovic I, et al. Clinical analysis of 670 cases in two trials of the European
Organization for the Research and Treatment of Cancer Lymphoma Cooperative Group subtyped
according to the Revised European-American Classification of Lymphoid Neoplasms: a comparison
with the Working Formulation, Blood, 87 (1996) 4385-4367.

4. Lennert K, Mohri N, Stein H, et al. The histopathology of maligiant lymphoma, Br. J. Haematol.,
31 (Suppl) (1975) 193-203.

5. Beard CW and Dorfman RF. Histopathology of malignant lymphoma. In Rosenberg SA (ed), Clinics
in Hematology, WB Saunders, London, 3 (1974) 39.

6. Weisenburger DD, Nathwani BN, Diamond LW, Winberg CD, and Rappaport H. Malignant lymphoma,
intermediate lymphocytic type: a clinicopathologic study of 42 cases, Cancer, 48 (1981) 1415-1425.

1. Banks PM, Chan J, Clear ML, et al. Mantle cell lymphoma: a proposal for unification of morphologic,
immunologic, and molecular data, Am. J. Surg. Pathol., 16 (1992) 637-640.

8. Harris NL, Jaffe ES, Stein H, et al. A revised European-American classification of lymphoid neoplasms:
a proposal from the International Lymphoma Study Group, Blood, 84 (1994) 1361-1392.

9. Armitage JO, Weisenburger DD, for the Non-Hodgkin’s Lymphoma Classification Project. New
approach to classifying non-Hodgkin’s lymphomas: clinical features for the major histologic subtypes,
J. Clin. Oncol., 16 (1998) 2780-2740.

10. Press OW, Grogan TM, and Fisher RI. Evaluation and management of mantle cell lymphoma, Adv.
Leukemia Lymphoma., 6 (1996) 3-11.

11. Meusers P, Engelhard M, Bartels H, et al. Multicentre randomized therapeutic trial for advanced
centrocytic lymphoma: anthracycline does not improve the prognosis, Hematol. Oncol., 7T (1989)
365-380.

12. Stewart DA, Vose JM, Weisenburger DD, et al. Role of high-dose therapy and autologous hematopoietic
stem cell transplantation for mantle cell lymphoma, Ann. Oncol., 6 (1995) 263-266.

13. Haas R, Brittinger G, Neusers P, et al. Myeloablative therapy with blood stem cell transplantation is
effective in mantle cell lymphoma, Leukemia, 10 (1996) 975-979.

14. Dreger P, von Neuhoff N, Kuse R, et al. Sequential high-dose therapy and autologous stem cell
transplantation for treatment of mantle cell lymphoma, Ann. Oncol.,, 8 (1997) 401-403.

15. Gressin R, Legouffe E, Leroux D, et al. Treatment of mantle-cell lymphomas with the VAD +/—
chlorambucil regimen with or without subsequent high-dose therapy and peripheral blood stem-cell
transplantation, Ann. Oncol., 8 (Suppl. 1) (1997) 103-106.

16. Ketterer N, Salles G, Espinouse D, et al. Intensive therapy with peripheral stem cell transplantation
in 16 patients with mantle cell lymphoma, Ann. Oncol., 8 (1997) 701-704.



Hematopoietic Stem Cell Transplant for MCL 159

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

Khouri I, Romaguera J, Kantarjian H, et al. Preliminary report of an active regimen for mantle cell
lymphoma, Blood, 90 (Suppl. 1) (1997) 1092(Abstract).

Romaguera J, Khouri J, Hagemeister FB, et al. HCVAD/Ara-C-MTX with or without high-dose
chemotherapy and stem cell transfusion as salvage for relapsed or refractory diffuse/nodular mantle
cell lymphoma, Blood, 90 (Suppl. 1) (1997) 834(Abstract).

Blay JY, Sebban C, Surbiguet C, et al. High-dose chemotherapy with hematopoietic stem cell transplan-
tation in patients with mantle cell or diffuse centrocytic non-Hodgkin’s lymphomas: a single center
experience on 18 patients, Bone Marrow Transplant., 21 (1998) 51-54.

Conde E, Bosch F, Arranz R, et al. Autologous stem cell transplantation for mantle cell lymphoma.
The experience of the GEL/TAMO Spanish Cooperative Group, Blood, 92 (Suppl. 1) (1998)
1915(Abstract).

Freedman AS, Neuberg D, Gribben JG, et al. High-Dose chemoradiotherapy and anti-B-cell monoclonal
antibody-purged autologous bone marrow transplantation in mantle-cell lymphoma: no evidence for
long-term remission, J. Clin. Oncol., 16 (1998) 13-18.

Khouri I, Korbling M, Albitar M, et al. Allogeneic stem cell transplantation for mantle cell lymphoma
(MCL): evidence of graft-versus-lymphoma effect (GVL), Blood, 90 (Suppl. 1) (1998) 2708(Abstract).
Kroger N, Hoffknecht M, Dreger P, et al. Long-term disease-free survival of patients with advanced
mantle-cell lymphoma following high-dose chemotherapy, Bone Marrow Transplant., 21 (1998) 55-57.
Milpied N, Gaillard F, Moreau P, et al. High-dose therapy with stem cell transplantation for mantle
cell lymphoma: results and prognostic factors, a single center experience, Bone Marrow Transplant.,
22 (1998) 645-650.

Molina A, Nademanee A, O’Donnell MR, et al. Autologous (auto) and allogeneic (allo) stem cell
transplantation (SCT) for poor-risk mantle cell lymphoma (MCL): the City of Hope (COH) experience,
Blood, 92 (suppl 1) (1998) 1894(Abstract).

Sohn SK, Bensinger W, Holmberg L, et al. High-dose therapy with allogeneic or autologous stem
cell transplantation for relapsed mantle cell lymphoma: the Seattle experience, Proc. ASCO., 17
(1998) 64(Abstract).

Suzan F, Belanger C, Ribrag V, et al. Preliminary report of a strategy assessing a CHOP-regimen
and high dose ara-C (DHAP) followed by high-dose chemotherapy with autologous peripheral blood
stem cell transplantation (APBSCT) for mantle cell lymphoma (MCL), Blood, 92 (Suppl. 1)
(1998) 1916(Abstract).

Corradini P, Astolfi M, Cherasco C, et al. Molecular monitoring of minimal residual disease in follicular
and mantle cell non-Hodgkin’s lymphomas treated with high-dose chemotherapy and peripheral blood
progenitor cell autografting, Blood, 89 (1997) 724-731.

Jacquy C, Soree A, Bosly A, Ferrant A, Bron D, and Martiat P. Peripheral blood stem cells contamina-
tion in diffuse large cell (DLCL) and mantle cell (MCL) lymphomas: a quantitative comparison,
Blood, 92 (Suppl. 1) (1998) 976(Abstract).

Andersen NS, Donovan JW, Borus JS, et al. Failure of immunologic purging in mantle cell lymphoma
assessed by polymerase chain reaction detection of minimal residual disease, Blood, 90 (1997) 4212—
4221.

Uehira K, Kagami Y, Ogura M, et al. A high dose chemoradiotherapy and peripheral blood stem cell
support combined with the CD34(+)-selection method in cyclin D1(+)-mantle cell lymphoma, Int. J.
Hematol., 67 (1998) 187-190.

Di Nicola M, Magni M, Milanesi M, et al. Successful elimination of follicular or mantle non-Hodgkin
lymphoma cells from hematopoietic progenitor cell transplants by high-dose chemotherapy and ex-
vivo purging of CD19+ cells, Blood, 92 (Suppl. 1) (1998) 2677(Abstract).

Romaguera J, Khouri I, Champlin R, et al. HCVAD/MTX-ARAC: A new effective regimen for diffuse
and nodular mantle cell lymphoma (MCL), Blood, 88 (Suppl. 1) (1996) 2261(Abstract).

Tongol JM, Carrum G, Udden MM, Lynch G, Williams G, McCarthy PL. Successful allogeneic
transplantation in a patient with mantle cell lymphoma, Proc. ASCO., 14 (1995) 11(Abstract).
Adkins D, Brown R, Goodnough LT, Khoury H, Popovic W, and DiPersio J. Treatment of resistant
mantle cell lymphoma with allogeneic. Bone marrow transplantation, Bone Marrow Transplant., 21
(1998) 97-99.

Corradini P, Ladetto M, Astolfi M, et al. Clinical and molecular remission after allogeneic blood cell
transplantation in a patient with mantle-cell lymphoma, Br. J. Haematol., 94 (1996) 376-378.
Copelan E, Penza S, Pohlman B, et al. A novel Bu/Cy/VP-16 regimen in non-Hodgkin’s lymphoma,
Blood, 92 (Suppl. 1) (1998) 2737(Abstract).



12 Is Autologous Transplantation
for Non-Hodgkin’s
Lymphoma Underutilized?

Brian J. Bolwell, MD

CONTENTS

INTRODUCTION
ABMT For RELAPSED/REFRACTORY NHL
The Parma Trial
Is ABMT Underutilized for Intermediate/High-Grade
Patients with Relapsed/Refractory Disease?
BMT/SCT For FOLLICULAR LYMPHOMA
Introduction
Can We Identify Patients with FL. with a Poor Prognosis?
Potential Goals of Transplantation
BMT for FL: Current Results
Is Autotransplantation Underutilized for Follicular NHL.?
ASCT ror HigH-Risk NHL 1N FIrRsT REMISSION
IS AUTOTRANSPLANTATION FOR HIGH-RiSK INTERMEDIATE/
HiGH-GRADE NHL UNDERUTILIZED?
Summary and Commentary
References

1. INTRODUCTION

Thousands of patients with a variety of malignancies have received high-dose chemo-
therapy (HDCT) with autologous bone marrow transplantation (ABMT)/peripheral
blood progenitor cell transplantation (PBPCT) over the past two decades. The use of
ABMT in non-Hodgkin’s lymphoma (NHL) is an unequivocal success. AMBT now
represents state-of-the-art care for many lymphoma patients, and has changed the
standard of care for such patients worldwide. In the 1980s, clinical trials showed that
ABMT potentially salvaged patients with relapsed/refractory NHL, who were otherwise
destined to die of their disease. The superiority of transplantation over conventional
therapy for relapsed intermediate and high-grade NHL has been confirmed in a landmark
prospective randomized trial (Subheading 2.1). This data has confirmed the proof of
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principle that HDCT may, in fact, overcome tumor cells resistant to conventional-dose
CT, and cure some patients who are otherwise incurable. With current techniques
utilizing hematopoietic growth factors and PBPCs, mortality risks have decreased to
1-3%. The well-documented efficacy, coupled with decreased morbidity and mortality,
have led to clinical research studies utilizing autologous stem cell transplantation
(ASCT) for additional groups of patients with NHL, including those with intermediate-
and high-grade NHL with poor prognostic factors in first remission, as well as those with
poor-prognosis follicular NHL. This chapter briefly reviews autologous transplantation
(autotransplantation) in NHL from a historical prospective, then discusses current
indications for patients with relapsed/refractory intermediate- and high-grade NHL, and
examines the potential utility of autotransplantation in follicular NHL, as well as for
those patients with intermediate- and high-grade NHL with poor prognostic features
at presentation.

2. ABMT FOR RELAPSED/REFRACTORY NHL

Patients with aggressive histologies of NHL relapsing after primary chemotherapy
(CT) are essentially incurable, and generally have a life expectancy measured in months.
Those who respond poorly to initial CT have an even grimmer prognosis. Thus, despite
the morbidity of ABMT in the 1980s, patients with relapsed or refractory NHL were
felt to be candidates for clinical trials of ABMT, because of their otherwise poor
prognosis. Table 1 shows the results of some of the early phase II trials of ABMT for
such relapsed/refractory patients. These, and other studies, led to several important
observations. First, durable remissions were clearly possible in this group of patients,
who had no hope for durable remissions with any conventional therapy: 20-40% of
patients with refractory disease achieved continuous complete remissions (CR). Second,
prognostic variables of transplant outcome could be identified for patients pretransplant.
Patients had a worse outcome with transplantation if they entered the transplant with
an elevated lactic dehydrogenase (LDH), if they had undergone histologic transformation
to a more aggressive histology, or if they had refractory disease. Philip et al. (1)
introduced the concept of “sensitive relapse,” and found that transplant outcome corre-
lated with a patient’s response to re-treatment with CT at the time of relapse. Those
continuing to respond to CT had a 36% chance of a continued CR after ABMT; those
patients having an initial response to CT, but who were no longer responding at the
time of transplant, had a 14% chance of continued CR; and those patients never
responding to CT had a 0% chance of a continued CR. Subsequent studies have shown
that even refractory patients do have a low, but finite, chance of durable remission
with autotransplantation (5-8).

Most subsequent series showed that 25-45% of patients with relapsed/refractory
NHL achieved extended remissions, and were probably cured with ABMT (5-11). The
Cleveland Clinic found that the evaluation of patients 2 yr posttransplant was of great
interest. The author et al. (12) examined a group of relapsed/refractory NHL patients
in CR 2 yr after ABMT (12). These CR patients were then followed for an additional
2-6 yr, and it was found that all patients with high-grade histologies in CR 2 yr
posttransplant remained in CR with extended follow-up, i.e., none of these patients
subsequently relapsed. Eighty percent of those with intermediate grade NHL in CR 2
yr posttransplant remained so with additional follow-up. The study, therefore, represents



ABMT for NML

163

Table 1

ABMT in NHL: Early Trials

Preparative

Induction mortality

Source No. patients regimen (%) Outcome
Philip et al. 1987 100 recurrent/ 39 TBland CT 21 0% CCR refractory
(1) refractory 61 CT alone 14% CCR-resistant
intermediate or relapse
high-grade 36% CCR-

Appelbaum et al.

100 recurrent

24 autologous

36 (Including

sensitive relapse
24% CCR (no

(1987) (2) NHL Cy/TBI complications of difference in
36 high-grade 13 syngeneic allo-BMT) allo-BMT or
46 intermediate 60 allogeneic ABMT)
grade Best if done in
(18 HD) CR2 (sensitive
relapse)
Takvorian et al. 49 responsive to Cy/TBI 4 65% CCR at 1 yr
1987 (3) chemotherapy =~ mAb purge

29 high-grade

14 intermediate

6 low-grade
Vose et al. 1989 25 recurrent/

18 TBI and CT 24 5-yr DFS 40%

(4) refractory 7CT Poor prognosis
intermediate or factors:
high-grade Mass > 10 cm;

T LDH;
histologic
transformation

Abbreviation: TBI, total body irradiation; CCR, continuous complete remission; NHL, non-Hodgkin’s
lymphoma; HD, Hodgkin’s disease; CY/TBI, cyclophosphamide plus total body irradiation; BMT, bone
marrow transplantation; CR2, second complete remissions; mAb, monoclonal antibody; DFS, disease-free
survival; LDH, lactate dehydrogenase.

further evidence that, not only are CRs possible after ABMT for relapsed/refractory
NHL patients, but they are durable, because the vast majority of patients remain in
CR with extended follow-up.

Thus, from 1985 through 1994, multiple clinical research studies showed that 25—45%
of the patients with relapsed/refractory intermediate- and high-grade NHL were probably
cured with ABMT/ASCT in phase II studies. This led to the design of phase III,
prospective randomized trials.

2.1. The Parma Trial

The landmark prospective randomized trial showing the clear superiority of autotrans-
plantation over conventional CT for relapsed/refractory NHL is the Parma Trial (13).
215 patients, with relapsed intermediate- or high-grade disease, were enrolled in this
trial from July 1987 through June 1994. All patients had been treated with a doxorubicin-
containing CT regimen, and all patients had an initial CR to CT. At the time of relapse,
all patients received one course of dexamethasone, cisplatin, and cytarabine (DHAP).
The patients then underwent a bone marrow harvest. After a second course of DHAP,
patients achieving a response were randomized to continue four courses of DHAP or
ABMT (peripheral stem cells were not used in this study). The transplant-preparative
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regimen was carmustine, etoposide, cytarabine, and cyclophosphamide (Cy). With a
median follow-up of 63 mo, the overall response rate was 84% after BMT, and 44%
after standard-dose CT without transplantation. With follow-up of 5 yr, the rate of
event-free survival was 46% in the transplantation group and 12% in the group receiving
CT without transplantation (p = 0.001). The overall survival (OS) rates were 53 and
32%, respectively (p = 0.04).

One of the important aspects of the study was the outcome of patients treated in
the conventional treatment group: 45/54 patients relapsed. Only 18/45 relapsed patients
subsequently received ABMT; 14/18 died; two survived with relapses; and only two
were alive and free of disease 1-3 yr after bone marrow transplantation (BMT).

In May 1998, the Parma Trial was updated at the annual meeting of the American
Society of Clinical Oncology (14). With a median follow-up of 100 mo, the 8-yr event-
free survival rate was 36%, and the ABMT arm and 11% in the DHAP arm (p < 0.002)
and the rates of OS were 47 and 27%, respectively (p = 0.04).

This study represents concrete evidence that ABMT is the treatment of choice for
patients with relapsed intermediate- and high-grade histology NHL. It also underscored
the importance of the timeliness of ABMT, and the fact that repeated cycles of conven-
tional-dose CT are potentially deleterious in the overall outcome of this patient popu-
lation.

2.2. Commentary: Is ABMT Underutilized for Intermediate/High-grade
Patients with Relapsed/Refractory Disease?

Approximately 57,000 patients will be diagnosed with NHL in the United States in
1999. Of these, approx 35% will be low-grade lymphomas, 38% intermediate-grade,
and 17% high-grade (26). Approximately 65% of those with intermediate-grade will
be <65 yr of age, and 80% of those with high-grade will be <65 yr old. This means
that approx 22,000 patients will be diagnosed with intermediate- or high-grade lym-
phoma who are less than 65 yr. Approximately 85% (19,000) of these patients will be
stage II, III, or IV. No CT for these patients has ever been shown to be superior to
Cy, doxorubicin, vincristine, and prednisone (CHOP) in conventional doses (15). With
long-term follow-up, CHOP cures 30% of patients with diffuse large-cell NHL (16).
This means that approx 5600 of the original 19,000 patients will be cured with CHOP;
13,000 are destined to relapse. The treatment of choice for such patients is ASCT. A
distinct minority of these patients even come to transplantation. ABMT can potentially
cure approx 40% of these patients. The fact that a minority of these patients ever come
to transplant means that thousands of patients with relapsed/refractory intermediate/
high-grade NHL die because they never will receive an ABMT/ASCT. Clearly, ABMT
is underutilized in relapsed/refractory aggressive/intermediate-grade NHL.

3. BMT/SCT FOR FOLLICULAR LYMPHOMA

3.1. Introduction

One of the chief reasons why ABMT was utilized in patients with intermediate and
aggressive subtypes of NHL in the 1980s was the uniformly poor prognosis of patients
with relapsed or refractory disease. The fact that low-grade lymphoma patients have
a more indolent course made the risks of BMT in the 1980s prohibitive. With the
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advent of hematopoietic growth factor therapy, and the use of primed PBPC, the
mortality risk of auto-PBPC transplantation is now approx 2% (17-20), and there has
been a recent re-examination of ABMT/ASCT in the treatment of follicular NHL.
Newer data allows an examination of patients with follicular lymphoma (FL) who may
have a poor prognosis, and who, therefore, may be candidates for more aggressive
therapy; additionally, more mature data is available concerning long-term outcomes of
both autologous and allogeneic BMT/SCT.

3.2. Can We Identify Patients with FL with a Poor Prognosis?

Survival for follicle-center NHL is often reported to be 5-10 yr from diagnosis.
Recent data indicates, however, that it is possible to identify subtypes of patients with
a worse prognosis. The International Prognostic Index (IPI) for aggressive lymphomas
has been a useful device to segregate patients into low-risk, low-intermediate risk,
high-intermediate risk, or high-risk (21). This index is based on the following variables:
age (<60 yr vs >60 yr), performance status (Eastern Cooperative Oncology Group
[ECOG], 0 or 1 vs 2—-4), Ann Arbor Stage (1-2 vs 3-4), extranodal involvement (<2
vs 22 sites), and serum LDH level (normal vs high). Patients with 0—1 unfavorable
risk factors are considered to be of low-risk, those with two are low-intermediate risk,
those with three are high-intermediate risk, and those with 4-5 adverse factors are
considered to be high-risk. This index has been shown to be useful as a prognostic
tool for patients with low-grade lymphoma as well. One study found 10-yr OS rates
correlated strongly with the IPI for patients with follicular lymphomas, ranging from
74% for those with a low IPI score to 0% for those with a high IPI (22). Additionally,
the Non-Hodgkin’s Lymphoma Classification Project recently completed a clinical
evaluation of the International Study Group Classification of non-Hodgkin’s lymphoma
(23) and found that survival correlated strongly with the IPI for patients with FLs: 5-
yr OS and failure-free survival (FFS) for those with a low IPI score was 84 and 55%,
compared with 17 and 6% for those with a high IPI. These authors made a point of
stating that patients with FL with a high IPI had a far worse overall FFS than did
patients with diffuse large-cell B-cell lymphoma and a low IPIL. Therefore, patients
with FL with a high IPI score have a very poor prognosis, and are potential candidates
for more aggressive therapy.

Response to therapy is another possible discriminating variable to define patients
with FL destined to have a poor outcome. An ECOG study of a multivariate analysis
of patients with low-grade NHL, relapsing after initial CT treatment, found that those
patients achieving a CR or a partial response (PR) that lasted for less than 1 yr had a
5-yr OS of only 33%; patients who had never achieved a CR, but had a PR that lasted
for greater than 1 yr, had a S-year OS rate of 40%; patients who achieved a CR that
lasted longer than 1 yr had a 5-yr OS of 55% (24). Median survival for those experiencing
a CR of more than 1 yr was 5.9 yr, compared with 2 yr for those with a PR of more
than 1 yr, and 2.5 yr with a CR or PR of less than 1 yr (p < 0.01). Those authors
concluded that those patients with low-grade lymphomas who had a response lasting
less than 1 yr were potential candidates for more aggressive therapy, including ASCT.
Additionally, it has been shown that the duration of response inversely correlates with
the number of courses of prior CT. By the fourth cycle of conventional CT, virtually
all patients either do not respond or have a response measured in weeks (25). Thus,
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not only is a poor response to initial CT an important prognostic variable with respect
to outcome of patients with follicle-center lymphoma, but so is the number of courses
of prior CT that the patient has received.

Transformation to a higher-grade histology is indicative of a poor outcome. Response
to therapy may predict which patients are more likely to transform. Bastion et al. (28)
recently reported on 220 patients with FL, with a median follow-up of 9 yr, with respect
to histologic transformation. Transformation occurred in 37% of patients studied, with
a median survival after transformation of only 7 mo. Patients achieving a CR to initial
therapy were far less likely to transform into a higher-grade histology than were patients
with a PR. The probability of transformation for patients with an initial CR was 24%,
compared to 51% for those who achieved only PR (p < 0.0001). Thus, patients not
achieving a CR have a lower survival after relapse than do those that achieve an
initial CR, and are more likely to suffer histologic transformation and its resultant
dismal prognosis.

The recent REAL classification of lymphomas does not segregate follicular large-
cell lymphomas into the intermediate histology grouping (27). Rather, it classifies FLs
as grade [—III, depending on the number of large cells present. However, the classifica-
tion does not precisely define a given percentage of large cells that constitutes grade
I-1II. Thus, whether all FLs, according to the REAL classification, are truly low-grade
is an open question. Indeed, the original analysis by the Working Formulation (28)
found median survival of follicular large-cell lymphoma to be 3.0 yr, compared with
a median survival of 5.1 yr for follicular mixed-cell lymphoma, and 7.2 yr for follicular
small-cleaved. A retrospective review by Martin et al. (29), of the prognostic value of
histologic grade in FL, found that OS was worse for follicular large-cell lymphomas,
compared with other follicular histologies. However, depending on the classification
used, FFS might actually be better for follicular large-cell lymphoma, with a plateau
on the survival curve similar to diffuse large-cell lymphoma. Wendum et al. (30)
compared patients with follicular large-cell lymphoma, treated with intensive CT, with
patients with diffuse large-cell lymphoma. Overall 5-yr freedom from progression was
identical in the two treatment groups (39 vs 43%), and it was felt that the overall results
of follicular large-cell lymphoma were similar to that with diffuse large-cell lymphoma.
Thus, at least some authors feel that follicular large-cell lymphoma (or FL of grade
IIT) behave more aggressively than other indolent lymphomas, and have outcomes that
may be similar to diffuse large-cell lymphoma. Additionally, a conservative approach
may not be optimal in some patients, because of the potential poor OS, as originally
shown by the Working Formulation analysis.

Increasing data now are available to determine subsets of patients with FLs who
may have a much worse prognosis than the usual stated expected survival rate of 5-10
yr: Specifically, those patients with a high IPI score; those patients who do not achieve
a CR to initial CT; patients with an initial response to CT lasting less than 1 yr; patients
who have received multiple courses of prior CT; and, potentially, those patients with
follicular large-cell lymphoma are candidates for more aggressive therapy, including
HDCT and ASCT.

3.3. Potential Goals of Transplantation

The most commonly stated goal of transplantation is cure. It is important to remember
that FLs are, in fact, curable. Stage I-II patients with FLs have long been treated with
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radiation therapy. A landmark article by Kaplan in 1966 (31) showed evidence for a
tumoricidal dose level of radiotherapy of Hodgkin’s disease, demonstrating that a clear
dose-response curve existed. One might argue that this represented the first clinical
proof of principle that dose intensity is important in cancer therapy. Stanford recently
updated their experience (32) with radiation therapy for stage I-II Fls, and showed
that patients who remained disease-free for 10 yr were very unlikely to relapse, implying
that many of these patients were cured. Thus, FLs can, potentially, be cured.

The technique of HDCT and ASCT has been refined to the point that mortality rates
associated with the procedure are 1-3%. This is not significantly different than the
mortality risk of outpatient CT, as reported in cooperative group trials. Thus, in addition
to cure, one might argue that another goal of autotransplantation is improved disease
control, even if patients are destined to relapse at a later date. If OS, progression-free
survival (PFS), and quality of life are found to be enhanced by HDCT and ASCT, then
ABMT would clearly be worthwhile.

3.4. BMT for FL: Current Results

Small number of patients, and short follow-up, limit many reports concerning the
outcome of ABMT for follicular NHL. Recently, several studies have been published
with more mature data. The author et al. (/2) recently reported the experience at the
Cleveland Clinic Foundation of autotransplantation for NHL using the Cy, carmustine
(BCNU), VP-16 (CBV) preparative regimen. Between 1988 and 1993, a total of 110
patients were studied, with a median follow-up of survivors of approx 4 yr (12). Included
in this analysis were 22 patients with low-grade NHL, and another 10 patients with
follicular large-cell NHL. Two-yr PES of follicular small-cleaved, follicular mixed,
and follicular large-cell, after autotransplantation, was 67, 67, and 40%, respectively.
The LDH at the time of transplant was the most important prognosis variable. Of
patients in CR 24 mo after transplantation with low-grade lymphoma, 70% remained
in CR with additional 2-5 yr follow-up. Overall, there was no difference in either OS
or PFS among patients with low-, intermediate-, or high-grade lymphoma.

Bierman et al. (33) recently reported a retrospective review of 100 patients undergoing
autotransplantation for follicular low-grade lymphoma from 1983 through 1993. With
a median follow-up of survivors of 2.6 yr, 48% were alive and failure-free, with an
OS rate of 67%. The number of CT regimens prior to transplantation was the most
significant variable associated with OS and FFS. Because all patients had either refrac-
tory or relapsed disease, the fact that a significant percentage of patients were alive
and failure-free, many years posttransplant, suggested that a long FFS was possible
following ABMT.

Vose et al. (34) recently reported a retrospective review of 289 patients treated with
HDCT ABMT/ASCT for large-cell lymphoma, from 1983 through 1986. With a median
follow-up of 24 mo for surviving patients, 39% were alive and 28% were failure-free.
In a multivariate analysis, several prognostic features were associated with a poor FFS,
including a diffuse histology at the time of transplant, compared with a follicular
histology of patients in the good prognosis category (normal LDH, less than three prior
CT regimens, nonbulky disease, and not CT-resistant). Those with diffuse large-cell
lymphoma had a 5-yr survival rate of 42%, compared with 58% for patients with
follicular large-cell lymphoma (p = 0.05), leading to the conclusion that, among patients
with favorable prognostic factors, patients with follicular large-cell lymphoma had a
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Table 2
ABMT for FL
Follow-up
Author Patients (yr) Results
Cervantes et al., 1995 (36) 34 35 5 yr OS 37%
32% resistant 2 yr probability of relapse
75%. Resistant disease
— | prognosis
Colombat et al., 1994 (37) 42 35 83% OS, 66% RFS
All PR or SR
Verdonck et al., 1997 (38) 18 Autologous (SR) 3.7 RFS 70% Allogeneic
10 Allogeneic (RR) 17% Autologous
Allo: 0% relapse — GVL
Weaver et al., 1998 (39) 49 3.6 55% OS 35% RFS
27% SR 54% relapse, median 9 mo

PR, partial response; SR, sensitive relapse; RR, resistant relapse; OS, overall survival; RFS, relapse-
free survival; GVE, graft-vs-host effect.

greater survival after ABMT than did those with diffuse large-cell lymphoma. The data
suggested that the prognosis of follicular large-cell lymphomas was such that a plateau
on the survival curve was apparent.

Freedman et al. (35) had reported a trial of 77 patients, age less than 55 yr, with
CD20* follicular NHL. Patients responding to CHOP were consolidated with ABMT
with monoclonal antibody purging. The 3-yr PFS was 63%, with an estimated OS at
3 yr at 89%. The vast majority of patients who relapsed did so in sites of prior disease.
Those patients who had successful bone marrow purging, with no detection of residual
lymphoma cells by polymerase chain reaction (PCR), had a better outcome than did
those who were PCR-positive.

Table 2 is a summary of other selective series reporting the results of autotransplanta-
tion for FL, with smaller series of patients. The Cervantes study (36) found that resistant
disease was associated with a poor prognosis, similar to that seen with transplant
outcomes for more aggressive histologies.

Taken as a whole, this data is similar to the overall clinical results of ABMT/ASCT
for immediate high-grade NHLs. Five-yr OS for patients with relapsed or resistant
disease is 25—-45% in most series: 30-40% have extended PFS, lasting 45 yr and beyond
(12,39,40). Whether a plateau in this survival curve is seen after autotransplantation for
FL is, currently, unknown. However, it is clearly apparent that the long PFS is achievable.

3.5. Commentary: Is Autotransplantation Underutilized for
Follicular NHL?

Approximately 57,000 new cases of NHL are detected annually in the United States,
with 35% representing FLs, for a total of approx 20,000 new cases of FLs annually.
The median age is 55 yr at diagnosis; approx 75% of patients are less than age 70 yr
at the time of diagnosis. If patients have a high IPI at the time of diagnosis, their
overall prognosis is dismal, and consideration of dose-intensive therapy clearly should
be entertained. No more than 5% of FLs present with poor IPI scores at diagnosis,
however. Patients receiving CT have a CR rate of 45-70%, and approx 12% of the
patients are refractory to CT. The median duration of CR is approx 1.6 yr; thus, approx
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35% of patients achieving a CR have one which lasts less than 1 yr. Approximately
35% of patients will achieve a PR to CT, and most of those will have a response lasting
less than 1 yr. Therefore, approx 2500 patients will either have poor IPI scores, or
have refractory disease to CT; another 2500 will have a CR lasting less than 1 yr; and
another 5000 will achieve a PR, the majority of whom will have a PR lasting less than
1 yr. Thus, based on variables at presentation, as well as on response to initial CT,
approx 10,000 patients annually will be less than 70 yr old, and will have poor survival
predicted by several prognostic variables, and, therefore, will be candidates for dose-
intensive therapy. These 10,000 patients with high-risk features at diagnosis have a
survival that is clearly less than 5 yr. No prospective randomized trial exists comparing
ABMT with conventional CT. Given that the results of ABMT for patients with relapsed/
refractory NHL show a 5-yr chance of continuous CR of 30-50%, the author believes
that such patients are clearly potential candidates for transplantation, because OS,
disease-free survival (DFS), and likely quality of life will be enhanced. Since results,
published to date, of transportation for FLs mimic those with intermediate-grade lympho-
mas, it is also likely that a subset of these patients will have a remission that lasts
indefinitely.

The decision to perform a BMT/SCT on patients with FL is not necessarily an issue
of the curative potential of transplantation. Rather, it involves the realistic application
of prognostic features of relatively young patients diagnosed with FL; it involves the
fact that the mortality of SCT is extraordinarily low; and it involves the fact that the
extended PFS is attainable in patients with relapsed and refractory FLs treated with
autotransplantation. There are very strong arguments in favor of dose-intensive therapy
for selective patients with FL, so this option is a viable one until future, novel, and,
hopefully, less-toxic therapies offer better results.

4. ASCT FOR HIGH-RISK NHL IN FIRST REMISSION

ABMT cures 25-45% of patients with relapsed/refractory NHL. Although encourag-
ing, these results are not optimal, because most patients relapse after autotransplantation.
Results of allo-BMT have shown superior efficacy when employed in first CR in
patients with acute leukemia, compared to transplant at relapse or in second CR. An
ability to predict patients destined to have a poor outcome might allow for a strategy
of ABMT in first remission, in an attempt to optimize the potential therapeutic benefits
of transplantation. Such a strategy relies on a reproducible ability to predict patients
destined to have a poor prognosis. Fortunately, the IPI is such a reproducible and
verifiable prognostic tool (21).

The age-adjusted IPI stratifies patients into four prognostic categories, based on the
presence or absence of three identifying variables: serum LDH level (normal vs high),
performance status (ECOG 0-1 vs 2-4), and tumor stage (Ann Arbor staging 1-2 vs
3—4). Those with zero risk factors were classified as low-risk; those with one risk factor
as low-intermediate; those with two risk factors as high-intermediate; and those with
three risk factors as high-risk. Five-yr survival rates for the three groups showed that
those with low-risk factors had an 83% 5-yr survival rate; low-intermediate had a 69%
S-yr survival rate; and intermediate-high and high had 46 and 32% S5-yr survival
rates, respectively.

Once one identifies patients with a poor IPI risk, the next issue is testing ABMT in
first remission, attempting to improve a patient’s otherwise poor prognosis. Several
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studies have recently been published in which high-risk NHL patients were treated
with ABMT as part of an initial treatment plan. Vitolo et al. (4/) examined a group
of patients with high-risk diffuse large-cell lymphoma, as defined by either an elevated
LDH coupled with high tumor burden, or those with stage IV disease with bone marrow
involvement. Historically, this group of patients was found to have 3-yr survival rates
of 29%, when treated with conventional CT. Fifty patients with high-risk diffuse large-
cell lymphoma were treated with 8 wk adriamycin-based CT regimen; intensified with
a 3-d course of mitoxantrone, high-dose cytosine arabinoside, and dexamethasone;
PBPCs were then collected, and the patients were treated with high-dose CT consisting
of BCNU, etoposide, cytosine arabinoside, and melphalan, and ASCT. Seventy-two
percent achieved a CR, and 3-yr survival rates were 66%, which compared favorably
to the 29% found with similarly matched historical controlled patients.

Pettengell et al. (42) studied patients with high-intermediate or high IPI scores.
Thirty-four patients were treated with conventional CT, and compared with 33 patients
treated with conventional therapy, followed by busulfan, Cy, and ASCT. Two-yr event-
free survival was 61% for the patients receiving transplantation vs 35% (p = 0.01),
and OS was 64 vs 35% (p = 0.01). Two SCT patients died of veno-oclusive disease.
The authors concluded that the early consolidation with autotransplantation was appro-
priate for patients with high-risk NHL.

Haioun et al. (43) reported a large randomized trial comparing HDCT and autotrans-
plantation with a preparative regimen of CBV vs a consolidation scheme of Cy, VP-
16, L-asparaginase, cytarabine, and methotrexate, in intensified but nontransplant doses
for patients with intermediate- or high-grade NHL, achieving a CR to conventional
therapy. Thus, this was a study comparing two different consolidative strategies, after
patients had already achieved a CR. A retrospective review of those with high-
intermediate or high-risk patients, based on the IPI, revealed that autotransplantation
resulted in superior 5-yr DFS rates, compared with the other consolidative regimen
(59 vs 39%, p = 0.01). Those authors (43) concluded that dose-intensive therapy,
including ASCT, should be considered for patients at high-risk who achieve a CR after
standard therapy.

The City of Hope Medical Center and Stanford transplant groups published another
pilot study (44) of ASCT for NHL patients with high-intermediate or high-risk IPI
scores. Fifty-two patients received autotransplantation: 39 transplanted in first CR, and
13 in PR, after conventional therapy. The preparative regimen was total body radiation,
etoposide, and Cy. Three-yr OS rate was 84%; patients with intermediate-grade and
immunoblastic lymphoma achieved 3-yr DFS rates of 89% for high-risk patients and
92% for high-intermediate-risk patients. Those authors felt that these results compared
favorably to historical data in these high-risk patients, and that ASCT should be
considered for such patients.

Gianni et al. (45) have reported a prospective, randomized trial comparing ASCT
vs standard CT in patients with diffuse large-cell lymphoma or diffuse large-cell
immunoblastic lymphoma. The patients were not necessarily defined as high-risk:
Eligibility included bulky stage I or II disease, stage III, or stage IV. Patients were
randomized to receive standard CT vs standard CT plus ASCT. The preparative regimen
was either total body radiation plus melphalan, or high-dose mitoxantrone plus melpha-
lan. The patients receiving autotransplantation had a 96% response rate vs 70% in the
conventional CT group (p = 0.001). With 7-yr follow-up, freedom from progression
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was 84% for those receiving transplantation vs 49% for conventional CT (p < 0.001).
Of 50 patients treated with conventional CT, 23 either did not respond or relapsed.
Fourteen (61%) were able to receive HDCT and ASCT at a later date; of those 14,
four (29%) achieved a continuous CR.

4.1. Is Autotransplantation for High-Risk
Intermediate/High-Grade NHL Underutilized?

All of these studies have been published within the past 3 yr. Traditionally, the
strategic approach for patients with intermediate- and high-grade NHL is to treat the
patients with standard CT; should the patient subsequently relapse, attempt to salvage
them with autotransplantation at that time. These new data suggest an alternative
strategy, namely, identifying patients at high-risk at diagnosis, and employing autotrans-
plantation as part of the initial treatment plan. The question is, can one clearly say that
one strategy is superior to another? If one looks at 100 patients treated with each
strategy, the answer, in my opinion becomes clear. No conventional-dose CT has been
proven to be superior to CHOP (15), which cures 30% of all patients (low- and high-
risk) with diffuse large-cell NHL (16). Thus, it is generous to say that 30 of the original
100 patients with high-risk large-cell NHL will be cured with conventional CT. The
remaining 70 patients will either not respond to CHOP, or will later relapse. Not all
of these patients will ever come to autotransplantation. In the Parma trial, a distinct
minority of patients, failing standard CT, ever came to autotransplantation. In the
Gianni trial, described above, 60% of patients, failing standard CT, later underwent
autotransplantation. A realistic estimate is that approx 50% of the 70 patients might
come to autotransplantation. Thus, 35 patients would later receive an autotransplant.
If one assumes that 40% of such patients would be cured, then an additional 14 (35
x 40%) would be salvaged with ASCT. This means a total of 44 of the original group
of 100 patients, using this treatment strategy, would be cured, and 56 patients would
die of their lymphoma. Alternatively, the study from the City of Hope for high-risk
patients revealed that 84% of patients treated with autotransplantation, as part of the
initial treatment strategy, were alive and disease-free (44), Pettengell et al. (43) showed
that 61% were alive and disease-free; and the randomized trial of Gianni et al. (45),
although it did not identify high-risk patients, found a 7-yr freedom from progression
rate of 84%. A conservative estimate of this treatment strategy would reveal that at
least 60% of patients would likely be cured, when employing autotransplantation as
part of the initial treatment strategy. Thus, 60/100 patients might be cured, compared
with 44 patients, using a strategy of autotransplantation for salvage.

In the absence of prospective randomized trials beyond that of Gianni, ABMT for
high-risk patients is a compelling option.

Forty-six percent of patients with intermediate- or high-grade NHL present with a
high-intermediate or high-IPI risk (21). Based on the analysis discussed in Subheading
2 of this chapter, of 57,000 new cases of NHL diagnosed in 1999, this means that
approx 10,000 patients will be less than 70 yr old, with either high-intermediate or
high-IPI risks at presentation. A treatment strategy of early transplantation for this high-
risk group increases the curative potential by approx 36%, which again demonstrates that,
potentially, thousands of patients could be cured of their lymphoma, if appropriate
utilization of transplantation was performed.
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5. SUMMARY AND COMMENTARY

Only approx 2000 autotransplants are performed in North America for NHL patients
annually, according to the statistical registry at the Autologous Blood and Marrow
Transplant Registry (46). Even if this registry captures only 50% of NHL transplants, the
author believes there are thousands more who should be transplanted in the United States.

In the field of medical oncology, nonsurgical curative therapies are rare. Most medical
oncologic therapy is palliative in nature. Autotransplantation for NHL is somewhat
unique, in that it not only offers the possibility of cure for some NHL patients who
would otherwise be incurable, but it also represents potential effective palliation of
disease, dramatically extending OS and DFS, as well as quality of life. The controversy
about autotransplantation in the United States for breast cancer, multiple myeloma,
autoimmune diseases, and other disorders, has, to some extent, been clouded by social,
economic, insurance, and political issues. The issue of autotransplantation for NHL is,
in the author’s opinion, a straightforward medical issue. Autotransplantation saves lives,
cures patients, and enhances OS and DFS. Perhaps, in the years to come, many more
NHL patients, who are appropriate candidates for transplantation, will be referred to
transplant centers, and therefore many more patients will be cured of their disease.
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1. INTRODUCTION

One of the most controversial areas in transplantation in the late 1990s has been the
use of autologous stem cell transplants for the management of advanced ovarian cancer
(OC). In some respects, this tumor has some of the best evidence in the solid tumor
field that dose intensity is important: This was made most clear with two recent positive
trials of regional high-dose chemotherapy (HDCT) by the intraperitoneal (ip) route
(1,2). The numbers of transplants are increasing rapidly in this country, but data
demonstrating their efficacy comes only from retrospective comparisons to conventional
therapy. Appropriately, this data has led to the development of a randomized national
four-member cooperative group National Cancer Institute (NCI)-sponsored trial, a trial
that is languishing, primarily because of a lack of support from physicians providing
the initial care of these patients.

As the controversy rages, a large percentage of women continue to die of this disease.
In fact, in 1999, OC will continue as the fourth leading cause of cancer death in women
raged 35-74 yr. There are currently 25,400 new cases of OC in the United States per
year, with an estimated 14,500 deaths (3). Despite the development of new strategies
for treatment, death from OC has continued at approximately the same rate over the
past three decades. Although some claim an improvement in overall survival (OS),
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compared to the early 1970s, this is mostly the result of improvements in optimal
debulking surgery at the time of diagnosis, and the successful treatment of germ cell
and stromal tumors, which are now associated with a high cure rate.

Indeed, there have been no significant changes in the number of deaths in epithelial
OC in the approx 60% of women presenting with advanced disease secondary to the
early development of drug resistance. Because the majority of these women presenting
with advanced disease will relapse and eventually succumb to their disease, innovative
methods need to be developed to increase the odds of long-term survival and possi-
ble cure.

There is, however, hope for the future. All recent data from conventional therapy
do suggest that improvements in survival may soon be seen. Yet, whether these treat-
ments will only delay an ultimate death, or lead to an improvement in cure rates,
remains unknown. With the introduction of paclitaxel and the use of aggressive upfront
CT, the number of patients completing initial therapy with either a pathologic complete
remission (CR) or with microscopic residual disease is increasing. These improvements
may be an appropriate platform upon which to build. New three-drug combinations,
such as topotecan, paclitaxel, and platinum (Pt), appear promising, as recently studied
in a phase I trial (4), in which an overall response rate of 86.7% was seen, albeit with
significant hematologic toxicity requiring growth factor support. A similar, aggressive
phase I/II study (5) was conducted by the NCI, investigating combination therapy with
paclitaxel, cisplatin, and cyclophosphamide (Cy). Unfortunately, although the results
were encouraging, with a clinical CR of 75% and a pathologic CR of 36%, the regimen
is felt by some to be too toxic, and has not been studied in a randomized trial.

Yet these and other studies strongly suggest that, like hematologic malignancies,
dose and dose intensity may be the most successful way to overcome drug resistance,
particularly for minimal residual disease. The rationale and evidence that dose-intensive
therapy is of value in OC comes from in vitro studies, clinical trials investigating
regional high-dose therapy (HDT), dose-intensive subablative CT, and systemic HDCT
with stem cell rescue (1,2,6,7,7a-7g,8).

2. IN VITRO TESTING

OC is a very chemosensitive disease, and several studies have demonstrated an
increased response rate with dose intensity of cisplatin and alkylating agents, both in
vitro and in vivo (6—7,9-11). Behrens et al. (10) demonstrated a dose—response relation-
ship for cisplatin in resistant cell lines, and others (/1) have demonstrated synergy of
alkylating agent combinations in vitro. Several agents with minimal activity in OC at
conventional doses were found to have activity at high doses in vitro. In particular,
mitoxantrone was shown to have an increased cell kill at increasing doses (6). Recently,
paclitaxel was found to have a dose-response relationship when tested in vitro, and is
now being incorporated into transplant regimens (12,13).

3. IP THERAPY

IP therapy is one of the strategies designed to overcome drug resistance by exploring
Pt dose-response in patients with OC. This approach provides clinical evidence to
support the use of systemic HDT with stem cell rescue. Studies have shown that using
cisplatin with this modality achieves an ip concentration that is 20-fold higher than
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Table 1
Optimal Initial Management of Stage III/IV Epithelial OC
Suboptimal III/IV Optimal 111
Study McGuire (61) Markman (2)
Regimen Paclitaxel (135 mg/m?) iv over 24 h + Cisplatin Carboplatin (AUC 9) x 2
(75 mg/m?) q 3 wks X 6 cycles Paclitaxel (135 mg/m?) iv
+ cisplatin (100 mg/m?)ip
q 3 wks X 6 cycles
PFS 18 mo 27.6 mo
(0N 38 mo 52.9 mo

PFS, progression-free survival; OS, overall survival.

when given via the intravenous route (/4). The modality, however, is limited to patients
with previous Pt-responsive disease with optimal tumor size (0.5 cm or less), and in
patients without significant adhesive disease, or extraperitoneal disease. It is estimated
that only one-third of patients are eligible for this therapy, secondary to these restrictions.
In a retrospective analysis conducted by Memorial Sloan-Kettering Cancer Center,
evaluating patients with persistent/recurrent disease, there was a 56% overall response
rate and a 33% CR rate to second-line ip cisplatin therapy in those patients who
previously responded to systemic cisplatin therapy (7c). Even though patients with
highly cisplatin-resistant disease received no added benefit from ip therapy, several
patients in their series responded to ip cisplatin, despite evidence that their disease had
not responded to systemic therapy previously. They concluded that approx 5-10% of
patients will become partially sensitive to the drug with the 10-20-fold increase in
concentration achieved in the ip compartment.

The benefit of using regional dose-intensive therapy as part of initial therapy was
demonstrated in a study reported by Alberts et al. (/). Patients with previously untreated
minimal-bulk stage III OC were randomized to ip cisplatin/iv Cy vs iv cisplatin/iv Cy.
Of the 546 patients included in the trial, median survival was 49 mo for the group
receiving ip cisplatin vs 41 mo for the iv cisplatin group. When a separate analysis
was done for patients with residual tumor <0.5 cm, median survival was 51 mo for ip
cisplatin vs 46 mo for iv cisplatin. The results of this study suggest that regional dose-
intensive therapy may play an important role as initial therapy, specifically in patients
with low-volume disease.

The clinical utility of using ip therapy as consolidation, in an attempt to improve
progression-free survival (PFS) and OS, was investigated by Markman et al. (2) in a
recent intergroup trial with the Gynecologic Oncology Group (GOG), Southwest Oncol-
ogy Group (SWOG), and Eastern Cooperative Oncology Group (ECOG), which also
included paclitaxel for patients with optimal stage III disease (2). This phase III trial
was conducted comparing iv cisplatin/iv paclitaxel vs iv carboplatin/iv paclitaxel and
ip cisplatin, in optimal residual OC. There was a total of 465 evaluable patients in the
study, with the experimental arm receiving <2 courses of ip cisplatin therapy. PFS was
significantly longer with ip therapy, but the OS was not. However, the median survival
for ip regimen was 52 mo, the longest documented for optimal stage III disease. The
results of this trial are promising, and studies are ongoing using paclitaxel for ip
therapy (15).
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4. SUBABLATIVE DOSE-INTENSITY STUDIES

Early attempts at dose intensity, at approximately twice the conventional dose of Pt
compounds, involved patients with refractory or end-stage disease. The in vitro data
predicting a higher response rate for dose-intensive therapy was validated in these
trials; however, no improvement was seen in PFS or OS, as compared to other available
therapies (16,17). Subsequent trials evaluated dose-intensive therapy before the onset
of drug resistance (i.e., at diagnosis), but most of these trials also had negative results
(18,19). The reasons are many, however, since the actual dose used was less than
planned because of unacceptable toxicity in most of these trials, and therefore was not
a true test of HDCT. Also, most of these trials included patients with bulky advanced
disease. Exceptions to those studies were two trials conducted in patients with small-
volume disease, which showed improvement in response rate and survival (20,21).

In the Scottish Ovarian Cancer Study Group, in which patients with minimal bulk
after surgery were treated, Cy was combined with cisplatin at a varying dose of 50
and 100 mg/m? (20). The response rate for the lower-dose arm was 34% vs 64% for
the high-dose arm. The high-dose arm had superior PFS and OS of 85 vs 41 wk and
114 vs 69 wk, respectively. However, these authors did not recommend HDT secondary
to significant toxicity. The second trial, by the Hong Kong Ovarian Carcinoma Study
Group, treated patients with Cy in combination with cisplatin, at a dose of either 60
or 120 mg/m? mostly in patients with small-volume disease (21). Of the low-dose
group, 30% had a clinical CR vs 55% in the high-dose group. The 3-yr survival rate
of the high-dose arm was 60% vs 30% for the low-dose arm. Although the toxicity
was significant in both studies, the higher response rate (RR) and increase in OS seen
in the high-dose arms suggest a possible advantage to transplantation.

5. HDT FOR RELAPSED/REFRACTORY DISEASE

Because the majority of patients with OC relapse, and, once relapsed, are incurable
with conventional CT, novel approaches such as HDCT were developed. Two groups
of patients have been described, depending on their duration of remission to Pt-based
therapy. Pt-resistant patients are those who progress during, or relapse within, 6 mo
of Pt therapy. These patients have a median survival of 10-12 mo with best-available
conventional therapy (22-25). PT-sensitive patients are those responding to Pt, or those
who relapse after an initial remission of 6 mo or longer. These patients have a median
survival of 16-20 mo with best-available conventional therapy.

Despite the introduction of a number of newer agents, such as topotecan, paclitaxel,
etoposide, and gemcitabine, used as salvage therapy for relapsed OC, the majority of
phase II studies have only demonstrated a 13—30% response rate (23). Although these
agents have activity in OC, and perhaps in combination, their use may lead to better
response rates, none have yet been shown to significantly prolong survival or, more
importantly, produce long-term disease-free survival (DFS). The initial HDCT phase
I trials that were conducted for a variety of tumors, including OC, did show high-
response rates for this disease (26—-36). However, response duration was particularly
short, on average, lasting approx 6 mo. In almost all trials, however, a few long-term
survivors were seen, even in those with Pt-refractory disease. In such a phase [ trial,
the authors’ group treated seven patients with OC with high-dose carboplatin (1500
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Table 2
Autotransplants for Persistent/Relapsed OC at Loyola: 10/89-2/96

Number transplanted 100
Median age, yr (range) 48 (23-64)
Initial stage of disease:

I 7

I 10

I 66

v 16

Unknown 1
Initial surgical response

Optimal 75

Suboptimal 25
Response to initial CT

Clinical CR 28

Pathologic CR 18

PR 30

Induction failure 19

Unknown 5
Median time from diagnosis to transplant (range) 18 (2-132)
Median number of pretransplant regimens (range) 2(1-4)
Pt-sensitive 34
Bulk <1 cm 39
Median PFS/OS (mo)

All patients 7.0/13.5

Pt-resistant 5.4/9.6

Pt-sensitive 12.2/23.1
Pt-sensitive + <1 cm 18.6/29.0

mg/m’® over 5 d), mitoxantrone (10-25 mg/m? X 3), and Cy (30-50 mg/m? x 3), and
six patients who responded did so for greater than 20 mo, including one patient who
failed induction CT, but who survived progression-free for greater than 2 yr (29). With
a number of trials documenting long-term survivors, a survey of bone marrow transplant
(BMT) programs across the country was conducted in 1992, to more carefully describe
this treatment modality (37). The report described 146 patients with relapsed/refractory
OC who were transplanted: 14% were disease-free at 1 yr. The survey also found that
those patients who were Pt-sensitive had a CR rate of 73% vs 34% for those who were
Pt-resistant. Subsequent trials would further validate the importance of having Pt-
responsive disease prior to transplant (38—40).

One such phase II trial of 30 patients (40) was conducted by this institution, and
included patients with both Pt-sensitive and -resistant disease. Patients received mitoxan-
trone (75 mg/m?), carboplatin (1500 mg/m?) and Cy (120 mg/m?), followed by autotrans-
plant. The overall response rate was 89%, with a CR of 88% in Pt-sensitive patients
vs 47% in Pt-resistant patients. For all 30 patients in the trial, the median survival was
29 mo, and the PFS was 10.1 mo in the Pt-sensitive group vs 5.1 mo in the Pt-
resistant group.

Holmberg et al. (39) subsequently treated 31 patients with the busulfan (12 mg/kg),
melphalan (100 mg/m?), and thiotepa (500 mg/m?) regimen, and found 11% of Pt-
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resistant patients to be progression-free at 18 mo vs 46% of Pt-sensitive patients. These
results suggest that Pt-resistant disease responds poorly to transplantation, and would
benefit instead from alternative conventional CT; those with Pt-sensitive disease appear
to do better than they would have if treated with conventional CT.

Two multivariate analyses, one conducted at Loyola University Medical Center (41),
and the other by the American Blood and Marrow Transplant Registry (ABMTR) (42),
specifically looked at pretransplant prognostic variables. At Loyola, a multivariate
analysis was performed on 100 consecutively treated patients, from 1989 to 1996. The
majority of patients were treated with carboplatin, mitoxantrone, and Cy, and the
remaining patients were treated with either melphalan and mitoxantrone, with or without
paclitaxel, or other regimens. Of the patients included in the study, 66% were Pt-
resistant, and 61% had tumor bulk >1 cm. Two or more CT regimens were used in
70% of patients prior to transplant.

In the multivariate analysis, age group, disease bulk > or <1 cm, and Pt sensitivity
were predictors of OS, with tumor bulk being more important than Pt sensitivity. The
best predictors of PFS were tumor bulk and Pt sensitivity, with tumor bulk again being
more important. The OS for Pt-sensitive patients was 23.1 mo vs 9.6 mo for Pt-resistant
patients. The PFS was 12.2 mo vs 5.4 mo in Pt-sensitive and Pt-resistant patients,
respectively. As stated above, tumor bulk was an important predictor of OS and PFS.
Among Pt-sensitive patients, those with tumor bulk <1 cm had a OS of 29 mo, vs 18
mo for those with tumor bulk >1 cm. Differences in OS, between those patients who
were debulked surgically, and those who received CT to achieve tumor bulk <1 cm,
were not statistically significant. Therefore, conclusions can be made from this analysis
of a large cohort that the best candidates for transplantation are those who are Pt-
sensitive, with <1 cm tumor bulk. Those patients who are Pt-resistant, with tumor bulk
>1 cm, clearly do not benefit from transplantation. Further follow-up of the Loyola
analysis (43) included a total of 164 patients, and this continued to show that Pt
sensitivity and tumor bulk <1 cm remained important prognostic factors.

The ABMTR also carried out a multivariate analysis of data on 421 women, collected
from 57 transplant centers, transplanted from 1989 to 1996 (42). PT-resistant disease
was documented in 41% of patients, and 38% had bulky disease. The analysis found
that age, performance status, Pt sensitivity, disease status at start of transplant, and
clear cell histology were important prognostic factors for PFS. All of the factors were
important, except for disease status at the time of transplant, in predicting OS. The
overall 2-yr PES and OS were 12 and 35%, respectively. Those patients with Pt-
sensitive disease in first relapse, second CR, or first PR, with low tumor bulk, had a
2-yr survival of 49%. Pt-resistant patients had a PFS and OS of 7 and 21%, respectively.
The survival rates seen in this study were lower than in the Loyola study, but Pt sensitivity
and low tumor bulk appeared to predict which patients would benefit from transplant.

There are no phase III randomized studies comparing transplant with conventional
CT for relapsed/refractory OC. This study will probably never be conducted, since
women with relapsed OC are incurable, and will ultimately die with conventional CT
alone. However, over the next several years, the ABMTR is planning on completing
a case-controlled study comparing conventional therapy with HDCT and hematopoietic
stem cell rescue. Until that time, women with relapsed OC after first remission have
few options. HDCT with hematopoietic stem cell rescue is a viable option, with accept-
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able toxicity for women who are Pt-sensitive with low tumor burden. It is this therapy
alone that provides a 15-20% 4-yr or more DFS.

6. HDCT AS CONSOLIDATION THERAPY
OF AN INITIAL REMISSION

Given the encouraging results obtained with HDCT for chemosensitive low-tumor-
bulk, persistent or relapsed OC, many investigators have looked at instituting transplan-
tation earlier in the course of the disease, i.e., after an initial remission. Today, conven-
tional therapy after initial debulking surgery involves treating the patient with a pacli-
taxel/Pt regimen. Although this regimen has increased PFS and OS, compared to
previous Cy/Pt regimens, up to 80% of these women will relapse. Alternatives tested
after initial CT is completed, such as additional debulking surgery or additional consoli-
dation CT, have uniformly not been of value in achieving a significantly higher cure rate.

There have been several phase II trials evaluating the use of HDCT as consolidation
of an initial remission (44—49). However, it is important to note that, in all of these
trials, Cy and cisplatin were used to induce remission. Therefore, direct comparisons
cannot be made regarding outcome between present conventional CT and HDCT used
as consolidation. However, given the better cytoreduction with paclitaxel/Pt regimens,
one could expect a greater benefit to high-dose consolidative therapy in this group of
patients. Legros et al. (45) was one of the largest trials that examined HDCT as part
of consolidation. The trial included patients with stage III and IV disease and poor
prognostic factors, such as bulky disease, initial suboptimal surgery, or positive second-
look laparotomy. Of the 53 patients undergoing therapy, all patients had a second-look
operation, except for five patients who had a clinical CR, and refused surgery. All
patients were treated initially with surgical debulking, followed by cisplatin-combination
CT. After a second-look procedure, they received either HDCT with high-dose melpha-
lan (140 mg/m?) or carboplatin (400 mg/m* d 1-4) and Cy (1.6 g/m* d 1-4). For those
patients with no macroscopic disease at second look, the DFS at 5 yr was 26.9%, with
a 5-yr OS of 71.2% and a median survival of 80.3 mo. The entire group, including
both those patients with macroscopic disease and those without, had a 5-yr OS of
59.9% and a DFS of 23.6%. Given that 5-yr OS for stage III and IV disease is approx
20% for those treated with Cy and Pt as initial therapy, HDCT as consolidation appears
very promising. Other smaller trials revealed similar improvements in DFS and OS,
compared to conventional therapy. Dauplet et al. (44) administered melphalan (140
mg/m?®) to 12/14 patients who had positive findings at second-look operation, 12 of
whom had minimal-to-no residual disease and two patients with macroscopic disease.
The 3-yr survival rate was 64%, and the 3-yr DFS was 33%. There were no treatment-
related deaths. Mulder et al. (50) administered Cy (7 g/m?) with etoposide (1 g/m?) to
11 patients with residual disease after initial tumor debulking and CT. Eight of the 11
had optimal stage III disease. Of the 11 patients, six achieved a CR, with two patients
remaining in CR for 43 and 75 mo. As seen in other trials for relapsed disease, the
patients who seemed to benefit were those with minimal tumor bulk. Extra et al. (47)
treated 37 patients who had received a median number of six courses of cisplatin-based
CT. All but one had a second look, with eight patients having a pathologic CR. High-
dose Cy (2.2 g/m*d x 2), with abdominal pelvic radiation (5 Gy x 2), was given in
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Table 3
Transplant as Consolidation Therapy of Initial Remission in Patients
with Advanced OC: Combined French Retrospective Analysis 1998¢

Optimal stage 111 Suboptimal stage III/IV
(mo) (mo)
Conventional therapy 40-50 20-24
Transplant 65 39

Conventional therapy outcome using conventional therapy with Pt and Cy, which was used as the
induction regimen in these studies.
“Median survival from diagnosis.

17 patients, melphalan (140 mg/m?) in three patients, and carboplatin (600-1500 mg/
m?) in 14 patients. The median OS was 47 mo from diagnosis. In a retrospective
analysis of five French transplant centers, with patients receiving melphalan (140-240
mg/m?), Viens et al. (46) studied 35 patients, 10 of whom had tumor bulk <2 cm, and
nine who had pathologic CR prior to transplant. A total of 6/9 patients, with a pathologic
CR prior to transplant, were alive and without evidence of disease at a median follow-
up of 23 mo. Of the 10 patients with macroscopic disease, there were three alive and
without evidence of disease at the same follow-up time.

A recent retrospective study of six French centers (49) analyzed the outcome of 181
patients who underwent transplants as consolidation therapy of an initial remission,
induced by Pt/CY-based CT. The patients treated had either stage III (76%) or stage
IV (24%) disease at diagnosis, with, again, the majority (164 patients) undergoing a
second-look procedure prior to transplant. A total of 10 different regimens were used
among the six centers, with the most-used regimen being high-dose Cy (1500 mg/m?/
d x 4) with carboplatin (400 mg/m*d x 4). The 5-yr projected survival was 36%, with
a PFS of 23% at a median follow-up of 38 mo. Median survival for the entire group
was 46 mo from diagnosis, with 43% alive at 5 yr. The 5-yr survival from diagnosis
for the 55% of patients who had suboptimal disease was 25%, longer than the expected
5-yr survival of 15-20% for patients treated with the same initial conventional CT.
The 5-yr survival from diagnosis for those with optimal stage III disease was 51%,
again, longer than the anticipated 5-yr survival of 40-45% for conventional therapy
with Cy and Pt.

These data certainly suggest a benefit to transplant for patients with stage III and
IV disease. Obviously, the above studies treated a select group of typically younger
women with advanced OC, compared to those seen in everyday practice. However,
with the recent data of Duska et al. (5/) demonstrating no difference in survival of
women with advanced disease in the reproductive age group, once borderline tumors
were excluded, there may indeed be a benefit to transplant when used as consolida-
tion therapy.

The only way to validate these results is to conduct randomized trials. Several trials
are underway worldwide, including a U.S. NCI-sponsored trial activated through the
GOG, SWOG, ECOG, and Cancer and Leukemia Group B (CALGB). The trial includes
patients with stage III/IV suboptimal disease, who are randomized to receive a single
transplant or six cycles of conventional-dose paclitaxel and carboplatin after the docu-



Autotransplants for Advanced OC 185

mentation of a clinical CR to initial CT. Patients with optimal stage III disease are
also eligible only if they have microscopic residual disease.

Unfortunately, the trial, which was expected to take 5 yr, is not currently meeting
accrual goals. In discussions at the BMT committees of the major cooperative groups
(SWOG, CALGB, ECOG), the universal finding is a lack of referrals by gynecologic
oncologists. The reasons appear obscure, with many feeling that the therapy is either
too toxic or ineffective, despite the above data. They will now probably point to the
negative data from the breast cancer transplant studies, to be presented at the 1999
American Society of Clinical Oncology (ASCO) meeting, which, for early-stage disease,
is being presented too early to draw firm conclusions.

In addition, OC appears to be more chemosensitive than breast cancer. One need
only consider the DFS of a breast cancer patient with >10 lymph nodes found at
diagnosis, who is without disease at the time of adjuvant CT, who has approximately
the same 5-yr survival as a suboptimal stage III OC patient and who is left with a
significant tumor burden at the completion of her initial surgical procedure.

There are, however, BMT centers transplanting these patients on local, pilot studies,
with poorly described end points, patient-selection biases, and toxic deaths, which will
answer no appropriate scientific questions.

7. HDCT AS INITIAL THERAPY

Attempts have been made to institute HDCT even earlier in the course of the disease,
usually after a short course of conventional CT, or as multiple cycles of dose-intensive
therapy with stem cell support (52—-60). Benedetti-Panici et al. (53) conducted one of
the largest trials to date, transplanting 35 patients after 2—4 cycles of standard dose
Cy and cisplatin. Patients were treated with high-dose cisplatin (100 mg/m?), carboplatin
(1800 mg/m?), and etoposide (1800 mg/m?), or with carboplatin (1200 mg/m?), etoposide
(900 mg/m?), and melphalan (100 mg/m?). After primary cytoreduction, 79% had disease
bulk <2 cm, but none had microscopic residual disease. The 24 patients who completed
all of the CT cycles, and who underwent a second-look procedure, had a pathologic
CR rate of 42%. In a smaller trial, Palmer et al. (55) treated 10 patients with five cycles
of paclitaxel and cisplatin, followed by high-dose melphalan (140-160 mg/m?), with
or without mitoxantrone (30-60 mg/m?). Five/7 completing all therapy, and a second-
look procedure, had a pathologic CR.

Multiple cycles of dose-intensive therapy with stem cell support have been used as
another strategy for initial therapy (56—-60). The rationale for this strategy is the rapid
development of drug resistance in this disease, and the Norton-Simon hypothesis, in
which rapid alternating cycles of CT are theoretically better at eliminating chemosensi-
tive tumors. The doses used in these trials are approximately twice the standard conven-
tional dose used, but the dose intensity (dose/m?* divided by time in weeks) is increased
4-5-fold. Fennelly et al. treated 27 evaluable patients with two courses of high-dose
Cy (3.0 g/m?), and then four courses of combination carboplatin (1000 mg/m?) plus
Cy (1500 mg/m?), administered at approx 14-d intervals (56). Among the 27 patients,
there were five pathologically documented CRs and 16 partial responses. The five
patients in pathologic CR continued to be free of disease 15+, 15+, 16+, 16+, and 25+
mo after completion of therapy, and all had optimal stage III disease at diagnosis.
Overall, 22 patients were alive at a median follow-up of 20.8 mo.
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In a follow-up trial by the same group, 16 patients were treated with two cycles of
escalating doses of paclitaxel, with Cy for cytoreduction and mobilization of hematopoi-
etic stem cells, which were subsequently collected by apheresis, followed by four cycles
of intensive carboplatin (1000 mg/m?) and Cy (1500 mg/m?) and peripheral stem cell
rescue (58). Of the 13 patients who were assessable for response, 38.5% had a pathologic
CR, again, however, exclusively in patients with optimal stage III disease at diagnosis.

As a result of this promising single-institution pilot data, a multicenter pilot study
sponsored by the GOG, was conducted, with a modification of the Fennelly regimen
for patients with optimal stage III disease (60). Patients received a single cycle of Cy
(3000 mg/m?) and paclitaxel (300 mg/m?), followed by stem cell collection, and then
four cycles of carboplatin (area-under-the-curve 15) and paclitaxel (250 mg/m?), and
a single course of melphalan (140 mg/m?), with stem cell support. Unfortunately, of
nine patients in this study, only one had a pathologic CR at second-look laparotomy,
vs an anticipated four patients (R. Schilder, personal communication). Overall, the results
of this dose-dense trial have been disappointing, although additional trials incorporating
topotecan are in progress.

Given that, treating patiently initially with HDT, one would be treating patients with
de novo Pt resistance, it is not surprising that some patients will have residual disease
at completion of therapy. The logical alternative would be to treat only those patients
who respond to a brief course of conventional therapy, i.e., those with a normal exam
and normal CA125 after two cycles of CT.

8. CONCLUSIONS

Advanced OC presently has a 5-yr survival of approx 20-25%, despite recent
advances in debulking surgery techniques and CT regimens. HDCT with stem cell
rescue offers a viable option to palliative CT for women with relapsed OC. With
advances in supportive care and increased experience with transplantation regimens,
patients appear to tolerate HDCT with acceptable toxicity, and centers are beginning
to perform these procedures on an outpatient basis. Initial trials using HDT as consolida-
tion of an initial remission have been promising, but need to be verified by prospective,
randomized phase III trials. Only patients being entered on such trials should be
transplanted in the consolidation setting. Currently, multicycle HDT is not recommended
as initial therapy, given the results of the recently completed GOG trial, except as part
of an exploratory pilot study program with defined outcomes (60). Progress will only
be made in this disease through continual exploration of newer agents and combinations
for first-line therapy, and actively enrolling patients in phase III studies at all stages
of this disease, when available.
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1. INTRODUCTION

Breast cancer (BC) remains a common life-threatening condition that has undergone
extensive scientific and clinical investigation over the past two decades. Despite expand-
ing knowledge of genetics, prognostic factors, and biology, as well as advances in
surgical management, adjuvant chemotherapy (CT), and radiotherapy, many women
will die from progressive, metastatic breast cancer (MBC). Over the past 10 yr, many
investigators have studied the role of high-dose chemotherapy (HDCT) with hematopoi-
etic stem cell support. Many phase II high-dose regimens have been explored, and,
recently, some small randomized clinical trials have been undertaken. Despite this
interest, questions remain concerning the exact role of this modality in therapy for BC.
The development, rationale, and results of this modality are reviewed here, and the
appropriate timing of applying this therapy in the treatment of MBC are addressed.

2. EXPERIMENTAL RATIONALE

Dose-response is the key concept underlying HDCT programs. Laboratory studies
in tumor cell lines have demonstrated that the amount of tumor cell killing can be
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related to the dose of chemotherapeutic agent. For small increments in the dose of
certain agents, logarithmic tumor cell killing can occur. This is a steep dose—response
effect. Investigators have shown that alkylating agents, such as cyclophosphamide (Cy),
thiotepa, and melphalan, exhibit this steep dose—response effect in cultured BC cell
models (I). In addition, the combination of alkylating agents in these models has
synergistic effects on tumor cell killing (2). However, other factors can influence this
dose-response effect in the clinical setting. These include the type of chemotherapeutic
agent utilized, the schedule of administration, and such intrinsic tumor factors as tumor
cell type, tumor growth kinetics, tumor volume, and emergence of drug resistance (3).

The characteristics of antineoplastic agents that would be optimal for high-dose
therapy (HDT) or dose-intensive therapy are demonstration of a steep dose—response
curve, myelosuppression as major dose-limiting toxicity, lack of crossresistance, and
minimal long-term toxicity. Alkylating agents fit many of these characteristics, and
have emerged as the cornerstones of HDCT regimens in BC trials.

3. CLINICAL RATIONALE

Clinical studies of dose intensity with standard regimens have shown a correlation
of dose with response. Retrospective and prospective clinical studies in advanced BC
have shown improved response rates in patients receiving higher-dose intensity (4).
However, improvement in overall survival was not satisfactorily demonstrated in this
experience. These observations prompted the use of HDCT with autologous stem
cell rescue (ASCR) (initially bone marrow, now primarily mobilized peripheral blood
progenitor or stem cells) in the metastatic disease setting.

Early clinical experience in the mid-1980s consisted of phase I HDT with ASCR
trials in solid tumors. Many of these patients had refractory BC. Both single agents,
as well as combinations, were explored (5-10). The notable result was high response
rates, including complete responses (CRs) in refractory patients, although these
responses were of short duration. As with conventional therapy, combination therapy
appeared superior. These encouraging results led to the development of the treatment
strategies that are discussed below.

As this therapeutic modality has become increasingly available and safer, through
the use of hematopoietic growth factors and peripheral blood stem cell rescue, many
patients have been treated. Current Autologous Blood and Marrow Transplant Registry
(ABMTR) data has shown the growth in utilization of this modality since 1989 (11).
BC is now the leading indication for a stem cell transplant. Many of these patients are
not treated on investigational protocols, limiting the ability to adequately assess this
therapy in the BC armamentarium.

4. TREATMENT STRATEGIES

Over the years, based on the above results, two distinct treatment strategies emerged
in MBC, to allow utilization of HDT with ASCR earlier in the disease course, before
exposure to multiple CT agents (Table 1). The most-investigated strategies involved
initial or upfront HDT in untreated disease, or intensification or consolidation with
HDT in CT-responsive or -sensitive disease. More recently, application of HDT with
ASCR, at the time of first relapse after conventional CT, has been proposed and
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Table 1
Treatment Strategies in MBC

1. Initial up-front HDT in untreated patients.
2. Intensification or consolidation in CT-responsive or -sensitive disease.
3. Treatment of first relapse after conventional therapy.

examined with seemingly contradictory results. Thus, the question of optimal timing
of this modality in the treatment of MBC has arisen.

These strategies are also based on models of tumor cell growth. One model proposes
that, for a tumor system, a constant fraction of cells are killed per given dose of drug:
This is the log cell kill hypothesis of Skipper and Schabel (12). The other model
postulates that tumor growth follows Gompertzian kinetics: Thus, tumor doubling time
decreases with increasing tumor size (13,14). This Norton-Simon hypothesis suggests
that tumor cell growth slows with increasing size, but reduction in size can lead to
rapid regrowth. Thus, a single treatment will not be effective. So, in order to eradicate
clinically apparent metastatic disease, one needs a regimen that will produce a high
initial cytoreduction, or CR rate, followed by additional therapy after CR is obtained
as consolidation. This therapy should be delivered rapidly and repeatedly after a CR
is obtained, to prevent the rapid regrowth predicted by the Norton-Simon hypothesis.

As mentioned previously, drug resistance can exist and/or be induced in tumor cells.
The precise mechanisms for this are not fully understood, although several factors have
been postulated. However, clinically, one approach utilized has been to design regimens
with alternating noncrossresistant combinations. This is based on the Goldie-Coldman
hypothesis (15). Thus, multiple or sequential courses of therapy, either HDT or combina-
tions of conventional and HDT, may be needed to eradicate MBC.

5. INITIAL THERAPY IN UNTREATED BC

In theory, upfront or initial HDCT with ASCR could limit the emergence of drug-
resistant tumor cell clones. However, the treatment of bulky tumors may be ineffective
if Gompertzian kinetics occurs. Thus, multiple sequential high-dose regimens may
be necessary.

Nevertheless, clinical results of single high-dose regimens have demonstrated some
effectiveness. Peters et al. (16), with a combination of Cy, cisplatin, and carmustine,
with autologous bone marrow rescue in 22 premenopausal, estrogen-receptor-negative
patients, achieved a response rate of 77%, with 54% CRs after one cycle. Three of
these 22 women remain alive and disease-free. Bezwoda et al. (17) demonstrated the
superiority of an initial double or tandem HDT with ASCR approach, compared to
conventional combination CT. This small study of 90 women with MBC randomized
them to initial therapy of two cycles of high-dose Cy, mitoxantrone, and etoposide
with ASCR in rapid succession, or to conventional cycles of Cy, mitoxantrone, and
vincristine for 6 cycles. The CR rate was significantly higher in the double-high-dose
arm, compared to conventional therapy. CRs were even obtained in patients with hepatic
metastases. Duration of response and survival were also better in the double-high-dose
arm. However, the median survival in the double-high-dose arm was 21 mo, which is
historically similar in patients with MBC treated with conventional anthracycline-based
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regimens (/8). Bezwoda has reported that those patients who are alive and disease-
free for more than 3 yr were those patients who were in CR after their first cycle of
HDT, and subsequently received their second cycle (19). This would favor treatment
approaches that address Gompertzian tumor kinetics and the Norton-Simon hypothesis.

6. INTENSIFICATION THERAPY IN CT-SENSITIVE DISEASE

A more common approach has been to treat patients initially with a standard-induction
CT regimen; then, those patients without evidence of progression, or with a partial or
CR to this therapy, would undergo high-dose intensification or consolidation with
ASCR. In theory, this approach cytoreduces tumor bulk, and allows treatment in a
minimal disease state. If Gompertzian kinetics is in action, this will allow treatment
at a time when tumor cells may be more susceptible to certain CT agents, i.e., during
DNA synthesis and regrowth. The HDCT regimen, if noncrossresistant with the induc-
tion CT regimen, may reduce or eliminate drug resistance.

Numerous clinical trials, examining this approach, have been performed over the
years. These have been superbly reviewed and summarized elsewhere (20), and thus
will not be presented in detail here. These studies have shown high response rates of
between 70 and 100%, with 35-60% CRs, but the overall survivals and response
durations appear no better than historical controls. Only approx 15% of patients have
durable responses beyond 5 yr. In fact, the group from MD Anderson Cancer Center
has shown that, if one utilizes the same selection criteria as in HDCT trials, the same
long-term survival rates can be seen in women with MBC treated with conventional
doxorubicin-containing regimens without HDCT consolidation (21).

Several important points need to be noted. Many investigators, including the ABMTR,
have examined outcome as a function of response to induction therapy. Patients with
responsive disease, particularly those in CR prior to HDT, clearly have a longer disease-
free survival than nonresponsive patients (11,20). This further corroborates approaches
that are based on the Norton-Simon hypothesis.

There has been an attempt to build on this by utilizing tandem or double-HDT with
ASCR after the induction CT regimen. The agents used in these programs are primarily
alkylating agents, as well as, occasionally, platinum compounds, mitoxantrone, and
etoposide. Several hundred women have been treated in this fashion, and reported on
in the literature (22-25). The results do not appear to be superior, in terms of disease
control, to a single HDT with ASCR after induction CT. In some instances, there
appeared to be more toxicity. As newer noncrossresistant agents with nonoverlapping
toxicities to alkylating agents, such as the taxanes, become available, further work on
the rational design of these programs can continue.

7. HDCT WITH ASCR AT FIRST RELAPSE

There has been one randomized study reported in preliminary form, with intriguing
results, adding to the question of when is the appropriate timing for HDT with ASCR
in the course of treatment for MBC (26). Over 400 women, CT-naive and hormone-
insensitive, underwent induction CT with a doxorubicin-based regimen. Ninety-eight
achieved a CR, and were randomized to receive either HDCT with ASCR or observation
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Table 2

Summary of Current Outcomes
Disease status prior to HDT Survival at 5-yr after therapy
Untreated; initial 15-20%
Refractory Rare
PR to cytoreductive therapy 5-10%
CR to cytoreductive therapy 25-40%
First relapse’ 40%

“Based on one study.

with HDCT with ASCR at the time of relapse. Disease-free survival was significantly
longer in the group receiving immediate HDT, but median overall survival was shorter.

This further illustrates the point that timing of therapy along the tumor cell growth
curve is clinically relevant and important. As patients with metastatic disease achieve
CRs with induction therapy and/or a single HDT cycle, sufficient unmeasurable tumor
burden remains. Additional therapy to eradicate this tumor burden is necessary. Kineti-
cally, further noncrossresistant CT programs can be devised, and timing of administra-
tion can be further studied.

8. REASONS FOR FAILURE

Despite the aggressive use of CT with ASCR, the majority of women with MBC
eventually relapse and die (see Table 2 for summary). The reasons are primarily twofold:
Minimal residual disease remains and regrows, and reinfusion of a stem cell autograft
contaminated with BC cells, which can lead to tumor implants.

Eliminating minimal residual disease is a major obstacle. The studies and results
discussed above show how difficult it is, despite the use of high-dose regimens. Even
adding two or more high-dose regimens has not yet improved results. More is not
necessarily better. Perhaps further investigations, utilizing newer, more active agents,
such as the taxanes, and exploiting the kinetic considerations of the Norton-Simon
hypothesis, may further improve results. An optimal high-dose regimen has not been
devised. However, newer non-CT approaches may have to be added after HDT with
ASCR. These may include manipulation of the patients’ immune system posttransplant
with activated immune effector cells, dendritic cell vaccines, or immune stimulants,
such as interleukin-2 or -12. Patients with Her-2/neu-positive tumors may benefit from
infusions of the monoclonal antibody, herceptin.

Additionally, there is indirect evidence that reinfused tumor cells can contribute to
relapse after HDT with ASCR (27-29). This can occur in peripheral blood stem cell
grafts, as well as bone marrow. To minimize or avoid this problem, investigators have
studied methods of purging BC cells from these autografts, including positive selection
of the CD34-positive stem cell, and negative selection processes, which involve CT
or monoclonal antibodies. No technique has been shown to eliminate all contaminating
tumor cells. To date, no investigator has found a survival superior to historical patients
utilizing purged or selected stem cells as hematopoietic rescue after HDCT (30).
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9. CONCLUSION: CAN WE DESIGN A
MORE EFFECTIVE APPROACH?

Despite the above considerations, approx 15-20% of women with MBC enjoy
prolonged disease-free survival after HDT with ASCR. This is particularly true for
those who are in CR before HDT. More effective approaches need to be investigated.
These will probably be multimodality approaches integrating newer, more active CT
agents with posttransplant immune therapy. More aggressive upfront induction regimens
are necessary to put a higher percentage of women in a clinical CR. Then, based on
the Norton-Simon hypothesis, multiple sequential courses of HDT, administered in
rapid succession, with stem cell support, can be utilized. These agents should be
noncrossresistant, with nonoverlapping, nonhematologic toxicities. To eliminate or
decrease tumor cell contamination, the stem cell product may need to be selected or
purified. Additionally, after hematologic and immunologic recovery from this therapy,
stimulation of the patient’s immune system to attack residual cancer cells will be
necessary to eradicate any remaining disease.

The next decade should be built on the results of the past 10 yr. This therapeutic
modality can be refined and improved. Once this is accomplished, large randomized
studies should be undertaken to further define the appropriate timing of HDT in MBC.
Every effort must be made to ensure adequate study design and patient accrual.
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Modern medicine has made great strides in the advancement of treatment strategies
for diseases that were once considered incurable. The treatment of the most aggressive
forms of breast cancer (BC), inflammatory breast cancer (IBC), has been included in
medicine’s quest for cure. Unfortunately, determining the optimal treatment program
for IBC is hampered by several characteristics of the disease, e.g., the rareness of the
disease, the lack of consistency in diagnostic criteria, and the inclusion of other stages
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Many studies include IBC with other locally advanced BCs (stage ITla, and stage
IV, by virtue of ipsilateral infraclavicular and supraclavicular lymph node involvement).
Untreated locally advanced BC may also develop secondary inflammatory changes,
which are often therapeutically grouped with primary IBC, yet are associated with a
more favorable prognosis (). For the author’s purpose, IBC is defined as stage IIIb
disease: a T4d BC, described by Haagensen as breast enlargement, erythema, warmth,
diffuse skin induration, and an erysipeloid ridge (2,3).

Pathologically, IBC may be defined as any invasive adenocarcinoma, with tumor
emboli present with dermal lymphatics. There are conflicting data concerning differences
in prognosis, depending on the definition of IBC: clinical characteristics without patho-
logic findings, pathologic findings without clinical characteristics (so-called “occult”
IBC), and presence of both clinical and pathologic findings concurrently. The 1975-1981
National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) data
suggest a worse prognosis associated with the presence of both pathologic and clinical
findings, but several studies do not confirm a difference in outcome (4—10). In general,
evidence suggests that either feature is associated with a poor overall survival (OS),
and should be treated as a single entity.

Data from the SEER program demonstrated the rareness of this disease. The incidence
of IBC is estimated to be approx 0.7-1.1 cases/100,000 persons/yr. This incidence is
underestimated, because the criteria of inclusion into the 1975--1992 SEER database
consisted of only those patients with the pathological manifestation of IBC, i.e., the
presence of invasion of breast dermal lymphatics with tumor emboli. Patients with
purely clinical manifestations of IBC (erythema, skin edema or peau d’orange, ridging
of the skin) were excluded from analysis (/7). Even when the broadest definition of
IBC is used (clinical and/or pathological), the incidence is low: Approximately 6.4%
of all BC diagnoses are inflammatory (4).

Although many innovative therapies have attempted to impact upon this disease’s
relentless course, survival statistics continue to demonstrate a worse prognosis associated
with IBC. Based on SEER data, the 3-yr survival is 42%, compared with 85% for non-
IBC (1988-1992 unadjusted rates) (11). These survival statistics underscore the need
for aggressive treatment strategies for IBC. The most promising innovative therapy
appears to be the application of dose-intensive chemotherapy (CT) with autologous
stem cell transplantation (ASCT). This chapter presents current data supporting a role
for ASCT for IBC, with the understanding that conclusive evidence is not available,
given the rarity of this disease, the difficulties in diagnosis, and the inclusion of other
types of locally advanced BC in the study population.

2. HISTORICAL PERSPECTIVE

2.1. Local Therapy: Radiation Therapy

As with non-IBC, primary treatment with either a simple or modified radical mastec-
tomy was initially used for IBC. The results were appalling: mean OS of 12-32 mo,
with less than 10% 5-yr survival rates (12,13). Based on these data, Haagensen deemed
IBC unresectable, and the primary therapeutic modality was changed to radiation
therapy (RT) (5). Excellent historical reviews of these studies are documented elsewhere
(12-16), and will only be summarized in this text. Unfortunately, RT alone, and
combined surgery and RT, offered no survival advantage, compared with surgery alone,
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Table 1
RT Vs Chemoradiation Therapy
Ref. N Treatment® Local recurrence (%) DFS (%) oS (%)
30 60 Radiation 53 16 28
91 Radiation/AVM 32 28 44
79 Radiation/AVCMF 31 46 66

?See Chapter Appendix.
b4-year follow-up.
DFS, disease-free survival; OS, overall survival.

having 5-yr OS rates of 0-28%, and 0-20%, respectively (12,13,17). Specific attention
must be given to the techniques used during RT for this disease. Most megavoltage
RT has a skin-sparing effect, which may be detrimental in the treatment of IBC, given
the diffuse involvement of dermal lymphatics with tumor emboli, and some evidence
that a brisk skin reaction is necessary to achieve adequate local disease control (18).
Several investigators (/9-22) have also noted a dose—response phenomenon between
RT to the breast and duration of local control. Disappointing outcomes associated with
RT alone may be linked to compromised treatment doses using less than 60 Gy to the
intact breast.

2.2. Addition of CT

In 1970, systemic CT began to be applied to the treatment of IBC (23,24). In the
paradigm of BC, micrometastatic disease existed at the time of diagnosis, and IBC was
associated with a high incidence of developing chemoresistant clones. CT was therefore
added to RT, in an attempt to eradicate micrometastatic cancer prior to the development
of resistance, and utilize clinical disease response as a marker for systemic chemorespon-
siveness. The reasons supporting this treatment approach are: Primary Ct (neoadjuvant)
allows greater tumor penetration prior to the development of RT-induced changes in
the vasculature of the tumor; CT results in downstaging of the tumor, resulting in better
local disease control; and alternating CT and RT allows for the application of full doses
of both treatment modalities (25-28).

Several studies compared primary RT with a combination of CT and radiation. The
European Organization for the Research and Treatment of Cancer used primary therapy
with RT as the standard arm in a four-arm randomized study published in 1989 (29),
and found a statistically significant delay in tumor recurrence, when local-regional RT
was given concurrently with cyclophosphamide (Cy), methotrexate, 5-fluorouracil (5-
FU) (CMF), CT and hormonal ablation. The major effect was a delay in local disease
recurrence among patients with locally advanced BC (13% IBC). The Institut Gustave-
Roussy (30) and Vanderbilt University Medical Center (21) demonstrated a survival
advantage when CT was combined with RT for IBC (Table 1). The difference in
outcomes may be caused by the administration of more effective CT, i.e., the use of
Adriamycin (Adr)-containing regimens, or the inclusion of larger numbers of patients
with IBC, rather than a subset of locally advanced disease. Regardless, CT contributed
to local disease control, and had a favorable impact on delaying metastasis, though the
prognosis for IBC remains grim (Table 2).
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Table 2
Neoadjuvant CT and RT Therapy
Ref. N Treatment® OR (%) Local Recurrence (yr) DFES (%) OS (%)
25,31 125 CMFAV/RT 82 27% (5) 50 38
32,33 14/43* ECPF/RT 86 NA (1) 56 76
26 67 VeTMFAP/RT 80 NA (2) 80 90
34 19 VIE/RT 84 58% (3) 52 63

“See Chapter Appendix.
*IBC/locally advanced BC
OR, overall disease response; RT, radiation therapy.

Table 3
Neoadjuvant CT Followed by Mastectomy
Ref. N Treatment” OR Local recurrence DFS oS
37 25 CF/S/CF 96% 23% (5 yr) 40% 45%

“See Chapter Appendix.

2.3. Local Therapy: Surgery

Primary CT resulted in adequate downstaging of patients initially deemed inoperable;
therefore, surgical resection was performed in an attempt to improve local disease
control without the need for RT. Early studies were feasibility trials, to see if simple
or modified radical mastectomy could be performed without excessive complications
following neoadjuvant CT (35). Eventually, these studies demonstrated a 10-25% local
recurrence rate, and a 50-70% 4-yr OS (6,27,36—-38). Several large randomized trials
found no difference in the disease-free survival (DFS), OS, or local disease recurrence
rate, when patients received mastectomy or RT following neoadjuvant CT (17,19,39-
41). However, there was a trend for fewer local recurrences in the surgical treatment
arm (7,40,41) (Table 3).

Investigators from Washington University School of Medicine examined their experi-
ence with IBC from an historical perspective, and found a significant improvement in
local disease control when RT and surgery were combined: 19% with surgery vs 70%
with RT alone. Patients who received all three treatment modalities fared the best: 35%
5-yr DFS, and 44% 5-yr OS (9). Pierce et al. (42) confirmed an advantage to combined
RT and surgery to RT alone, demonstrating a 23% local failure rate with RT vs a 5%
local failure rate with combined local treatment. Breast conservation was not adequate
surgical treatment, because of the multifocal character of IBC (42,43). These studies and
others (8,10,28,42,44,45) supported the combined modality approach to the treatment of
IBC using CT, RT, and surgery (Table 4). Future studies focused on determining the
optimal systemic therapy for IBC, because local treatment makes little or no impact
on survival.

2.4. Combined Modality: CT, Surgery, and RT

Beginning in the late 1970s, many different CT regimens were investigated, in an
attempt to significantly improve the high incidence of metastatic disease (Table 5).
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Table 4
CT and RT With or Without Surgery

Ref. N Treatment® F/U (yr) Local recurrence (%) DFS (%) OS (%)

45  72/87* RT/CMFV 3 NA 12 21
S/RT/CMFV NA 39 23

42  46/48®° CAMF/RT 5 23 42 61
CAMF/S/RT 5 46 46

9 107 CAF/RT 5 70 NA NA
CAF/RT/S 19 35 44

41* 106 FAC/RT/FAC 5 17 35 37
FACVP/S/FACVP/RT 13 41 48

*See Chapter Appendix.

’No. inflammatory BC/locally advanced BC.

bAlso described in refs. 18,46,47,49,54,26.

S, mastectomy (simple or modified radical); F/U, follow-up period.

Table 5
Combined Modality Treatment

Ref. N Treatment* OR (%) DFS oS

28 36 CFP/RT/S 86 24% (5 yr) 34% (5 yr)
7 21 ChMAF/S/ChMAF/RT 76 22 mo (av) 43 mo (med)
1 22/128"  FEC/S/RT/FEC 60 29 mo (med) 54 mo (med)
38 7/55° MVeACp./S/MveACp/RT 89 51% (5 yr) 63% (5 yr)
48 14/31° CACp./SICMF/RT 76 29 mo (med) 49 mo (med)
49 43 FAC/S/FAC/RT/CMF 88 48% (5 yr) 75% (5 yr)
50 31/71° A/CMF/S/RT/CMF 55 25% (5 yr) 48% (5 yr)
47 178 Four protocols: CT/RT/S/CT 74 28% (15 yr) 29% (15 yr)

“See Chapter Appendix.
®No. inflammatory BC/locally advanced BC.
med, median; av, average.

Unfortunately, no single approach or sequence of therapies has demonstrated significant
superiority. However, the majority of the studies presented are composed of a mixed
population of locally advanced BC, and the results may be difficult to interpret. The
longest follow-up of purely IBC patients is presented by Ueno et al. of MD Anderson
Cancer Center (47). Data is available on 178 patients treated on four protocols using
primary CT with an Adr-containing regimen, followed by local therapy (either RT,
surgery, or both), then adjuvant CT. This analysis presents 15-yr follow-up, in which
20% of the patients developed a local disease recurrence. Patients who received surgery
plus RT had lower incidence of local recurrence at 7 yr follow-up, compared with
those receiving RT alone: 16 vs 36% (51). The morbidity associated with RT was less
when patients received prior mastectomy. Therefore, combination local therapy, surgery
plus RT, is recommended, but it did not impact DFS or OS. The combined 15-yr DFS
was 28%, and the OS was 29%, suggesting that improvements in systemic therapy are
needed (47,51).
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Although combined-modality therapy has improved the outcome of IBC, DFS and
OS remain poor with the use of standard-dose CT. Some conclusions can be made
after a thorough review of these studies: Anthracycline use has prolonged the survival
of patients with IBC (52-54); the number of CT cycles does not appear to impact
survival (49); and dose intensity of CT appears to be associated with optimal disease
response (1,22,28,30,54,55). The best example of the benefit of anthracycline CT in
the treatment of IBC comes from the Roswell Park Cancer Institute (53). A historical
comparison of CMF and 5-FU, Adr, Cy as primary CT for IBC demonstrated a significant
improvement in response rate (57 vs 100%), which translated into an improved disease-
free interval with FAC (median 6 mo vs 24 mo), and an improved OS (median 18 vs
30 mo). Because the incorporation of Adr into the initial treatment of IBC has occurred
at many cancer centers, there are new data suggesting that the cuamulative dose of Adr
may also have an important effect on disease response (53,54).

3. DOSE INTENSITY USING STANDARD-DOSE CT

3.1. Non-IBC

Several studies have been performed examining dose intensity of CT and its effect
upon disease response among non-IBCs in both the metastatic and adjuvant setting.
Preclinical data demonstrate a steep dose—response curve for alkylating agents in BC
cell lines (56—58). These principles were applied in vivo, and assessed originally in
the metastatic setting. The dose intensity (dose of CT in mg/m?*wk) of CMF was found
to be important in the response of metastatic BC (59,60). Superior DFS was associated
with higher doses of adjuvant CMF among patients with non-IBC (61-63).

Initial experience with dose-intensive Adr, given with the cytoxan-Adr-5-FU (CAF)
regimen, did not support a dose—response relationship (64—-66). However, when Adr
was dose-escalated in conjunction with a 16-wk dose-intensive regimen, and compared
with standard CAF CT, the dose-intensive treatment arm was associated with a 4-yr
DFS of 68% vs 63% with standard-dose CAF (67,68). The Cancer and Leukemia Group
(CALG) confirmed the benefit of dose-intensive Adr administered by three dose levels of
adjuvant CAF for lymph-node-positive, non-IBC (69-71). Their data also demonstrated
improved DFS and OS with higher doses of CAF: 5-yr DFS of 66% vs 56% in the
low-dose arm. Subset analysis found an interaction between the presence of erbB-2
(HER-2/neu, or ERBB2) overexpression and disease response to CT dose intensity
(72). This finding may be important when the concept of dose intensity is applied to
IBC, because some studies show that erbB-2 overexpression does not convey the same
adverse prognosis as overexpression in non-IBC (73,74). These data may suggest that
IBC responds to dose-intensive CT, regardless of erbB-2 status; non-IBC may require
erbB-2 overexpression in order to exhibit a dose response.

The NSABP dose escalated Cy in conjunction with standard-dose Adr for lymph-
node-positive noninflammatory early stage BC (75,76). These data did not demonstrate
a dose-response effect. One reason may be that only Cy was dose-escalated, not Adr.
Ten-yr follow-up of a study by Bonadonna et al. (77) supports the importance of dose-
intensive Adr, rather than Cy. A superior DFS was demonstrated with sequential Adr
followed by CMF, compared with alternating CMF and Adr: 42 vs 28%, respectively.
This is thought to result from a higher dose intensity of Adr administered in the
sequential arm. BC growth kinetics may explain these clinical results. The Norton-
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Table 6
Effect of CT Dose on Survival in IBC
Ref. N Follow-up %Dose DFS oS
22 7 3yr <50 43% 43%
21 >50 71% 76%
1 26 mo (med) 60 20 mo 29 mo
24 75 NA 54 mo
24 100 35 mo NA

Simon hypothesis describes subclones of micrometastatic BC that develop patterns at
different rates (78). Therefore, optimal adjuvant therapy would include the early institu-
tion of effective CT directed against the faster-growing clone. The early administration
of dose-intensive therapy is an example of the application of this hypothesis (79).

3.2. Inflammatory BC

These concepts have also been applied to IBC. Several studies, beginning in 1988,
demonstrated that patients who receive compromised doses of neoadjuvant CT have a
significantly worse DFS and OS (1,22; Table 6). These data were used to promote
more intensive CT protocols administering treatment over a shorter duration, again
increasing the dose intensity of the CT (30,55,80). Twenty patients with IBC received
treatment, with other patients diagnosed with locally advanced BC on a 16-wk dose-
intensive protocol at the Johns Hopkins Oncology Center (80). The overall response
rate was 100%, and all patients were deemed operable after completing induction CT.
The 5-yr DFS and OS were 58 and 75%, respectively.

Evidence of microscopic disease or complete pathologic remission appears to be an
excellent prognostic indicator for prolonged DFS and OS (81-83). The Johns Hopkins
dose-intensive study (80) resulted in 29% of the patients without evidence of invasive
disease on pathologic evaluation; 49% had only microscopic foci of disease. This
excellent disease response from dose-intensive therapy is supported by Chevallier, et
al. (84) who treated 45 patients with IBC with high-dose 5-FU, epirubicin, Cy. The
96% disease response rate translates into a 26% pathologic complete remission, and a
56% incidence of microscopic disease alone.

4. HIGH-DOSE CT AND AUTOLOGOUS
BONE MARROW TRANSPLANTATION

4.1. Background

Based on preclinical data and in vivo responses with standard-dose CT, studies using
myeloablative doses of CT were applied to patients with highly pretreated BC. Details
describing the principles of this therapeutic approach are discussed elsewhere in this
book. In general, CT agents are chosen for dose intensification, based on the following
characteristics: having a steep dose—response curve, primary toxicity is hematologic
(myeloablative), combinations of drugs use different mechanisms of cell kill to avoid
crossresistance, and no long-term toxicity (85,86). Several preparative regimens have
been applied to BC (Table 7). The optimal combination CT regimen for the treatment
of BC has not been determined. (87).
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Table 7
CT Regimens Commonly Used in ABMT for BC

CT, Cy (6000 mg/m?) and thiotepa (800 mg/m?)

CBP, Cy (5625 mg/m?), carmustine (BCNU) (600 mg/m?), and cisplatin (165 mg/m?)
CTCb, Cy (6000 mg/m?), thiotepa (800 mg/m?), and carboplatin (1200 mg/m?)

ICE, ifosfamide (12 g/m?), carboplatin (1800 mg/m?), and etoposide (2000 mg/m?)
NT, mitoxantrone (50 mg/m?) and thiotepa (800 mg/m?)

CE, Cy (7 g/m?) and etoposide (1.5 g/m?)

Bu/Cy, Cy (120 mg/kg) and busulfan (16 mg/kg)

CMeN, Cy (120 mg/kg), mitoxantrone (36 mg/kg), and melphalan (140 mg/m?)

Approximate drug doses

The source of hematopoeitic progenitor cells used to reconstitute the ablated bone
marrow (BM) includes harvested BM and either CT or cytokine-mobilized peripheral
progenitor cells. Peripheral blood progenitor cells (PBPCs) are less contaminated with
neoplastic cells; therefore, the process of using PBPCs as the source of BM reconstitution
functions as a mechanism of cancer cell purging (85). Although the concept of BM
purging may not be as important to BC treatment outcome, other mechanisms of
purging, i.e., using monoclonal antibodies, and CD34 selection, are currently being
investigated (88-92).

The advent of supportive technologies, such as the empiric use of antibiotics and
antifungal agents, and the application of hematopoeitic cytokines (granulocyte and
granulocyte-macrophage colony-stimulating factor), have reduced the treatment-related
mortality of autologous bone marrow transplantation (ABMT) from 22 to 1% (93,94).
Supportive therapies have also reduced the common morbidity associated with nausea
and vomiting, mucositis, and diarrhea. Currently, the most common treatment-related
toxicity is interstitial pulmonary fibrosis, which occurs in approx 30-50% of patients,
and is usually reversible with a course of steroids (88,95-98). Other nonhematologic
toxicity are less common, e.g., veno-occlusive disease, hemolytic-uremic syndrome,
secondary leukemia or myelodysplasia, and cardiomyopathy (99,100). The duration of
hospitalization has been reduced by approx 50% with the application of PBPCs to
reconstitute BM and the widespread use of cytokines after BM or peripheral stem cell
infusion. The average duration of neutropenia is now 13 d, which translates to an
average hospital stay of 14-21 d (85,92).

The process of ABMT has been shown to be most effective in the setting of minimal
disease; therefore, patients with BC have traditionally received treatment with standard
doses of CT, until maximal tumor reduction, then the disease remission is consolidated
with dose-intensive CT and autologous BM rescue (88,93,101). Although this treatment
strategy is the most commonly used program for BC, theoretical concerns exist about
inducing drug resistance with standard-dose CT prior to undergoing ABMT. Several
excellent reviews of the treatment of metastastic BC with ABMT have been published
(58,85,86,98-90,92—94) and are thoroughly presented in Chapter 14. The largest analy-
sis includes data from the Autologous Blood and Marrow Transplant Registry, which
calculated a 3-yr DFS of 13-32% among 3451 women with metastatic BC, who
responded to standard-dose CT prior to receiving consolidation with high-dose CT
(HDCT) and ABMT (93).
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Table 8
ABMT in High-risk BC: Stage II/III with Four or More Positive Lymph Nodes

Ref. N +LN  Induction HDCT" BM/PSC F/U (yr) DFS (%) OS (%)

99 85 =210 CAFx4 CBP Both 25 72 71
97 67 =210 None CVMPL*  Both 5 57 70
104 19 27 Varied x 4 Bu/Cy BM 4 42 50¢
95 24 25 MFAVP x 6 CE or MT Both 5 84 NA
9% 54 24 ACx 4 CBP PSC 4 71 84
105 11 >8 AFM Varied Both 5 91 NA

4See Chapter Appendix.

bCyclophosphamide, methotrexate, melphalan, cisplatin, vincristine.
2.5 yr follow-up.

BM, bone marrow; PSC, peripheral stem (progenitor) cell.

4.2. Adjuvant Therapy of High-risk BC

The provocative response rates found among highly pretreated patients, combined
with the concept of increased efficacy with ABMT among patients with minimal disease,
made the application of ABMT to high-risk BC therapy a logical course of action. Of
course, the population of high-risk BC patients is a widely diverse group. Patients with
stage II or III BC, involving four or more axillary lymph nodes, are included, as are
patients with unresectable stage IIIb disease, and IBC. Because of the paucity of high-
risk BC patients involved in clinical trials with ABMT, the majority of studies include
all high-risk subtypes in the analysis, making conclusions about the treatment of one
group, or stage, difficult to interpret.

Several studies excluded patients with locally advanced or surgically unresectable
BC from participation in HDCT and ABMT clinical trials. This definition of high-risk
disease was based on pathologic assessment following primary treatment with surgery:
either breast conservation or modified radical mastectomy. Patients with four or more
axillary lymph nodes involved were eligible for participation in ABMT trials, based
on historical data giving these patients a 50-80% 5 yr relapse rate. All patients received
adjuvant CT in standard doses prior to consolidation with HDCT. BM reconstitution
was with either BM or PBPCs. The majority of patients also received post-ABMT
RT, which was found to reduce local-regional recurrences (102,103). The results are
encouraging, and lend support to the application of HDCT with ABMT to other high-
risk BC groups, such as IBC (95-97,99,104-106; Table 8).

Peters et al. (99) retrospectively compared his results of ABMT for patients with
10 or more positive lymph nodes with two CALGB adjuvant therapy trials. After a
median follow-up of 2.5 yr, those patients who received ABMT had a 72% event-free
survival, which was significantly greater than the event-free survival of 31-52% found
among those patients treated on the CALGB non-ABMT adjuvant therapy trials. These
data were essentially unchanged after a 5-yr follow-up, but the 5-yr OS was found to
be significantly improved with ABMT, compared with standard CALGB data: 78 vs
37-45%, respectively (107). Gianni et al. (97) and Bonadonna (77) supported these
findings, again with a historical comparison of ABMT among patients with 10 or more
positive lymph nodes, and their best adjuvant therapy treatment with sequential Adr
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Table 9
NCI-Sponsored Randomized Trials for
ABMT in Patients with >10 Positive Lymph Nodes

Study Induction’ Randomization®
CALGB 9082 CAF x 4 High-dose CBP vs 1/3 dose of CBP
INT 0121 CAF x 4 HDCT vs observation

“See Chapter Appendix.
All patients receive post-CT RT.

followed by CMF. After a follow-up of 4 yr, the relapse-free survival for those receiving
ABMT was 57%, compared with 41% among those receiving sequential Adr and CMF.

One criticism of a retrospective analysis is that the populations compared are not
controlled for risk factors. Gianni et al. (97) performed a subset analysis comparing
all patients in the two studies who had 10-20 positive lymph nodes. The difference
in outcome between ABMT and standard treatment was even more striking when the
very high-risk groups were analyzed: the relapse-free survival was 65% with ABMT,
compared with 42% receiving standard therapy. The benefit of ABMT translated to an
increase in OS: 77% with ABMT vs 61% with standard therapy.

Although these trials are highly supportive of using ABMT in high-risk BC, random-
ized trials are necessary to move this therapy into the realm of standard treatment. Two
National Cancer Institute-sponsored randomized clinical trials, investigating the efficacy
of HDCT and ABMT in patients with high-risk BC (>10 axillary lymph nodes involved),
have recently closed, and the data are not expected to be available for several years
(Table 9).

4.3. Inflammatory BC

A logical extension of the data from HDCT and ABMT among stage II and III BC
patients, with four or more axillary lymph nodes involved, is to apply this treatment
to surgically unresectable patients with locally advanced or IBC. The problems with
the ABMT trials mimic those with standard-dose regimens: Patient populations include
both locally advanced and inflammatory disease, sometimes also including patients
with metastatic disease (87,102,108,109). This type of grouping of several disease
stages makes interpretation of results difficult. Table 10 represents a subgroup analysis

Table 10
Studies of ABMT Including IBC Patients
Ref Ne Regimen BM/PSC F/U (yr) DFS (%) 0S
100 4/42 CTCb Both 2 80 89%
110 /14 CE BM 4 58 NA
109 6/ 23 ICE PSC 1 50 NA
87 15/120 varied Both 3 27 NA

“Populations include metastatic, high-risk stage II and III, and IBC.
*No. of IBC/total no. high-risk patients.
‘See Chapter Appendix.
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Table 11
ABMT for IBC
Ref. Ne Regimen® BM/PSC F/U DFS (%) 0S (%)
114,115 42/50 Ax4/CTCb Both 30 mo 64 89
116 22/114 Varied Both 35yr 50 72
74 17 CAFx4/CMeN Both 3yr 66 68
98 30 CBP PSC 2yr 70 87

“IBC patients/total patients.
’See Chapter Appendix.

of these studies focusing on the results of IBC patients. Overall, the DFS and OS appears
improved when compared with results from standard treatment noted in Subheading 2.

Patients with IBC have also been enrolled in clinical trials pioneering innovative
strategies of progenitor cell mobilization or novel preparative regimens, but data con-
cerning disease response are not available from these studies (107,108,111-113). This
widespread approach of incorporating IBC patients into clinical trials of novel therapies
is a reflection of the frustration with the results of conventional treatment for this
disease. Fortunately, some studies (74,98,114—116) have focused specifically on the
efficacy with ABMT among patients with IBC. The data is not pure, again, because
of the rarity of IBC, and the subsequent need to include other patients with stage III
disease (Table 11).

The largest cohort of IBC patients treated with ABMT in a systematic fashion was
from the Dana-Farber Cancer Institute (/14). Forty-two patients received neoadjuvant
CT with Adr (75 mg/m?) for four cycles, followed by consolidation with high-dose
cytoxan-thiotepa, and ABMT. Mastectomy was performed after ABMT, to assess
pathologic response and prognosis following dose-intensive therapy. Pathologic com-
plete remission occurred in 14%, and microscopic disease was present in 29%. Unfortu-
nately, 57% had continued evidence of macroscopic invasive cancer. The pathologic
response correlated with DFS and OS, with 100% of patients with a complete remission
having a 30-mo DFS, compared with a 38% DFS among those patients with residual
macroscopic disease.

Seventeen patients with IBC were treated in a similar fashion at the Institut Paoli-
Calmettes, Marseilles, France (74). A high pathologic response was found following
high-dose mitoxantrone, Cy, and melphalan with ABMT. Thirty-nine percent of patients
experienced a complete pathologic remission, with an additional 17% having only
microscopic residual disease: 5/7 patients with macroscopic disease relapsed within a
median follow-up of 3 yr.

Conversely, the University of Colorado treated 30 patients with IBC with neoadjuvant
CT, followed by mastectomy, prior to receiving consolidation with cytoxan, BCNU,
cisplatin (CBP) and ABMT (98). Although there was no statistically significant differ-
ence in relapse rate, only 11% of patients with a moderate pathologic response following
neoadjuvant CT relapsed after 2 yr, compared with a 45% relapse rate among those
patients without a significant pathologic response. Residual macroscopic disease appears
to predict a worse outcome, which may warrant investigation into sequential dose-
intensive therapy, or more intensive neoadjuvant CT prior to undergoing ABMT.
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5. CONCLUSIONS

IBC is a rare, aggressive form of BC that requires a multidisciplinary approach to
treatment, in an attempt to optimize the chance for cure. Standard therapies using
neoadjuvant CT, combined with mastectomy and RT, are associated with a 37% 5-yr
DFS and a 55% 5-yr OS. Several studies have demonstrated a dose-response relationship
between CT and clinical and pathologic outcome in both noninflammatory and IBCs.
The grave prognosis associated with IBC warrants an investigational approach to
determine other avenues of systemic treatment, specifically, the application of dose-
intensive CT. Promising data exists supporting the administration of ABMT for IBC.
Several small studies have demonstrated an improvement in DFS and OS: 60 and
76%, respectively.

Further research should focus on developing a multi-institutional treatment plan that
would facilitate larger numbers of patients with IBC treated in the same fashion. This
would avoid bias and confusion that current exists in the literature resulting from
combining the treatment response of IBC patients with other disease stages. Focusing
on dose intensification in the treatment of IBC is appropriate, and may extend to
sequential dose-intensive therapies with ABMT, or improvement in neoadjuvant treat-
ment prior to consolidation with ABMT. Regardless of the approach, further research
in the treatment of IBC is desperately needed.

6. APPENDIX: INDEX OF STANDARD-DOSE CT

Adr, Adriamycin V, vincristine
M, methotrexate Cy, cytoxan

F, 5-fluorouracil Ve, vinblastine
E, epirubicin Cp, cisplatin

I, ifosfamide T, thiotepa

P, Prednisone Ch, chlorambucil
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1. INTRODUCTION

Germ cell cancer (GCT) is an uncommon malignancy that occurs most often in
young men, and accounts for about 1% of malignancies in men. Although highly
curable, particularly when discovered early, stage at presentation is the predominant
factor in determining outcome and treatment. Fortunately, even patients who present
with disseminated disease can be cured with cisplatin-based combination chemotherapy
(CT) and aggressive surgical extirpation of residual disease. There are, however, 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, choriocarcinoma, or
markedly elevated serum markers; others do not achieve remission, or relapse following
primary or salvage therapy; and, finally, a few patients demonstrate refractoriness to
cisplatin. In each of these settings, high-dose therapy (HDT) with hematopoietic stem
cell rescue (HSCR) has been attempted, with varying degrees of success. This chapter
examines these various settings and the trials, which have been performed to alter the
otherwise dismal course of these patients.

2. CONVENTIONAL-DOSE THERAPY

Conventional-dose cisplatin-based CT has been very successful in the treatment of
patients with disseminated GCT. The most commonly employed regimens in this setting
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Table 1
Indiana University Staging System

Extent of
disease Characteristics
Minimal Elevated serum markers only

Unpalpable retroperitoneal mass

>5 pulmonary nodules <2 cm in size per lung field

Cervical lymph nodes
Moderate Palpable abdominal mass w/o supradiaphragmatic disease

Pulmonary metastases: 5-10 per lung field <3 cm or solitary metastasis >2 cm

Advanced Primary mediastinal nonseminomatous GCT
>10 pulmonary metastasis per lung field
Multiple pulmonary metastasis with largest >3 cm
Palpable abdominal mass and supradiaphragmatic disease
Liver, bone, or central nervous system metastasis

are either bleomycin, etoposide (VP-16) and cisplatin (BEP), as developed by the
Indiana University group (1), or cisplatin and VP-16 (EP) without bleomycin. The
development of these regimens has been presented in great detail elsewhere (2), and
will not be repeated here. The Indiana University (IU) Staging System (Table 1) is a
useful conceptual approach to these patients. The usual approach for patients with
minimal or moderate disease at presentation is three cycles of BEP or four cycles of
EP; for those with advanced disease, four cycles of BEP is considered standard. More
than 90% of patients presenting with minimal or moderate extent of disease can anticipate
long-term disease-free survival (DFS) as a result of such treatment. Those patients
presenting with advanced disease fare relatively poorly, with only about 50% doing
well long-term (2). In terms of salvage therapy, a few will be cured with surgery (3),
but most men who relapse following initial treatment of GCT will require CT. In this
setting, combinations of conventional-dose cisplatin plus ifosfamide (IFX) have been
somewhat effective. For patients failing BEP or EP, salvage treatment with vinblastine,
IFX, and cisplatin yields approx 25% long-term DFS (4—6). Those patients failing
salvage CT, or those with cisplatin-refractory disease, are incurable with further conven-
tional-dose cisplatin-based CT.

3. PROGNOSTIC FACTORS

Because treatment with conventional-dose CT and surgery has been a successful
strategy, producing cures in most men presenting with GCT, it has been a challenge
to identify those patients for whom the risk-to-benefit ratio of HDT with HSCR would
be favorable. Several groups have attempted to develop schema for predicting poor
prognosis on the basis of initial presenting factors. Among these have been the National
Cancer Institute (7), the European Organization for the Research and Treatment of
Cancer (EORTC) (8), the Memorial Sloan-Kettering Cancer Center (MSKCC) (9), the
Medical Research Council (10), and the Danish Testicular Carcinoma Study Group (11).

A more recent international effort has examined the outcome of 283 patients with
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relapsed or refractory GCT, treated at four centers in the United States and Europe
with HDT and HSCR (12). This retrospective analysis was carried out to identify
prognostic variables for response and survival in patients treated in this fashion. This
study is not without flaws, because these patients had been treated in a variety of trials
using differing regimens and supportive care in the four centers (IU, Institut Gustav-
Roussy, Allgemeines Krankenhaus der Stadt Wien, and Virchow Klinikum) between
1984 and 1993. 1t is, however, the largest and most complete effort of its kind in this
field. This group of investigators used a standardized questionnaire filled out by an
investigator at each institution, to identify patient characteristics of potential prognostic
significance. Despite differences in initial conventional treatment regimens, no differ-
ences were found in the response rate or duration following first-line treatment. As
would be expected, all patients had been treated with cisplatin-based regimens prior
to HDT with HSCR.

The use of HDT with HSCR was quite effective in this group of patients. Maximum
response of either a complete remission (CR) or marker-negative partial remission
(PRm") was achieved by 157/283 patients (55%). Early deaths occurred in 8% of
patients in whom response could not be evaluated. In univariate analysis, patients with
disease that was not responsive to conventional-dose CT prior to HDT were less likely
to achieve remission with HDT. Likewise, those with extensive metastatic disease
(involving brain, lung, liver, or bone), advanced Indiana stage, or high levels of alpha-
fetoprotein (AFP) or beta subunit of human chorionic gonadotrophin (BHCG) had a
poor rate of response following HDT. Specifically, those who had marker-positive PR,
stable disease (SD), or PD, following salvage therapy, had only a 41% CR/PRm", with
22% long-term failure-free survival (FFS). Those with AFP >1000 had a 13% CR/
PRm", and among those >10,000, only 1/5 patients were long-term survivors. Similarly,
elevated BHCG was of significance, with only 1/15 patients with levels >10,000 being
along-term survivor. Those who were absolutely cisplatin-refractory (progression within
4 wk of last dose of cisplatin) had a 30% CR/PRm", and only a 2% FFS. Reviewing
the prognostic factors for shortened FFS, following HDT, reveals that extragonadal
primary (particularly primary mediastinal GCT) failure to achieve CR/PRm™ to salvage
therapy, cisplatin refractoriness, and elevation of the BHCG to 21000 U/L, were impor-
tant. Multivariate analysis revealed that, similar to the univariate analysis, primary
mediastinal GCT, sensitivity to cisplatin, remission status, and level of BHCG prior to
HDT were important factors in the likelihood of FFS. The authors went on to develop
a scoring system to classify patients as good, intermediate, or poor risk, based on the
above factors (Table 2).

There are, therefore, easily evaluable factors assessed prior to HDT, which carry
strong prognostic importance in determining a patient’s likelihood of benefiting from
the rigors of HDT. Fortunately, those patients achieving control of their disease, and
surviving free of relapse for 1 yr, had durable remissions: For the group as a whole,
the actuarial FFS was 32% at 1 yr, 30% at 2 yr, and 29% at 3 yr.

4. JU EXPERIENCE: DOSE-INTENSE THERAPY WITH HSCR IN GCT

Investigations into the use of high-dose carboplatin (CBDCA) and VP-16 with
autologous bone marrow (BM) support began at IU in 1986. Initial investigations used
this combination in patients, who were heavily pretreated, usually multiple-relapsed or
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Table 2

Prognostic Factors

Characteristic Score

Progressive disease prior to HDT
Primary mediastinal GCT

Refractory disease prior to HDT
Cisplatin-refractory disease prior to HDT
BHCG >1000 U/L prior to HDT

NN = i

Good risk = score 0; intermediate risk = score 1-2; poor risk = score >2.
Adapted with permission from ref 12.

cisplatin-refractory, and for whom no other therapeutic options existed. Subsequent
studies explored modifications of this regimen in refractory patients, and the efficacy
of the initial regimen in patients in first relapse after conventional therapy.

The initial study was a phase I dose-escalation study, done in collaboration with
Vanderbilt University (13) which examined the use of two courses of high-dose CBDCA
and VP-16 with autologous bone marrow transplant (ABMT), in patients with GCTs
that were either cisplatin-refractory (defined as progression of disease within 4 wk of
previous cisplatin-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 varying doses of CBDCA, to establish a maximum-tolerated
dose in combination with 1200 mg/m* VP-16; the subsequent 20 patients were treated
with VP-16 1200 mg/m?* and the phase II dose of CBDCA 1500 mg/m? given in three
divided doses on d -7, -5, and —3. Toxicities seen in the protocol were the expected
severe myelosuppression, moderate enterocolitis, and stomatitis. Grade III hepatic toxic-
ity (more than five-fold increase in liver enzymes), usually in association with massive
infection, was observed in 8/33 patients. Significant ototoxicity, neurotoxicity, and
nephrotoxicity were not seen, despite the heavy previous exposure to cisplatin in this
group of patients. Overall, 7/33 (21%) patients died as a consequence of treatment:
two died on the phase I portion of the study. Deaths were primarily caused by infection,
but one patient died of veno-occlusive disease of the liver. This was a very heavily
pretreated patient population, with over one-half having received three or more prior
CT regimens, and 67% were cisplatin-refractory. There were eight patients who achieved
a CR, and six a PR, for an overall response rate of 44% (95% confidence interval,
27-63%). Of these, eight patients remained alive and disease-free with 18 mo of follow-
up. Review of the responding patients reveals that CR could be achieved despite
advanced disease or cisplatin refractoriness. The use of high-dose CBDCA 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 occasionally be overcome
with this approach.

The results in this group of very heavily pretreated, unfavorable prognosis patients
are reminiscent of the results reported by the BMT group in Seattle, who carried out
the initial studies into the use of allo-BMT in the treatment of patients with acute
myeloid leukemia (14). In each case, a small number of poor-prognosis patients did
well, leading to further investigations. Motzer et al. (15), at Memorial Sloan Kettering
Hospital (MSKCC), investigated the addition of cyclophosphamide to the CBDCA/



HDCT with HSCR for GST 221

VP-16 backbone in a similar group of patients. They were able to safely add 150 mg/
kg cyclophosphamide in divided doses, and observed a 23% long-term DFS, which
was not significantly different to that seen in the IU trials.

Following the initial phase I/II trial, a larger phase II trial was carried out through
the Eastern Cooperative Oncology Group, utilizing the same dose and schedule of
agents as in the phase II portion of the initial study (16). Again, patients had to have
failed at least two prior cisplatin-based regimens, at least one of which contained IFX,
or had to be cisplatin-refractory. Forty patients were entered on this multi-institution
cooperative group effort between July 1988 and September 1989: 22/38 (58%) evaluable
patients proceeded to the second course of HDT. Toxicity was similar to that seen in
the phase I trial, with 5/38 (13%) patients dying of treatment-related causes. Infection
(one), hemorrhage (two), and hepatic toxicity (two) accounted for the deaths, all of which
occurred in the first course of therapy. Other extramyeloid toxicities were comparable to
those seen in the initial study. Nine patients (24%) achieved a CR, including two who
were rendered disease-free with post-BMT surgical resection, and eight achieved a PR,
for an overall response rate of 45%. Three of the CRs occurred on first BMT, and four
patients converted from PR to CR on second BMT: 5/9 are alive and free of disease
with follow-up of 24 mo. Notably, all PRs recurred with a median duration of remission
of 2.5 mo. The goal of this therapy is necessarily a CR. Achievement of a CR was
associated with testicular, rather than extragonadal, primary (p = 0.12), absence of liver
metastases (p = 0.08), and embryonal cell type (p = 0.11).

A striking finding in this study was the poor outcome in patients with nonseminoma-
tous primary mediastinal germ cell tumors (PMGCTs). This parallels the reported IU
institutional experience in patients with PMGCT, treated at second or greater relapse
with HDT and ABMT. From 1987 to 1990, 12 patients with a diagnosis of PMGCT
were treated with CBDCA (1500-1800 mg/m?), VP-16 (1200-1350 mg/m?), and, in
two patients, IFX (10 g/m?) was added, with ABMT. Patients were relapsed or cisplatin-
refractory: They had received a median of two prior CT regimens (range 1-3), all had
prior cisplatin therapy, and most had failed IFX-based therapy. Six patients were
cisplatin-refractory, and, of these, only one achieved a PR, which was of short duration.
It was planned that all patients would undergo two rounds of therapy, but only 5/12
patients received two courses. The remainder had only one round of therapy, either
because of inadequate response (three) or excessive toxicity (four). There were four
patients who died in the peritransplant period, because of sepsis (two) or bleeding
(two). The median survival of the group is 107 d (range 14->347 d). No patient
achieved a CR, there were six PRs (four stable disease and 2 progressive disease) (17).
Unfortunately, this report mirrors the experience at other institutions.

The results with high-dose CBDCA/VP-16/ABMT, in patients with recurrent and
refractory GCT, indicated that a fraction of patients could be rendered disease-free.
Because of the known activity of IFX in recurrent and refractory GCT (18-21), and
its favorable side-effect profile for dose escalation in the setting of BMT (22), high-
dose IFX was then added to the preparative regimen.

A trial utilizing the same doses of CBDCA/VP-16 as in the phase II trial, and, adding
to this, IFX in escalating doses, starting at 2 g/m’ daily x 5, given by 30 min infusion
with mesna uroprotection, was carried out. Seven patients with GCTs, which were
either recurrent following a minimum of two regimens of platinum-based CT or cisplatin-
refractory, were treated on this trial. The patients were treated with one or two courses
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of HDT. The doses given were 500 mg/m> CBDCA, qod x 3, and 400 mg/m?, VP-16
qod X 3, plus IFX at a dose of 2 g/m* daily x 5 d with mesna. Because of excessive
renal toxicity at the first-dose level, escalation of the IFX dose was impossible. Of the
seven patients treated, four developed a marked decline in their renal function, with
3/4 requiring hemodialysis or hemofiltration; 6/7 patients treated had a decline in their
serum markers, indicating a response to therapy: Unfortunately, all relapsed (23). The
conclusion was that, although the combination of CBDCA/VP-16/IFX with ABMT has
activity in this group of patients, given in this fashion (by brief iv infusion), it was
associated with excessive renal toxicity, probably as a result of underlying renal dysfunc-
tion secondary to extensive prior cisplatin-based CT.

A second phase I trial, with further dose escalation of the combination of CBDCA
and VP-16, was subsequently carried out. This was possible in patients undergoing
this therapy with much less pretreatment than those in the initial phase I trial. Thirty-
two patients were enrolled on a careful dose-escalation schema of each of these agents.
The maximum-tolerated dose level was CBDCA 700 mg/m* and VP-16 750 mg/m?,
given daily on d -6, -5, and —4. Dose-limiting toxicity for this regimen was mucositis.
There were five treatment deaths: four caused by sepsis and multiorgan failure, and
one by central nervous system hemorrhage. Significant ototoxicity was also seen. These
new doses are used in the treatment of patients in first relapse, or with limited prior
therapy (24).

The use of HDT with ABMT in the treatment of multiple-relapsed and refractory
GCT has resulted in an overall response rate of approx 50%, with a fraction of patients
cured of their disease (25). A logical extension of this therapy was to move it higher
in the sequence of treatment for GCT. Because the overall cure rate for patients with
recurrent testis cancer, treated with IFX and cisplatin-based salvage CT, is in the range
of 20-25% (18), a logical step to improve the outcome of these patients was the use
of HDT at time of first relapse. The initial trial at IU used two rounds of conventional-
dose IFX and cisplatin, with either vinblastine or VP-16 (depending on prior treatment),
followed by a single round of HDT with ABMT, using CBDCA 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 caused
by sepsis during conventional-dose induction therapy, and there were no transplant-
related deaths on this study. For the group as a whole, 18/25 patients completed the
planned treatment, including HDT and ABMT. Reasons for not undergoing high-dose
therapy and ABMT were ineligibility because CNS metastasis (one) and abdominal
abcess (one), insurance refusal (two), and refusal of the high-dose portion of the protocol
(one). With median follow-up of 19 mo (range 4-30 mo), 9/25 (36%) were both alive
and free of disease; three had relapsed, and were alive with disease; and six had died
of progressive disease (26). Two of the patients who relapsed were cisplatin-refractory,
and progressed shortly after HDT and ABMT. A follow-up trial examined the use of
two cycles of HDT with HSCR in 25 patients in first relapse of cisplatin-sensitive
testicular GCT. Patients were treated with 1-2 cycles of conventional-dose salvage
CT, followed by two consecutive cycles of CBDCA 2100 mg/M? and VP-16 2250 mg/
m? with HSCR. At a median follow-up of 26 mo, 13/25 (52%) were alive and free of
disease, and only one had died of treatment-related causes (27).

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 multiple-relapsed or overtly
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cisplatin-refractory, can be cured with high-dose CBDCA and VP-16 with ABMT
(13,16,24,25). For this population of patients, this clearly is not investigational therapy,
and, in fact, represents the therapy with the greatest curative potential. It is important
to note that cisplatin-refractory patients represent a very small proportion of this popula-
tion of survivors. For these patients, new and innovative approaches are needed. Finally,
the use of HDT with ABMT in patients with gonadal GCT in first relapse, who are
platinum-sensitive, is quite successful, with high response rates and low toxicity. From
these trials, it would appear that there is a therapeutic advantage to the use of HDT
with HSCR, compared to conventional-dose salvage therapy.

The group of MSKCC has done extensive work in identifying patients at high risk
of relapse early in the course of their disease, who could benefit from HDT. Motzer
et al. (28) treated 22 patients with reduced clearance of serum markers after two cycles
of conventional-dose therapy with HDT and HSCR. Criteria were a prolonged half-
life of AFP (>7 d) or BHCG (>3 d), a group, which, in their experience, did poorly
with further conventional-dose therapy. They reported 13 patients (46%) alive and free
of disease, with 31-mo median follow-up, which was an improvement over historical
groups with similar characteristics treated with conventional-dose therapy (28).

5. HDT IN GCT: EUROPEAN EXPERIENCE

A number of institutions in Europe have reported their experience in the treatment
of GCT with HDT and HSCR. Among the earliest reports of this approach is that of
Mulder et al. (29), who treated 11 patients with VP-16 (2500 mg/m?) and cyclophospha-
mide (7 g/m?). This was a heavily pretreated group of patients, several of which were
cisplatin-refractory. They observed seven responses, including 2 CRs (46 and 66 +
wk). Median survival was 40 wk.

Shortly after that report, Droz et al. (30) reported on 17 patients treated with cisplatin
(200 mg/m?), VP-16 (1750 mg/m?) and cyclophosphamide (6400 mg/m?) with BM
rescue. Again, this was a heavily pretreated group of patients, and they observed CRs
in 9/17 (53%), with 4/17 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 conventional-dose therapy vs HDT with BM rescue, in patients with
poor-risk characteristics. The conventional-dose arm consisted of cisplatin (200 mg/
m?), vinblastine, and bleomycin given every 3 wk for 3—4 cycles, and the high-dose
arm, as described above in subheading 3. 115 patients were enrolled, of whom 114
were evaluable. The 2-yr survival was 82% in the conventional-dose arm, and 60% in
the high-dose arm, statistically not significantly different. Unfortunately, this trial suf-
fered from some deficiencies: The dose intensity and total dose of cisplatin was actually
higher on the conventional-dose arm than the transplant arm, and the numbers were
insufficient to draw definite conclusions. Nonetheless, this study did not show an
advantage for the use of HDT with BM rescue for the initial treatment of poor-risk
GCT patients (31).

Rosti et al. (32) published the Italian multicenter experience with high-dose car-
boplatin, 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. In contrast to the IU experience, nephrotoxicity was
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not observed, despite the administration of 12 g/m* IFX. This may be the result of the
administration of IFX by prolonged infusion.

Two other groups have reported a significant experience with the addition of IFX
to the combination of CBDCA and VP-16. The German Testicular Cancer Cooperative
Study Group published their initial phase I/II experience with this regimen in a single
transplant schema, in 1994 (33). They reported on 74 patients, 20 of whom were treated
on the phase II doses of CBDCA 1500 mg/m?, VP-16 2400 mg/m?, and IFX 10 g/m.
IFX was again administered by prolonged infusion. Renal toxicity in this group was
mild, with median maximum serum creatinine level of 1.4 mg/dL; however, with
escalating doses of CBDCA, much more severe renal toxicity was observed. Of 23
patients with cisplatin-refractory disease, only one was alive, free of disease, with 7-
mo follow-up. This group updated their results in 1997 (34), revealing an overall
survival of 38%, with a failure free survival of 31% at 5 yr. 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.

Lotz et al. (35) carried out a phase I/II trial of this regimen, using a tandem transplant
schema in 39 patients, including five with metastatic trophoblastic disease. They admin-
istered 69 cycles of HDT, with IFX (7500-12,500 mg/m?), CBDCA (875-1225 mg/
m?), and VP-16 (1000-1250 mg/m?), to 39 patients. IFX was infused over 6 h in this
trial. Three patients developed severe nephropathy: Two required hemodialysis and
later died toxic deaths. 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
wk of cisplatin-based CT). In this group were 21 patients with gonadal GCT, nine of
whom achieved a CR with a median duration of 29 mo (range 2—-84 + mo), 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.

Although most trials in this area have dosed CBDCA on a mg/m? basis, more recent
trials have begun using an area-under-the-curve (AUC) schema for dosing. Lampe et
al. (36) have published their experience with 23 patients, 12 of whom underwent tandem
transplantation. Based on toxicity parameters, they recommended CBDCA dosed at an
AUC of 30 mg/min/mL for further trials.

6. CONCLUSIONS

The use of HDT with HSCR has been successful and life-saving for some patients,
but many questions remain. Clearly, there are groups of patients for whom this approach
is much less helpful than others. In particular, those with primary mediastinal nonsemino-
matous GCT in relapse, and those with cisplatin-refractory disease, are helped either
rarely or not at all. The cumulative information on relapsed mediastinal GCT indicates
that this group of patients should be spared the rigors of HDT and autologous stem
cell transplantation. New and innovative approaches are needed for these patients. For
those who have cisplatin-refractory disease, the question 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
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effective approaches. The use of allotransplantation in these two groups has yet to be
explored, and may be worthy of evaluation.

For patients who are multiple-relapsed, HDT is the treatment of choice at present,
although, again, the expectations should be limited. Those in first relapse following
cisplatin-based CT appear to have a outcome following HDT superior to further conven-
tional-dose therapy, and there may be an advantage of tandem HDT in this group.
Finally, whether there is a benefit to the use of HDT as part of upfront therapy is the
subject of an ongoing international collaborative study enrolling patients at high risk
of relapse, and eligible patients should be enrolled to help answer this important question.
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1. INTRODUCTION

The transplantation of healthy hematopoietic stem cells into a patient with aplastic
anemia or leukemia is potentially curative therapy, but the development of acute graft-
vs-host disease (GVHD), which often occurs even when the donor and recipient are
siblings fully matched at the human leukocyte antigen (HLA) loci, significantly limits
survival. The first descriptions of acute GVHD, following allogeneic bone marrow
transplant (allo-BMT) in humans, were made in the 1960s. Significant strides in prophy-
laxis of acute GVHD have been made over the past four decades by the use of
pharmacologic agents such as methotrexate (MTX) and cyclosporine (CSP), and by
manipulation of the donor cell inoculum, to limit the infusion of effector donor lympho-
cytes. However, given the extensive clinical observations and investigations on the
nature of this complication, it is remarkable that the diagnosis of acute GVHD is still
clinically challenging, and that this complication continues to pose a formidable obstacle
to successful allogeneic hematopoietic stem cell transplantation (allo-HSCT). On the
other hand, patients with GVHD have improved leukemia-free survival (the graft-vs-
leukemia effect [GVL]) and this graft-vs-malignancy effect, a beneficial byproduct of
the alloreactivity of the donor cells, may extend to lymphomas, myeloma, and even
solid tumors (/—4). Thus, a major question in HSCT biology is how to preserve a
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graft-vs-malignancy effect, while eliminating GVHD. This chapter reviews some of
the critical issues in the clinical manifestations and pathobiology of GVHD, including
the results of recent investigations using an in vitro lymphocyte—skin adhesion assay
to better define the mechanisms 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, are also reviewed.

2. CLINICAL PRESENTATION AND
PATHOBIOLOGY OF ACUTE GVHD

Acute GVHD, by classical definition, is GVHD that occurs within 100 d of HSCT,
usually around the time of leukocyte engraftment, or shortly thereafter. Although this
operational term is useful in distinguishing GVHD occurring immediately posttransplant
from the more indolent and progressive changes of chronic GVHD, acute GVHD can
occur beyond 100 d posttransplant, particularly in the setting of donor lymphocyte
infusions (DLIs), used in the prevention or treatment of disease relapse. There are three
principal target tissues in GVHD: the skin, liver, and gut. Although the clinical staging
and overall grading of GVHD is based on the relative level of involvement of these
three tissues, other organs, especially the lymphoid tissues and the bone marrow (BM),
are targets of GVHD.

The most common tissue affected in acute GVHD is the skin, with over 80% of
patients with GVHD manifesting skin eruptions (5). The typical skin presentation
consists of a maculopapular rash, which 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 of desquamation, define
the different stages of skin involvement. The clinical findings of cutaneous GVHD are
corroborated by histologic analysis of skin biopsy material, and, therefore, discrete
pathologic criteria contribute to the diagnosis of cutaneous GVHD (Table 1) (6).
However, the characteristic pathologic changes of acute cutaneous GVHD are not
specific for GVHD alone, and can occur in a variety of other cutaneous diseases and
reactions. Many skin eruptions 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 standard for accurate pathologic diagnosis of
GVHD (7). Moreover, there is no correlation 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 on clinicopathologic
correlation, i.e., clinical history and manifestations supported by characteristic patho-
logic changes. Indeed, the timing of the clinical manifestations is an important compo-
nent of the diagnosis, because some pathologists will consider GVHD in the differential
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 manifesta-
tions. The primary clinical manifestation of gut GVHD is diarrhea and abdominal pain.
The diarrhea 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
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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 1V), and the differential includes drug reactions and infection
(particularly cytomegalovirus infection).

Hepatic GVHD is manifested 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. The differential of liver
disease occurring posttransplant includes drug toxicity, viral hepatitis, and hepatic veno-
occlusive disease, an entity that is pathologically distinguishable from GVHD, and
consists of damage to endothelial cells in zone 3 of the acinus, with occlusion of the
hepatic venules (8). Though helpful in the diagnosis, liver biopsy is not routinely
performed, because of the risk of hepatic injury and bleeding. In some cases, a transjugu-
lar approach can provide enough tissue to allow histopathologic analysis, but inflamma-
tory changes may be patchy and not evident on biopsy material.

As mentioned, the timing of skin, gut, and liver changes is a critical component to
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 diarrthea 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 SCTs and allo-SCTs (9-11). This syn-
drome typically consists of noninfectious fever, amaculopapular skin eruption resembling
GVHD, capillary leak with resultant weight gain and pulmonary infiltrates/effusions, and,
not uncommonly, hyperbilirubinemia and diarrhea. The fact that these changes occur in
autotransplant recipients indicates that the pathophysiology of this entity does not depend
onalloreactivity per se. The skin biopsy findings are consistent with GVHD (9). Treatment
of this syndrome requires prompt administration of corticosteroids, to prevent complica-
tions 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 maybe primary endothelial damage as
a consequence of inflammatory mediators, such as interleukin-2 (IL-2), tumor necrosis
factor (TNF-at), and interferon (IFN-y), released locally by infiltrating perivascular
lymphocytes (9,12—-14). In GVHD, however, there is also evidence of direct cell-
mediated immunologic reactivity, resulting in microvascular injury (15). Studies in
severe combined-immunodeficiency mice receiving partial-thickness human skin grafts,
then, following anastomosis, administered allogeneic human lymphocytes, reveal upreg-
ulation of vascular cell adhesion molecules (such as VCAM-1) promoting lymphocyte
migration in the human dermal vessels (16). The dermal microvascular injury is confined
to the human vessels, with no injury evident in mouse microvessels that have invaded
the human skin. This endothelial damage is mediated by infiltrating T-cells expressing
a cytolytic phenotype, containing granules laden with perforin (16). In this model, co-
administration of CSP A and rapamycin markedly reduces the extent of microvascular
injury. Of note, CSP A or rapamycin, each given alone, does not reduce lymphocyte
infiltration of the graft or vascular injury, but, when given together, markedly decrease



GVHD Progress 233

the perivascular infiltration of perforin-laden lymphocytes. These data suggest that one
effect of combining these agents is to modify the migration capabilities of lymphocytes,
by altering lymphocyte and/or endothelial adhesive structures mediating lymphocyte
recruitment from the vasculature and into the tissue. Corticosteroids, the first-line
pharmacologic agents in the treatment of acute GVHD, also profoundly affect lympho-
cyte migration to lymphoid and extralymphoid tissues (17,18), and decreased lympho-
cyte infiltrates in affected tissues are a prognostic sign for steroid-responsiveness in
GVHD therapy (19).

In Billingham’s classic description of the elements required for the development
GVHD (20), three requirements were emphasized: The host must be incapable of
rejecting the graft, the graft must contain immunocompetent cells, and there must be
incompatibilities in transplantation antigens between donor and host. Although this
description needs to be modified somewhat, because of evidence of GVHD occurring
in the setting of blood transfusions, solid organ transplants and, in the case of CSP-
induced autologous GVHD (caused by induction of autoreactive T-cells [21]), Billing-
ham’s tenets reflect important basic principles in the biology of GVHD. However,
given the data reviewed above, and the pathologic evidence of lymphocytic infiltrates
consistently accompanying GVHD-induced tissue injury, a fourth requirement to Bill-
ingham’s criteria must be proposed: Effector lymphocytes must migrate to the target
tissues in GVHD.

The pathologic hallmark of acute GVHD is mononuclear cell (MNC) infiltrates in
the involved tissues (22,23). The pathogenesis of acute GVHD involves the migration
of both alloreactive lymphocytes and of natural killer (NK) cells into target tissues
(24-27). 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 abrogates the incidence
of GVHD (28). Indeed, the lymphocytic infiltrates of dermal GVHD are composed of
donor-derived cells (29). Infiltrating NK cells may contribute to tissue damage in GVHD
by their local release of inflammatory cytokines, such as TNF-o and IFN-y (30,31).
The NK cell infiltrates are also donor-derived (32), indicating that their localization in
tissues is likewise caused by recruitment from the circulation. The fact that phenotypi-
cally and functionally discrete subpopulations of peripheral blood mononuclear cells
(PBMCs) are found within inflammatory sites of GVHD suggests that there are specific
PBMC-endothelial adhesive mechanisms that promote site-directed migration of
effector cells. Furthermore, the adhesive system mediating this recruitment is highly
effective and efficient, because MNC infiltrates are developing during periods of pro-
found lymphopenia in the periengraftment period. Given this fact, it is surprising that
essentially nothing is known about the molecular basis of this adhesive system. A
role for cytokines, such as TNF-q, in the induction of GVHD has been inferred by
immunohistochemical analysis and measurements of cytokine mRNA in involved skin
of cutaneous GVHD by polymerase chain reaction (31,33). This cytokine induces
expression of adhesion molecules on endothelium, such as E-selectin and VCAM-1,
which mediate recruitment of leukocytes (34), and immunohistochemical studies have
shown an increase in E-selectin expression on endothelium of acute cutaneous GVHD
(35), but whether this change reflects a prophenomenon or epiphenomen of the inflam-
matory response is unknown. As noted above, VCAM-1, an endothelial adhesion
molecule that serves as a ligand for VLA-4 (oB,-integrin expressed on lymphocytes
and NK cells), similarly appears to be upregulated in perivascular areas in cutaneous
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GVHD (35), but, again, identification of its presence is not evidence of its role in
mediating the MNC emigration.

The first step in the selective migration of circulating leukocytes into inflammatory
sites is the attachment of the cells to the endothelium within the given affected tissue,
a process that anchors the bloodborne, flowing cells for subsequent transmigration into
the tissue parenchyma (34,36). In an effort to better understand the pathophysiologic
mechanisms of GVHD, the authors have undertaken a series of investigations evaluating
the skin as a source tissue (because of the feasibility of obtaining samples for analysis).
The authors’ hypothesis is that inflammatory changes within the major target organs
of GVHD (the skin, liver, and gut) result in part from specific endothelial changes that
promote entry of lymphocytes and NK cells to these sites, and the resultant increased
trafficking of effector cells to these organs leaves them susceptible to pathologic damage.
Utilizing an in vitro lymphocyte—skin adherence assay, evidence has been obtained that
endothelium of skin involved in GVHD reactions is specialized to support lymphocyte
adhesion. The in vitro lymphocyte—endothelial adherence assay employed was adapted
from the conventional Stamper-Woodruff assay (37), which, performed under conditions
of shear that mimic blood flow, allows for an in vitro approximation of physiologic,
functional interaction(s) of adhesion molecules on interacting cells. A major advantage
of this assay, compared to studies utilizing purified molecules, is that it tests cell-cell
adherence mediated by membrane molecules in their native states, and, more important-
ly, as expressed by exactly those cells that are biologically relevant. This adhesion assay
was fundamental in identifying the lymphocyte and endothelial membrane molecules
involved in mediating lymphocyte migration into lymph nodes (18,38): The authors
previously utilized it to investigate the lymphocyte and endothelial membrane structures
that mediate lymphocyte migration to chronic inflammatory sites, such as the dermis
in psoriasis (39).
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