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Preface

It is commonplace in the oncology arena for patients to
request a “second opinion.”

But it is equally usual for oncologists to discuss with a
colleague a complex or unusual case, or a patient with
serious comorbidities, to insure that a particular individual
is given the greatest opportunity to experience the benefits
of therapy while minimizing the risks of possible treat-
ment-related harm. Such discussions occur both within a
particular specialty (e.g., surgery, radiation, or medical
oncology) and between various specialties.

And as cancer management becomes more multimodal
in nature, with an increasing focus on both maximizing the
opportunity for extended survival and at the same time
optimizing quality of life, the requirement for essential
communication between individual specialists with their
own unique knowledge and experience of critically rele-
vant components of care becomes ever more important.

It is with these thoughts in mind that the editors con-
ceived of an oncology text that would focus on the “expert

perspectives” of oncology professionals. The intent was to
have each individual book chapter be viewed as a “mini-
consultation” provided by a specialist regarding a specific,
highly clinically relevant issue in cancer management.

Considering the specific purpose and focus of the mate-
rial presented, the book is written without detailed refer-
ences (although a few selected readings are included at the
end of each chapter). However, many of the authors have
prepared a more extensive reference list, and the editors
will be happy to email any reader the more detailed refer-
ence lists for individual book chapters, if so requested.

The chapters that follow have been written by clinicians
selected for their recognized clinical expertise and experi-
ence. It is hoped that those reading this book will find the
material of value in their own interactions with their
patients.

Syed Abutalib and Maurie Markman
cancerconsult@gmail.com
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CHAPTER

Diagnosis of acute lymphoblastic leukemia

Frederick G. Behm', Agatha Bogard’, Syed A. Abutalib? and Sujata S. Gaitonde'

'University of Illinois Hospital and Health Sciences System, Chicago, IL, USA
*Midwestern Regional Medical Center, Cancer Treatment Centers of America, Zion, IL, USA

Hematopathologists are often called on to clarify how they
arrived at a diagnosis of acute lymphoblastic leukemia
(ALL). This is frequently due to confusion regarding how
to interpret unusual flow cytometry (FC) immunopheno-
type or cytogenetic results. Occasionally, the diagnosis
does not fit clinical findings, the clinical impression, or a
referred diagnosis by another physician. The 2008 World
Health Organization (WHO) classification provides good,
general guidelines for the application of immunopheno-
type, cytogenetic, and molecular genetic studies in the clas-
sifications of these neoplasms. However, individual cases
of acute leukemia may sit on the edge of these guidelines,
resulting in questions if not confusion regarding the correct
diagnosis. For example, the significance of aberrant expres-

sion of relatively lineage-specific markers by acute leuke-
mia remains a confusing topic. On another front, the two
most important factors that predict the favorable treatment
response of a patient with ALL are cytogenetic and molecu-
lar genetic findings and early response to treatment. These
are most conveniently followed by minimal residual
disease (MRD) studies that also pose additional questions,
such as when the bone marrow of a patient in clinical
remission has morphologically observable lymphoid-like
blasts in the bone marrow. This chapter addresses some of
these issues by way of case presentations. We tried to avoid
presenting diagnostic and classification information that is
readily available in the 2008 WHO and other texts as well
as readily available online from many sources.

Case study 1.1

The first case involves a patient with a provisional diag-
nosis of viral infection, but a review of a peripheral blood
smear raises questions about the provided clinical

diagnosis.

History

A 16-year-old male presents with fever and arthralgia. A
complete blood count (CBC) shows anemia and elevated
white blood cell (WBC) count with many atypical mononu-
clear cells. The physician’s impression was a viral infection,
and she refers the patient for hematology consult. Physical
examination is significant for questionable splenomegaly
and cervical lymphadenopathy. A repeat CBC shows a WBC
of 56,000/puL normocytic anemia with hemoglobin (Hgb) of
8.5g/dL and a platelet count of 128,000/pL. There is abso-

lute neutropenia. Peripheral blood and bone marrow aspi-
rate smears are reviewed. The marrow was very difficult to
aspirate and on examination consisted of peripheral blood
and no marrow particles.

1. Which of the following are possible diagnoses based on
the clinical history, the CBC, and the cells shown in Figures
1.1 and 1.2? (Choose all that may apply)

A. Reactive lymphocytosis
B. Large granular lymphocytic leukemia (LGLL)
C. Granular acute lymphoblastic leukemia (granular ALL)
D. Acute myeloid leukemia (AML)

The cells shown have features of blasts with a high
nuclear-to-cytoplasmic ratio with finely dispersed nuclear

(Continued)
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Figure 1.1 Peripheral blood smear. A monomorphous
population of abnormal cells predominates in the peripheral
blood. The insert shows azurophilic granules in the cytoplasm of
several of these cells. Wright-Giemsa, 50x; insert, 63x. (Color
plate 1.1)

chromatin. The presence of azurophilic cytoplasmic gran-
ules raised the possibility of LGLL, AML, and an uncommon
subtype of acute lymphoblastic leukemia (ALL) called gran-
ular ALL. Large granular lymphocytes (LGLs) are a normal
cell type in healthy individuals that may be of T- or NK-cell
lineage. They have relatively large amounts of clear cyto-
plasm with a few, small azurophilic granules; acentric nuclei;
and no nucleoli. LGLL, a relatively rare chronic leukemia of
LGL cells, may be confused with acute leukemia. Although
patients with LGLL may present with neutropenia and/or
thrombocytopenia, the WBC count is usually normal with
relatively few leukemic lymphocytes. The leukemic cells of
LGLL rarely replace normal hematopoietic elements at
initial diagnosis. Reactive lymphocytes are frequently mis-
taken for leukemic blasts in that they usually are large and
frequently contain one or several nucleoli. However, they
lack cytoplasmic granules and have intensely basophilic
cytoplasm and dense, coarse nuclear chromatin. It would be
unusual to see an abnormally high WBC count or normal
marrow hematopoietic elements largely replaced by reactive
lymphocytes. A rare exception may be a rare immune-com-
promised individual with a viral infection.

The more pressing question is whether the cells pictured
are myeloblasts of AML or lymphoblasts of granular ALL.
An experienced morphologist may be able to distinguish
between these two acute leukemias by their cytologic
features but will always confirm the initial impression by
additional laboratory studies. Cytochemical stains for mye-
loperoxidase and Sudan black will differentiate between

D

Figure 1.2 Bone marrow core biopsy touch preparation. Touch
imprints of the bone marrow core biopsy substituted for a
suboptimal bone marrow aspirate specimen. The marrow is
involved with the same abnormal cells present in the peripheral
blood. The insert shows two cells containing azurophilic
cytoplasmic granules. Wright-Giemsa, 63 x; insert, 100x.
(Color plate 1.2)

these leukemias, but they have been replaced by more
informative FC immunophenotype studies. We recommend
that routine cytochemical studies of acute leukemia be
abandoned.

The histograms of a flow cytometry immunophenotype
study of the peripheral blood are shown in Figure 1.3.

2. What is the lineage of the leukemia based on the studies
shown in Figure 1.3?

A. B-cell

B. T-cell

C. Myeloid

D. Mixed-lineage leukemia

The studies shown in Figure 1.3 contain sufficient infor-
mation to differentiate AML from ALL. In our experience,
the minimum number of markers to identify the lineage of
over 95% of acute leukemias is shown Figure 1.4. These are
markers that are lineage restricted in normal hematopoiesis
and lymphopoiesis. However, many acute leukemias do not
follow the norm, and they frequently express markers of
another lineage. For example, many AML express lymphoid
antigens, as discussed later. Well-versed hematologists will
be familiar with these 10 lineage markers and their applica-
tion and limitations in assignment of a cell lineage.

The blasts of the patient express B-associated surface
CD19and CD22 plus cytoplasmic CD79a, but not T-associated
CD?7 or cytoplasmic CD3 and no myeloperoxidase (MPO).
By the criteria of the WHO classification of acute leukemia,
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Figure 1.3 Flow cytometry immunophenotype study of the
peripheral blood. The largest cluster of dots in frames A-F
represents the abnormal cells shown in Figure 1.1. The smaller
clusters and scattered dots represent mature lymphoid,
monocytic, and granulocytic elements. Frame A shows the
abnormal cells occupying the region of the histogram normally
occupied by blasts and immature cells. Frame B shows these
same cells co-expressing B-cell-associated cytoplasmic CD79a

this patient has a precursor B-cell ALL. The immunopheno-
type excludes a T- or NK-cell LGLL. The patient’s leukemic
blasts also weakly express myeloid-associated CD13 and
CD33; however, by WHO criteria, this patient does not
have a mixed-phenotype acute leukemia (MPAL) since no
myeloperoxidase is detectable and two largely but not
totally B-cell restricted markers CD22 and CD79a are present.
A descriptive immunophenotype diagnosis would be “pre-
cursor B-cell lymphoblastic leukemia with atypical expres-
sion of myeloid-associated CD13 and CD33.” Up to 60% of
precursor B-cell ALLs may express one or more myeloid-
associated antigens, including CD13, CD15, CD33, and

and blast-associated TDT (terminal deoxynucleotidyl
transferase). The cells located in the lower left quadrant of
frames C, D, E, and F are negative for the markers indicated on
the x- and y-axes. SSC, side light scatter (a measure of internal
cell complexity or granularity); MPO, myeloperoxidase. PerCP,
FITC, PE, and APC are fluorochromes conjugated to antibodies
used to identify cell antigens. (Color plate 1.3)

CDé66c. The presence of one or more of these myeloid
markers is not associated with a poor treatment response.
However, if myeloperoxidase is detected in blasts that
express CD19 or CD22 plus CD79a, the patient’s leukemia
would qualify as an MPAL. Most of these patients have a
poor overall survival.

Precursor B-cell lymphoblastic leukemia can be further
subclassified according to stages of normal B-cell matura-
tion. TheseincludePro-B, Pre-B, Late Pre-B,and Transitional-B
ALL. They are differentiated by their expression pattern
of immunoglobulin heavy and light chains, as shown in
Table 1.1.

(Continued)
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Acute leukemia immunophenotyping studies

CD45 + CD45 + CD45 + CD45 + CD45 +
CD19 + CD19 - CD19 + CD19 - CD19 -
cyCD79a + cyCD79a - cyCD79a - cyCD79a - cyCD79a -
CcD7 - CDh7 + CcDh7 + CcDh7 + CDh7 +
cyCD3 - cyCD3 + cyCD3 - cyCD3 - cyCD3 -
MPO - MPO - MPO + MPO - MPO -
CD13 + CD13 + CD13 + CD13 + CD13 +
CD33 + CD33 + CD33 + CD33 + CD33 +
CD117 - CD117 - CD117 + CD117 + CD117 +
CD61 - CD61 - CD61 - CDé61 - CD61 -
CD235a - CD235a CD235a CD235a + CD235a +
| B-Lineage ALL | | T-Lineage ALL | | AML MO-M5 | | AML M7 |

Figure 1.4 Algorithm for assigning the cell lineage to acute
leukemias based on the expression of B-, T-, and myeloid-
associated markers. A panel of 10 markers allows for the lineage
assignment of over 95% of acute leukemias. Lineage
associations of markers: (1) pan-leukocyte: CD45; (2) B-lineage:
CD19 and CD79a (CD22 may be substituted for CD79a); (3)
T-lineage: CD3 and CD7; (4) myeloid lineage: CD13, CD33,

myeloperoxidase (MPO), and CD117 (CD117 is a common
marker of myeloblasts, rarely expressed by T-cell acute
lymphoblastic leukemia (ALL)); (5) erythroid: CD235a
(glycophorin A); and (6) megakaryocytic: CD61. cyCD3,
cytoplasmic CD3; cyCD79a, cytoplasmic CD79a, AML, acute
myeloid leukemia; MO-M7, subtypes of the French-American-
British (FAB) Classification of AML.

Table 1.1 Four subtypes of B-cell acute lymphoblastic leukemia (ALL) with their marker expressions.

ALL subtype Marker

CcD19 CD79a CcD10 cylgp slp slgk slgh
Pro-B + + +/— - - - -
Pre-B + + + + -
Late pre-B' + + + + + - -
Mature B? + + —/+ + T * *

cylgp, cytoplasmic mu heavy chain; slgy, surface mu heavy chain; slgk, surface kappa light chain; sigk, surface lambda light chain;
positive; —, negative; +/—, usually positive; —/+, frequently negative.

*Either kappa or lambda expressed, but not both.

'Late pre-B-ALL blasts express surface Igj bound to pseudo-lambda light chains (CD179a or CD179b).

“The mature-B-ALL subtype is uncommon and not the same as the leukemic phase of Burkitt lymphoma. Lymphoblasts express
surface IgM (immunoglobulin mu heavy chains bound to either kappa or lambda light chains) plus CD34 and/or terminal
deoxynucleotidyl transferase, and do not have a rearranged c-MYC.

+I

3. Is the subclassification of precursor B-cell lymphoblas- common ALL (i.e., Pro-B ALLs that express CD10 or so-

tic leukemia, as shown in Table 1.1, useful in predicting a
patient’s response to treatment? Can you defend your
answer?

A. Yes
B. No

Early studies of marker profiles of B-cell ALL showed
a favorable patient treatment outcome for patients with

called common ALL antigen (CALLA)). By contrast, patients
with pre-B fared less well. Subsequent investigations that
included cytogenetic abnormalities or that placed patients
on more intensive treatment regimens negated the impor-
tance of these subtypes. Furthermore, these studies showed
that pediatric patients with leukemias that do not express
CD10 usually have translocations involving MLL on chro-
mosome 1123 such as t(4;11)(q21;q23) or t(11;19)(q23;p13),
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translocations associated with poor patient outcomes.
Similarly, a quarter of patients with pre-B-ALL who lack
CD34 have a t(1;19)(q23;p13), a translocation that requires
more intensive treatment for a sustained remission.

If the peripheral blood and marrow aspirate specimens
have a high blast count, the core biopsy offers little if any
additional information. In fact, it is very difficult to distin-
guish blasts from other immature hematopoietic elements
and, not infrequently, normal bone marrow lymphocytes. In
our experience, the leukemia immunophenotype varies little
between the blood and bone marrow. There may be minor
losses or gains of CD10, CD20, CD34, and aberrant markers
such as CD13 and CD33. However, the yield of cytogenetic
abnormalities may be higher in marrow specimens. In our
experience, up to 20% of pediatric patients with ALL may
have bone marrows that cannot be aspirated or have “dry-
taps.” These same patients also tend to have no or very few
peripheral blood blasts.

4. Are difficult aspirates or “dry-taps” of bone marrow
involved with ALL due to reticulin fibrosis?

A. Rarely
B. Usually

The bone marrows of cases of ALL with “dry-taps” usually
show total replacement of normal hematopoietic precursor
elements but little if any significant increase of reticulin
fibers. One plausible hypothesis for the dry-tap is that the
leukemic blasts bind to each other due to high levels of cell
surface adhesion molecules. However, studies to support
this explanation are difficult to perform on formalin-fixed
core biopsies. In our experience, patients with a dry-tap
frequently have very few and sometimes no circulating
lymphoblasts. In those patients, a core biopsy is essential
for immunophenotype, cytogenetic, and molecular studies.
Immunohistochemistry using formalin-fixed paraffin-
embedded core biopsies can be used to study multiple lym-
phoid and myeloid markers. These include blast-associated
antigens CD10, CD34, CD117, and terminal deoxynucleoti-
dyl transferase (TDT). Lineage-restricted markers include
B-cell-associated CD20, CD79a, and PAX5; T-cell markers
CD2, CD3, CD5, and CD7; and myeloid-associated CD33,
CD68, CD163, myeloperoxidase (MPO), and lysozyme.
Cytogenetic, molecular genetic, and FC immunopheno-
type studies can be performed on cells teased out of a core
biopsy.

Cytogenetic studies of this patient’s marrow show a
hyperdiploid karyotype, 55XY, with extra chromosomes 4,
10, 21, and others. The patient was begun on ALL chemo-
therapy with an excellent response. However, at approxi-
mately 18 months, the patient failed to show for a follow-up
clinic visit. At 21 months post induction, the patient was
seen and noted to have a low normal WBC count with a

Diagnosis of acute lymphoblastic leukemia |

mild neutropenia and 2% blasts on morphologic exam of
a peripheral blood smear. A bone marrow aspirate showed
20% blasts and 10% “atypical” lymphocytes. Myelopoiesis
was slightly left-shifted, with a slight increase of erythro-
poiesis and megakaryopoiesis. Many of the late-stage eryth-
roblasts demonstrated mild megaloblastoid changes and
nuclear budding.

5. Which one of the following choices is most likely in this
patient? Can you defend you impression based on the
information above?

A. Early relapse of ALL
B. Early myelodysplastic syndrome, secondary to
treatment
C. Relapse leukemia, suggestive of lineage switch to AML
D. Normal hematopoietic and lymphoid regeneration fol-
lowing chemotherapy

The marrow finding and the clinical history are most sug-
gestive of normal hematopoietic and lymphoid regeneration
following chemotherapy. Patients with hyperdiploid karyo-
types with extra chromosomes 4 and 10 have an excellent
therapy response of over 90% if they complete therapy.
Given the patient’s cytogenetic finding at diagnosis and
excellent response to chemotherapy, an impression of early
relapse of ALL would not be our first choice. The myeloid,
erythroid, and megakaryocyte features are typical of a
regenerating marrow at the end of therapy. If therapy is
interrupted during maintenance, the preceding lymphoid
and myeloid changes may also be observed. The develop-
ment of myelodysplastic syndrome or AML in a patient with
low-risk ALL before the completion of therapy would be
highly unusual except for patients with chromosomal trans-
locations involving MLL. However, with this all said, one
must exclude early relapse by some other means. You have
two options: a cytogenetic study to look for cells with a
hyperdiploid karyotype and FC to detect abnormal lym-
phoblasts. Both studies were performed. Cytogenetics
showed 46XY, and Figure 1.5 shows the histograms of the
bone marrow FC study. The presence of three distinct
B-lymphoid populations (Figure 1.5, populations 1, 2, and 3
in frame A) with different CD45 intensities is consistent with
B-cell lymphoid regeneration. Frames B-F of Figure 1.5
show progressive B-cell maturation as indicated by the
direction of the arrows. Cells in population 1 (light blue
dots) are pro-Bs or lymphoblasts that express CD34, TDT,
and CD10. Pre-Bs that have lost CD34 and TDT are present
in population 2 (dark blue dots). Population 3 cells (red dots)
are mature B-cells that express normal amounts of CD20 but
not CD10. Further, none of the three populations express
myeloid-associated CD13 or CD33, as noted at diagnosis.
The final interpretation was “remission with hematopoietic
and lymphoid regeneration.”

(Continued)
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Figure 1.5 Flow cytometry immunophenotype study of the
bone marrow aspirate at 18 months post induction
chemotherapy. The dark gray dots represent CD19-positive
B-cells. Frame A shows the relative positions of these three cell
populations; they are labeled 1, 2, and 3, relative to their
intensity of CD45 expression. Mature T-lymphocytes are located
in the area labeled “4.” Frames B, C, D, and E show the marker
expression of TDT (terminal deoxynucleotidyl transferase),
CD34, CD10, and CD20 based on their CD45 expression.

Bone marrows of patients who interrupt their mainte-
nance therapy and marrows of patients one to several
months post completion of therapy will have a vigorous
regeneration of B-cell lymphopoiesis. Normal lymphoblasts
and immature lymphocytes may constitute up to 30% to 40%

Frame F is different in that it shows the intensities of CD10
versus CD20 for the three B-cell populations. The arrows
indicate the direction of increasing B-cell maturation. A review
of frame A of Figure 1.3 shows where the leukemic blast would
be expected to be in a two-parameter histogram of CD45
versus side light scatter (SSC). The open rectangles are where
the patient’s leukemic blasts would be located based on studies
prior to the start of therapy. (Color plate 1.4)

of the marrow elements, and it is normal to find lymphob-
lasts and immature lymphocytes in the peripheral blood.
The marrow frequently shows increased megakaryopoiesis
and erythropoiesis with mild dyspoietic erythroid changes,
as noted in this patient.

Case study 1.2

This case highlights the value of precision FC studies and an
appreciation of their limitations.

A 20-year-old male seeking to donate blood was told that
his hemoglobin level was too low to donate and was referred
to a hematologist. Other than some mild fatigue on exertion,
he had no other complaints. His physical exam was normal.
Laboratory studies showed Hgb of 7.5g/dL, WBC of 19,400/
mL, and platelets of 137,000/mL.

1. Based on the blast features in Figure 1.6, what is the
diagnosis? Choose the one best diagnosis from the
following.

. Acute lymphoblastic leukemia (ALL)
Atypical reactive lymphocytosis

Acute myeloid leukemia (AML)

. Acute megakaryoblastic leukemia (AML M?7)

ONnwp
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Although we no longer advocate for the use of cytochemi-
cal studies, a myeloperoxidase (MPO) stain was performed
in this case prior to FC analysis. The large blasts shown in
Figure 1.6 stain positive for MPO, and without additional
studies or information, a diagnosis of AML appears appro-

A

Figure 1.6 Images of stained bone marrow aspirate smears are
shown in two frames. The left frame is a Wright-Giemsa-stained
smear showing that the majority of marrow cells are a mix of
small and large blasts. The right frame is a cytochemical stain
for myeloperoxidase (MPO) using o’toluidine as the detecting
agent. A color reaction product indicates the presence of MPO.
Note the presence of MPO in a metamyelocyte and weak, focal
MPO positivity in several of the blasts. By differential count,
>20% of blasts are weakly positive for MPO. Left frame, 40x.
Right frame, 100x. (Color plate 1.5)
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priate. However, additional immunophenotype studies by
flow cytometry show that the small and large blasts express
CD34, myeloperoxidase (MPO), B-lineage-associated CD22
and CD79a, plus myeloid-associated CD13 and CD33 (see
Table 1.2).

2. Based on the flow cytometry immunophenotype study
results presented in Table 1.2, which one of the following
is the most appropriate diagnosis?

A. Mixed-phenotype acute leukemia (MPAL)
B. Acute myeloid leukemia (AML)

C. Acute undifferentiated leukemia (AUL)
D. Acute bilineal leukemia (ABL)

One of the most common requests of the hematopatholo-
gist is for clarification in distinguishing among the leuke-
mias listed in this question. The 2008 WHO classification of
acute leukemias lists the category of acute leukemias of
ambiguous lineage (ALAL). This category includes MPAL,
acute undifferentiated leukemia or acute leukemia of uncer-
tain lineage (blasts lack lineage-specific antigens), and acute
bilineal leukemia (two or more coexisting distinct blast pop-
ulations of different lineages). The patient’s leukemia fulfills
the WHO criteria for MPAL in that his leukemia blasts co-
express B-lineage and myeloid-lineage antigens. Less than
5% of all leukemias in children and adults are ALAL, and of
these, the vast majority are MPALs.

The 2008 WHO monogram details fairly well the immu-
nophenotype criteria for MPAL. However, in our experience
no two cases of MPAL are alike in their marker profiles
regarding the number of blasts co-expressing markers of two

Table 1.2 Expression myeloid- and lymphoid-associated markers by leukemic blasts in Case study 1.2.

Marker Lineage association’ B-ALL T-ALL AML Patient
CD45 Pan-leukocyte +(—)? + + +
CD19 Pan-B + - — () +

CD22 Pan-B + - - +
cyCD79a Pan-B + - ) — () +

CD7 Pan-T - + — () —
cyCD3 Pan-T - + - —
CD13 Myeloid, monocytic - () - () +/— +
CD33 Myeloid, monocytic - () -+ +/— +
CD117 Myeloid, monocytic - =3 +/— _
MPO Myeloid, monocytic - — +4 +

ALL, acute lymphobilastic leukemia; AML, acute myeloid leukemia; cyCD79a, cytoplasmic CD79a; cyCD3, cytoplasmic CD3; MPO,
myeloperoxidase; +, positive; —, negative; —/+, positive in >70% of cases; —(+), usually negative but weakly expressed in up to

30% of cases.

"Expression by nonneoplastic leukocytes.

2Up to 10% of cases of B-cell ALL do not have detectable CD45.
3Expressed by some early pre-T ALL (less than 5% of all T-cell ALL).

“Not expressed in acute megakaryoblastic leukemia; negative in some acute monocytic leukemias.

(Continued)
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different lineages and the intensities of expression of those
markers. So you, as the oncologist, would want to be reas-
sured of the criteria used by the hematopathologist for
calling something positive. These finer criteria are not
defined by the WHO monogram or by most texts. The oncol-
ogist should consult a hematopathologist with extensive
FC experience and a thorough knowledge of its limitations
when rendering an interpretation of MPAL. Furthermore,
that hematopathologist should have studied more than just
a few cases of ALAL. For purposes of this case discussion
and in the simplest of terms, MPAL is diagnosed when it is
clearly demonstrated that there is co-expression of lineage-
specific lymphoid plus MPO by the leukemic blasts. This is
true of the blasts of this patient. Though not intentional, the
WHO classification further complicates matters by sub-
grouping MPAL based on cytogenetic abnormalities.

3. Which one of the following abnormal cytogenetic find-
ings is not associated with ALAL?

A. t(6;9)(p23;934) DEK-NUP214 (CAN)
B. 1(9,22)(q34;,q112) BCR-ABLI

C. (11;19)(q23;p13.3) MLL-ENL(MLLT1)
D. t(9;11)(p22;q23)  MLLT3-MLL

Jes]

. t(4;11)(q21 ;q23) AF4(MLLT2)-MLL

The WHO classification further subgroups MPAL based
on the presence of chromosomal translocations of MLL,
including t(4;11), t(9;11), and t(11;19); BCR-ABLI1; or the

absence of these translocations. If one of these translocations
is absent, MPAL is further subclassified by immunophe-
notype results as follows: (i) T/myeloid, not otherwise
specified (NOS); (ii) B/myeloid, NOS; and (iii) MPAL,
NOS—rare types. One can consult the 2008 WHO mono-
gram for more information on the diagnostic criteria for
these subgroups.

Cytogenetic study of the patient’s leukemia shows a BCR-
ABLI1 translocation.

4. What other studies may be helpful in this case? Why?

Following the disappearance or persistence of BCR-ABL1
transcripts by quantitative reverse transcription polymerase
chain reaction (RT-PCR) or real-time quantitative PCR (RQ-
PCR) is highly desirable for following the patient’s response
to treatment. Thus, an initial baseline quantitative BCR—
ABL1 transcript value followed by regularly monitored
levels will be the single most important test for monitoring
the patient’s leukemia status. Studies for MRD by flow
cytometry immunophenotyping may also be performed, but
we do not recommend this duplication of effort if quantita-
tive RQ-PCR is being performed. Likewise, karyotyping
studies with a sensitivity of approximately 10~? should not
be performed if PCR studies are available. Recent reports
indicate that adding imatinib mesylate or similar agents to
the therapeutic regimen of patients with acute leukemias
harboring BCR-ABL]1 is beneficial.

Case study 1.3

The diagnosis and management of a patient with a large
leukemia burden at diagnosis are discussed from a clinical
laboratory point of view. The following discussions high-
light the value of FC for identifying an unfavorable subtype
of T-cell ALL and detecting small numbers of leukemic cells
in the marrow and other sites at diagnosis and following
treatment.

History

A 35-year-old man is referred to Hematology service with a
history of increasing shortness of breath and an anterior
mediastinal mass. Physical examination is significant for
supraclavicular lymphadenopathy. A CBC shows a marked
leukocytosis with a WBC count of 96,000/pL and a manual
differential of 85% blasts. The Hgb was 8.0g/dL, and plate-
lets were 100,000/pL. Normal bone marrow elements are
replaced by blasts (Figure 1.7: frame A, Wright stain; frame
B, myeloperoxidase stain). Peripheral blood was obtained
for FC to establish the leukemia’s lineage.

Figure 1.7 Cells of a bone marrow aspirate are shown in
frames A and B. Frame A shows blasts, a neutrophil, and a
late-stage erythroblast. Blasts resembling those in the peripheral
blood comprise the majority of cells in the bone marrow. These
blasts have monocytoid-like nuclear features but contain no
cytoplasmic granules or Auer rods. Frame B is a cytochemical
stain for myeloperoxidase (MPO) using o’toluidine. A single-
band neutrophil is positive for MPO.

(Color plate 1.6)
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1. Based on the flow cytometry studies in Figure 1.8A
and 1.8B, which of the following leukemias is the patient’s
diagnosis?

A. Precursor B-cell ALL

B. Adult T-cell leukemia/lymphoma

C. Precursor T-cell ALL

D. Mixed-phenotype acute leukemia (MPAL), T/myeloid
subtype

The absence of B-associated antigens excludes precursor
B-cell ALL. Adult T-cell leukemia/lymphoma (ATLL) or
HTLV-1 associated leukemia/lymphoma is composed of
leukemic cells that correspond to mature T-cells. The pres-
ence of CD34 and CD117 on the leukemic blasts is indicative
of an acute leukemia. The presence of CD7 plus cytoplasmic
CD3 is diagnostic for T-cell lineage. The blasts also express
myeloid-associated CD13 and CD33, but based on the crite-
ria presented in Case study 1.2, this is not MPAL since
there is no MPO. The co-expression of myeloid-associated
markers by the blasts of T-ALL is less frequent than in B-cell
ALL, but 25% of cases may express weak CD13 or CD33.
Interestingly, up to 15% of cases may weakly express
B-cell-associated CD79a but not B-cell-restricted PAX5 or
CD22. A summary of the marker expression in Figure 1.8A
and 1.8B plus several additional marker study results are
shown in Table 1.3.

The additional information allows for subclassifying this
patient’s T-cell ALL. Classically, T-cell ALL was subclassified
into three to five subtypes based on normal stages of T-cell
maturation in the thymus. One such classification is listed
in Table 1.4.

2. Based on the marker expression in Table 1.3 and the
subclassification of T-ALL in Table 1.4, which one of the
following choices best describes the patient’s T-ALL?

A. Early pro-thymic T-ALL
B. Early thymic T-ALL
C. Common thymic T-ALL
D. Late thymic T-ALL

Early studies suggested that patients with common thymic
T-cell ALL had a better overall survival rate than those with
early or late thymic T-cell ALL. The expression of CD10 by
T-ALL is associated with better overall survival in many
studies but loses significance with improved treatment.
More recently, a key investigation recognized a distinct
entity of T-cell ALL that resembles early T-cell (ETC) precur-
sors in the thymus. These ETC precursor cells retain stem
cell-like features. These leukemias have a distinctive immu-
nophenotype, CD7*, CD1a", CD8", or CD5weak/~, with one
or more stem cell (CD34, CD117, or HLA-DR) or myeloid
markers (CD11b, CD13, CD33, or CD65). These patients also
have an ETP-related gene expression signature. Patients
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with this form of leukemia had a “high risk of remission
failure or hematologic relapse.”

3. Based on the immunophenotype profile of this patient,
would you consider him a patient with ETP-ALL? If yes,
what treatment options, if any, do you have?

Yes, the patient is an example of ETP-ALL. For this patient,
the hematopathologist should be expected to provide up-
to-date information on potential molecular studies that
would allow for consideration of treatment options at time
of relapse. For example, the above study identified a high
recurring rate of mutations that affect three pathways associ-
ated with AML. Other studies show an association of FLT3
mutations with ETP-ALL. It remains to be seen if therapies
directed toward AML would be beneficial for patients with
ETP-ALL.

4. What other two important studies have not yet been
discussed for this patient?

Cytogenetics and cerebrospinal fluid (CSF). Abnormal kary-
otypes are identified by classical cytogenetics in 50% to 60%
of T-ALL. The most common recurring abnormalities involve
the alpha and delta TCR at 14q11.2, the gamma TCR at
7p14-15, and the beta TCR at 7q35. Cytogenetic study of the
bone marrow of this patient showed 46XY, der(11)del(11)
(p11.2p15) inv(11)(p11.2q22), which is not a recurrent cytoge-
netic abnormality in T-ALL.

Leukemic blasts can be identified in the CSF in up to 30%
of patients at diagnosis. Those with central nervous system
involvement are at higher risk of relapse, and thus every
patient with T- or B-cell ALL must have their CSF examined
for leukemic blasts. However, the detection of small numbers
of blasts is very difficult by cytologic examination. In part,
this is due to the apoptosis of leukemic blasts in CSF that is
not examined shortly (within 1 hour) after the lumbar punc-
ture procedure. Further, artifacts created by the cytospin
preparation smear may result in non-neoplastic lymphocytes
taking on the features of blasts or in blasts being lost by this
methodology. FC immunophenotype study of CSF greatly
improves the sensitivity and specificity of detection of small
numbers of leukemic blasts. This patient’s CSF fluid con-
tained 5 WBC/pL with several questionable blasts as shown
in Figure 1.9. A study of the CSF by FC detected a significant
population of CD3* and TDT* leukemic blasts, as shown in
Figure 1.10.

The detection of MRD in ALL following induction chemo-
therapy is a powerful prognostic indicator of treatment
success. Levels of 107> to 10° at end of induction are highly
correlated with risk of relapse and are independent of other
clinical, cytogenetic, and molecular prognostic factors. Serial

(Continued)
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Figure 1.8 (A) Flow cytometry immunophenotype study of the
peripheral blood. Marker expressions of the neoplastic blasts in
the peripheral blood are shown in six representative histograms.
The clusters of dots represent blasts, mature lymphocytes,
monocytes, and granulocytes. The left upper frame of an SCC
(side light scatter) versus CD45 histogram shows no to weak
expression of CD45 by the blasts. The cells within the open
black rectangles represent blasts that are positive for CD34,
CD7, CD5, or CD8. For example, almost all blasts express CD34

(Color plate 1.7)
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but not CD8. As indicated by the lower right histogram, the
blasts express weak cytoplasmic CD3 but not terminal
deoxynucleotidyl transferase. (B) Flow cytometry
immunophenotype study of the peripheral blood. The four
frames show additional studies of CD117, CD33, CD13,
myeloperoxidase (MPO), and CD79a expression by the
leukemic blasts. Refer to Figure 1.8A for interpretation

of positive or negative expression of these five markers.
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Table 1.3 Marker expressions by the leukemia blasts in Case study 1.3.
Marker Lineage Association B-ALL T-ALL AML Patient
CD45 Pan-leukocyte +! + + +
CD34 Blasts +/— —/+ 4/ +
DT Lymphoblasts + +(=) — _
cD117 Blasts — 2 +(=) +
CD1a Thymic T-cell — +/— - —
CD2 Pan-T; NK-cells + — _ _
cyCD3 T-cells — + — +
CD3 T-cells — —/+ - _
CD4 Helper T-cells — +/— - —
CD5 Pan-T cell — +3 - _
CDh7 Pan-T cell / NK-cells — + —(+) +
CD56 Cytotoxic T-cells and NK-cells - —/+ —/+ _
CD19 Pan-B cell + - _4 _
cyCD79a Pan-B cell + 4 _4 _
CD13 Myelo/monocytic —/+ —/+ + (- T
CD33 Myelo/monocytic —/+ —/+ 4 (— +
MPO Myeloperoxidase — - + (=~ _
ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; cyCD79, cytoplasmic CD79a; cyCD3, cytoplasmic CD3; TDT,
terminal deoxynucleotidyl transferase; MPO, myeloperoxidase; +, positive; —, negative; +/—, positive in >70% of cases; — (+),
usually negative, but weakly expressed in up to 30% of cases; + (—), usually positive, but negative in up to 30% of cases.
"Up to 10% of cases of B-cell ALL do not have detectable CD45.
23% to 5% of T-ALLs express CD117.
3~5% of T-ALLs do not express CD5.
“Weakly expressed in a minority of cases.
Table 1.4 Classification of T-ALL based on corresponding stages of normal thymic T-cell maturation.
Thymic stage Marker expression

CD34 CcD7 cyCD3 sCD3 CD5 CD1a CDh4 CD8 CcD10

Early pro-T +/- + + - +/- - - +/- -
Early-thymic - + + - + - — +/— —
Mid-thymic - + + +/- + +/- +/-! +/-! +
Late-thymic - + + + + - 42 42 _

'Co-expression of CD4 and CD8 is common.
2Either CD4 or CD8, but not both, is expressed.

measurements of MRD during treatment also provide prog-
nostic information, but the timing of these measurements
may be crucial, and further discussion is beyond what is
possible here.

Studies for MRD by molecular methods target clone-spe-
cific B- and T-cell receptor rearrangements (e.g., IGH, IGK,
TCRr~, and TCRB) and chimeric fusion gene transcripts (e.g.,
BCR-ABL1 and AF4-MLL). However, performance of these
studies by RQ-PCR is laborious, difficult to standardize, and
expensive. Thus, FC evaluation of MRD is often favored
over molecular methodologies. Since almost all cases of ALL

express atypical intensities and/or aberrant markers (i.e.,
markers of another lineage), MRD by FC is possible in over
95% of ALL during treatment. The sensitivity for MRD by
FC approaches that of molecular means, with levels of 10~
in most cases. However, this level of sensitivity requires the
identification of atypical and/or aberrant antigen expression
by the leukemic blasts at diagnosis. Performance of MRD by
FC requires carefully designed methodologies and optimal
specimens. Laboratories performing MRD should provide
the validation and sensitivity of their methodology upon
request.

(Continued)
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Figure 1.9 Images of a cerebrospinal fluid (CSF) cytospin preparation. No RBCs are present, indicating a clear “lumbar puncture”
not contaminated with peripheral blood. The larger frame (40x) shows a small normal lymphocyte and monocyte. The inserted
frame (100x) shows a blast form with a deeply indented nucleus and scant cytoplasm. Wright-Giemsa stain. (Color plate 1.8)
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Figure 1.10 Flow cytometry
immunophenotype study of
cerebrospinal fluid (CSF). The upper
left frame is a study of CD45
(common leukocyte antigen)
intensity versus side light scatter
(SSC). The blue dots are mature
lymphoid elements. The pink dots
are cells with weak or dim CD45
expression as is typical of blasts. The
light-gray dots are dead cells and
cellular debris. The other histograms
represent studies of cytoplasmic
CD3 (cyCD3 APC), terminal
deoxynucleotidyl transferase (TDT
FITC), and CD56 (CD56 PE), the
latter being a marker of cytotoxic
T-cells and NK-cells. The cells
represented by the medium-gray
dots co-express cytoplasmic CD3
and nuclear TDT (shown in the
lower left histogram). Normal
cerebrospinal fluid does not contain
cells that co-express CD3 and TDT.
(Color plate 1.9)
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Case study answers

Case study 1.1

Question 1: Answer C and D

Question 2: Answer A
Question 3: Answer B
Question 4: Answer A
Question 5: Answer B

Case study 1.2

Question 1: Answer C
Question 2: Answer A
Question 3: Answer A

Case study 1.3

Question 1: Answer C
Question 2: Answer A
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CHAPTER

Prognostic markers and models in acute
lymphoblastic leukemia

Dieter Hoelzer

University Hospital, Frankfurt am Main, Germany

Acute lymphoblastic leukemia (ALL) is not a uniform
disease but is characterized by subgroups with different
biological and clinical features and cure rates. They have
prognostic impact for either the achievement of remission
or the remission duration. There are two phases to evaluate
prognostic factors: the first are the patient characteristics at
diagnosis, and second is the response to treatment (Table
2.1). Pretherapeutic prognostic features are age, initial
white blood cell count (WBC), immunophenotype, and
abnormal cytogenetics or molecular genetics. Response
parameters are achievement of complete remission (CR),
now molecular remission (MolCR), and time to achieve a
CR and MolCR. The aim of evaluating prognostic factors
in ALL is to stratify patients into good and poor risk groups
and to adapt different treatment strategies accordingly. The
most important decision in adult ALL is, thereby, whether
a patient should have a stem cell transplantation (SCT) in
first remission or not.

Pretherapeutic prognostic markers

Age

¢ What is the prognostic value of the age of an adult ALL
patient, and what are the therapeutic implications?

¢ Is there a best age cut-off?

Increasing age is undoubtedly associated with poorer
outcome in all studies. The earlier defined age cut-off of 35
years was the best dichotomy in the survival curve, and
was oriented on the age limit for allogeneic stem cell trans-
plantation (allo-SCT) at that time. This age limit is still of
relevance, but with a different therapeutic consequence;
recently applied pediatric-inspired protocols for adoles-
cents and young adults (AYAs) are applicable up to an age

of 35 to 40 years, and beyond that are associated with an
unacceptable toxicity. Patients older than this age limit
have a substantially poorer outcome and an increasing inci-
dence of adverse risk factors.

White blood cell count

e Does WBC at diagnosis still have a prognostic impact?
e Is the WBC still of prognostic relevance with the
cytogenetic and genetic markers now available?
Elevated WBC at diagnosis (>30,000-50,000/ml) as a poor
prognostic feature has been confirmed in various trials. It
was even considered as the most deleterious prognostic
factor in B-precursor ALL with overall survival of 19-29%.
The biological reason for the highly resistant behavior of
B-precursor ALL with high WBC is unclear. Probably in the
future, additional molecular markers can help to clarify the
underlying mechanisms. Due to the high relapse rate eval-
uation of minimal residual disease (MRD), the use of exper-
imental drugs and SCT modalities seems particularly
important.

Cytogenetic and genetic markers

¢ Are cytogenetic and genetic markers relevant for treat-
ment decisions?

Yes, absolutely. Philadelphia chromosome-positive ALL
with the t(9;22) translocation and the BCR-ABL fusion
transcript is the most frequent cytogenetic abnormality in
adults, which accounts for 25% of all adult B-lineage ALLs,
with a strong age-related incidence, increasing from <3%
in children up to 40-50% in adults aged >50-60 years. Ph+
ALL was so far the poorest ALL subtype, with a CR rate of
~70% and a survival rate at 5 years of <10% with chemo
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Table 2.1 Prognostic factors for risk stratification of adult acute lymphoblastic leukemia (ALL)'.

Good

Adverse

Pretherapeutic

B-lineage

T-lineage

Clinical parameters

* Age

e White blood cell count
¢ Organ involvement?®
Immunophenotype

Cytogenetics, molecular genetics,
and gene expression profiles

<35 years old
<30,000/pl

Thymic T

TEL-AML1 (?)
HOX112 (?)
NOTCH1? (?)
9p del (7)
Hyperdiploid (?)

>35 years > 55 years > 70 years
>30,000/pl

Pro-B (CD10-)
Pre-B (CD10-)

t(9;22)/BCR-ABL

t(4;11)/ALL1-AF4

t(1;19)/E2A-PBX (?)

Complex aberrations (?)

Low hypodiploid or near tetraploid (?)

>100,000/ul (?)

Early T (CD1a—, sCD3-)
Mature T (CD1a—, sCD3+)

HOX11L2% (?)

CALM-AF42 (?)

Complex aberrations (?)

Low hypodiploid or near tetraploid (?)

Treatment response

Prednisone response
Time to complete remission
MRD after induction

Good
Early
Negative < 10~*

Poor
Late (>3-4 weeks)
Positive > 107

'Generally accepted factors are printed in bold.
2Overexpression of genes.

30rgan involvement, particularly central nervous system involvement, and mediastinal tumors have lost their adverse impact with recent

treatment strategies.
MRD, minimal residual disease.

and <30% with allo-SCT. Targeted therapy with tyrosine
kinase inhibitors (TKIs) directed against the BCR-ABL
fusion transcript has changed the perspective completely;
CR rates are now >90% and survival >50%. This demon-
strates convincingly that prognostic factors are changing
with therapy, and thus risk group stratifications and treat-
ment algorithms need constant refinement.

Immunophenotype

Immunologic subtypes are not only associated with differ-
ent clinical presentations but also partly associated with
distinct cytogenetic and/or molecular aberrations and with
prognosis. The expression of surface antigens is of increas-
ing importance for targeted therapy with monoclonal
antibodies.

e Is there a difference in the prognostic impact of
B-lineage ALL versus T-lineage ALL, and is it justified to
have different treatment approaches?

The earlier observed adverse prognostic impact of T-lineage
ALL compared to B-lineage ALL has disappeared.

¢ Within the B-lineage or T-lineage ALLs, are there sub-
groups with a different prognosis?

Pro-B-ALL/t(4;11)

Pro-B-ALL patients, where in most but not all cases the
t(4;11) translocation can be detected, are considered high-
risk patients in nearly all trials. They apparently benefit
from high-dose cytarabine-based regimens and SCT as
reported from the German Multicentre ALL (GMALL)
studies. CD10-negative pre-B-ALL has been identified as a
subgroup with similar adverse features as pro-B-ALL.

In B-lineage ALL patients, those with pro-B-ALL, defined
as CD10-negative—mostly associated with the cytogenetic
aberration t(4;11)—have an inferior outcome compared to
those with pre-B and common ALL, but will benefit from
an allo-SCT in CR1.

Common and pre-B-ALL

Within this B-lineage ALL, a variety of targeted monoclonal
antibody therapies directed against surface antigens (e.g.,
CD20, CD19, and CD22) have developed and are under
investigation.

¢ Is antigen expression by itself a prognostic marker?
The question arises of whether antigen expression itself
within an immunologically defined subtype is a prognostic



20 | Acute Lymphoblastic Leukemia in Adults

marker. CD20 expression, observed in ~40% of adult pre-
B-ALL and common B-ALL, seemed to have an adverse
prognostic impact, being probably age related, but the data
are controversial, and recently it has been shown not to
have an adverse impact at least in childhood ALL. Also, the
improved outcome of CD20-positive B-lineage ALL receiv-
ing anti-CD20 moAb (rituximab) has already overcome the
potential adverse influence.

* Are cytogenetic and molecular markers overcoming
the prognostic impact of an immunophenotype?

T-lineage ALL

T-ALL comprises the subtypes early T-ALL, thymic
(cortical) T-ALL, and mature T-ALL, which was the
most relevant prognostic factor for T-ALL in the GMALL
studies.

There is a strong correlation of outcome to the immu-
nophenotypic subtypes cortical-thymic T-ALL versus
early T-ALL or mature T-ALL. Thymic T-ALL is CDla-
positive and constitutes about half of adult T-ALL patients;
their survival at 5 years is >50-60%. The subtypes early
T-ALL and mature T-ALL have a lower rate of CR and
a poorer survival; both subtypes profit from an allo-SCT
in CR1.

* Are genetic markers in T-lineage superseded by the
prognostic impact of the immunophenotypic T-ALL
subtypes?

It seems that the relevance of immunophenotype is
even underlined by genetic markers; in fact, the overex-
pression of HOX11, HOX11L2, SILTAL1, and CALM-AF10
is associated with subtypes, that is, maturation states of
thymocytes.

Some groups observed inferior outcomes for early
T-ALL: coexpression of CD13, CD33, and/or CD34; a high
expression of the transcription factors ERG and/or BAALC;
and overexpression of HOX11L2 and SILTAL-positive ALL.
Low expression of ERG and BAALC was associated with
favorable outcome as well as overexpression of HOX11,
which is associated with thymic T-ALL. Notchl-activating
mutations with so far unclear prognostic relevance were
identified in up to 50% of T-ALL cases. They may be tar-
geted by ~-secretase inhibitors. Five percent of T-ALL
shows the NUP214-ABL1 aberration, which may identify
a target population for imatinib therapy.

Altogether, there have been more and more attempts to
stratify T-ALLs by genetic markers, mostly based on retro-
spective analysis of study results, but the impact on pro-
spective risk stratification and different treatment strategies
is limited.

Response parameters

¢ Is achievement of CR a prognostic marker for overall
outcome, or is time to CR more important?

Response parameters after induction therapy are highly
predictive for the further outcome of a patient with an ALL,
such as time to achieve a CR within 3—4 weeks or a MolCR
after 14-16 weeks. The rate of CR is prognostically less
relevant since >95% of children and >90% of adults achieve
a CR. Although the CR rates are so high, 40-50% of adult
patients eventually relapse. The reason is the limited sen-
sitivity to measure the cell reduction by cytomorphology
despite potentially 1-5% leukemic cells in the bone marrow,
and the more sensitive method to detect leukemic cells on
a molecular level is evaluation of MRD.

Stratification into risk groups

* What is the purpose of stratification into risk groups?
Pretherapeutic prognostic factors and response parame-
ters, now preferably MRD, are used to define risk groups;
standard-risk (SR) patients are generally defined as those
without any adverse risk factors, whereas high-risk (HR)
patients have one or more risk factors. Several large adult
ALL study groups have similarly defined risk groups. The
aim of these prognostic models is to identify an SR group
with a good outcome (e.g., with an expected >50% survival
probability at 5 years in adults) and the HR patient group
with a less favorable outcome. HR patients are generally
candidates for an immediate SCT in CR1, whereas SR
patients in most studies continue with consolidation cycles
+ reinduction and maintenance therapy.

In several study groups, there was also the definition of
a very-high-risk (VHR) group in adults, preferentially
patients with Ph- and bcr-abl-positive ALL. As discussed,
however, the prognosis of this subtype has completely
changed with combined treatment modalities using TKIs.
Thus, to currently define Ph-positive ALL as a very poor
risk group is a pitfall.

e Will MRD evaluation replace pretherapeutic risk
factors?

Questions arise regarding whether the evaluation of MRD
overcomes all pretherapeutic risk factors, and whether it
should be combined with the pretherapeutic factors or
remain as the only stratification criterion. The risk stratifi-
cation used in the GMALL studies and shown in Figure 2.1
is a practical approach to bring the conventional prognostic
factors and MRD into a decision algorithm. At diagnosis,
patients are stratified into SR or HR patients. Because HR
patients are candidates for a SCT in CR1 after induction
and consolidation therapy, the optimal time point for the
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Risk stratification according to
prognostic factors at diagnosis

Standard risk (SR):
No adverse factor

High risk (HR):
=1 adverse risk factor

» Donor search at diagnosis:

for HR/Ph+ patients
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Induction and
consolidation therapy

Risk stratification according to
minimal residual disease (MRD)
evaluation (week 16)

MRD negative:
— Chemotherapy

MRD positive:
— SCT

Time to stem cell
transplantation (SCT): ~3

months SCT realization:

Figure 2.1 Practical approach for
treatment stratification in adult acute
lymphoblastic leukemia (ALL).

donor search is immediately after diagnosis. In this way, a
suitable HLA-matched, mostly unrelated donor will be
found within the period of ~3 months to guarantee a SCT
rate of 79-80%. Initial diagnosis also identifies the patients
who are candidates for a targeted therapy, for example,
TKIs for Ph- and bcr-abl-positive patients, or monoclonal
antibodies for those with specific surface antigens.
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CHAPTER

Management of B-cell acute
lymphoblastic leukemia
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The University of Texas MD Anderson Cancer Center, Houston, TX, USA

1. Whatis the standard of care for front-line management
of Philadelphia chromosome-negative (Ph—) acute lym-
phoblastic leukemia (ALL)?

The front-line strategy for the management of adult ALL is
similar to that in pediatrics, and it involves induction
chemotherapy, multiple rounds of consolidation, a pro-
longed maintenance phase, as well as central nervous
system (CNS) prophylaxis. Most protocols call for approxi-
mately 3 years of therapy in total. There are several accepted
regimens employed in the United States, and most involve
the same key agents, which include vincristine, anthracy-
cline (e.g., doxorubicin or daunorubicin), and corticoster-
oids (e.g., prednisone or dexamethasone), with or without
some form of L-aspariginase. One such regimen is hyper-
CVAD, which employs the combination of hyperfraction-
ated cyclophosphamide, vincristine, doxorubicin, and
dexamethasone alternating with high-dose methotrexate
and cytarabine. Cycles are repeated approximately monthly
for eight cycles, at which point patients move to the main-
tenance portion of the regimen with daily mercaptopurine,
monthly vincristine, weekly methotrexate, and monthly
pulses of prednisone (POMP).

L-asparaginase, an enzyme used to deprive lymphob-
lasts of the non-essential amino acid asparagine, is consid-
ered an important component in pediatric ALL regimens.
It is also included in several of the commonly used adult
regimens, but the cumulative dose is generally less than
that of the pediatric programs. A pegylated form of the
drug allows for continuous exposure over a period of
weeks, reducing the number of infusions or injections that
a patient would be subjected to if receiving the conven-
tional preparation. More recently, a study from the German
Multicenter Study Group for Adult ALL (GMALL) was
presented, indicating that intensifying the dose of pegylated
asparaginase during induction and consolidation improved

the survival of younger patients with standard risk disease
at baseline. In this regimen, the drug was tolerated well,
although there was a significant increase in the incidence
of grades 3/4 hyperbilirubinemia. This led to treatment
interruptions that were found to have a prognostic impact
on the outcome. Other potential toxicities that pose a
problem include pancreatitis, thrombosis, allergic reaction,
hyperglycemia, and hypofibrinogenemia, among others.
This makes it highly important to determine the optimal
dose and timing of drug administration to prevent or avoid
adverse effects that may compromise further antileukemic
therapy. If the pegylated formulation is used, these prob-
lems can be delayed, arising typically 1 to 2 weeks after a
dose is given. A detailed review of asparaginase toxicity
and its management has recently been published by a
group of experts.

2. What is the role of anti-CD20 immunotherapy in the
treatment of B-lineage ALL (B-ALL)?

Approximately 50% of patients’ leukemic blasts express the
CD20 antigen. The prognostic role of CD20 expression in
ALL is controversial, but it is a marker against which tar-
geted therapies have been developed. Recently, data from
the MD Anderson Cancer Center has indicated that the
addition of rituximab, a monoclonal antibody against
CD20, to the hyperCVAD regimen improves overall sur-
vival (OS) in younger patients. These results were con-
firmed by a European study that also evaluated the role
of monoclonal antibody therapy added to conventional
chemotherapy. Although rituximab was incorporated
when CD20 expression was 20% or greater, anti-CD20
therapy may be beneficial regardless of CD20 expression at
diagnosis. Ofatumumab is another CD20-targeted mono-
clonal antibody currently approved for the management of
relapsed and refractory chronic lymphocytic leukemia
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(CLL). Ofatumumab is being evaluated in combination
with the hyperCVAD regimen in adults with newly diag-
nosed ALL.

3. What are the options for front-line management of
Philadelphia chromosome—positive (Ph+) ALL?

Ph+ ALL continues to pose a major challenge for the adult
population. Allogeneic stem cell transplantation (allo-SCT)
is regarded as the only curative intervention for this subset
of patients. Recently, the incorporation of small-molecule
tyrosine kinase inhibitors (TKIs) has improved the outcome
of these patients. The addition of a TKI to chemotherapy,
including anthracyclines, vincristine, and cytarabine, may
produce synergistic effects. Although the optimal schedule
of TKIs has yet to be determined in ALL, early initiation
and prolonged treatment courses have been implicated to
provide the best outcomes.

Imatinib

Imatinib combined with conventional chemotherapy has
been proven to be superior to chemotherapy alone in
several trials that have been published or presented to date.
A major mechanism of secondary resistance to imatinib
appears to be related to the acquisition of point mutations
within the BCR-ABL kinase domain, over 30 of which have
been documented, including the gatekeeper mutation
T3151, which causes resistance to imatinib as well as the
second-generation TKIs. Other BCR-ABL-independent
mechanisms of resistance include decreased drug influx
and activation of other downstream or parallel cell-
signaling pathways that promote cell proliferation and sur-
vival, such as the Src family of kinases (SFKs).

Dasatinib

Dasatinib is a second-generation TKI that is approximately
325-fold more potent against the BCR-ABL protein com-
pared to imatinib, and it has the ability to block the SFKs
(dual BCR-ABL and SRC kinase inhibitor). The SRC kinases
have been implicated as being required for the develop-
ment of Ph+ ALL. Dasatinib also retains activity against
most known tyrosine kinase domain mutations that confer
resistance to imatinib. Recently, dasatinib was found to be
superior to imatinib for the initial treatment of chronic
myeloid leukemia (CML) in the chronic phase. These favo-
rable characteristics made it appropriate to test combina-
tion chemotherapy with the addition of dasatinib in the
front-line setting for adult ALL. On a clinical trial recently
published, 35 patients with newly diagnosed Ph+ ALL
were treated with hyperCVAD and dasatinib. Dasatinib
was administered at 100mg once daily for the first 14 days
during the induction and consolidation cycles. If patients

B-cell acute lymphoblastic leukemia | 23

completed the consolidation portion, they went on to
receive monthly vincristine and prednisone while continu-
ing on dasatinib 100mg once daily. Ninety-four percent of
patients achieved complete remission (CR), and the esti-
mated 2-year survival was 64%. A very low percentage of
patients proceeded with upfront allo-SCT (4 of 36); it will
be important to assess whether dasatinib therapy modifies
the conventional notion that a transplant is absolutely indi-
cated for all patients who are fit for such a procedure and
have an adequate stem cell source. Nevertheless, addi-
tional follow-up is required before that will be determined.
In another recent report on older patients with Ph+ ALL
(age >55 years), Rousselot and colleagues (2009) used
induction treatment with steroids, vincristine, and dasat-
inib followed by consolidation cycles of dasatinib, and
chemotherapy, which resulted in a CR rate of 97%. With a
median follow-up of 12.4 months, median event-free sur-
vival and OS were not reached. Dasatinib is currently not
US Food and Drug Administration (FDA) approved for
front-line therapy of Ph+ ALL patients.

Nilotinib

Nilotinib is a second-generation TKI, derivative of imat-
inib, with an increased and more selective binding affinity
to the adenosine triphosphate pocket of the BCR-ABL
oncoprotein, resulting in activity that is 20-50 times higher
than the inhibitory activity of imatinib. It has demonstrated
activity against most kinase domain mutations, with the
exception of T315I and P-loop mutations. It is currently
approved for use in the treatment of newly diagnosed
patients with CML and patients with chronic-phase CML
who are resistant to or are intolerant of imatinib. Nilotinib
is not approved for use in patients with Ph+ ALL.
Kantarjian et al. (2006) first reported positive results in a
phase 1 dose-escalation study of nilotinib in imatinib-
resistant CML or Ph+ ALL, which included 33 patients in
the blast phase. Based on the encouraging results of a phase
II trial in the relapsed setting, Kim et al. (2011) reported on
the use of nilotinib in combination with chemotherapy
for front-line treatment of patients with newly diagnosed
Ph+ ALL, with a 90% hematologic remission rate and a
54% complete molecular remission (CMR) rate. With a
median follow-up of 17.4 months, the estimated recurrence-
free survival and OS at 2 years were 71% and 66%,
respectively.

Ponatinib

Although the results of second-generation TKIs combined
with chemotherapy are quite encouraging, patients still
relapse, and there are specific kinase domain mutations that
are not sensitive to any first- or second-generation TKIs.
The most notorious mutation for any Ph+ malignancy
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is T315I, which confers resistance to imatinib, dasatinib,
as well as nilotinib. Patients with Ph+ ALL receiving
dasatinib in a European study appeared to develop this
mutation at a relatively high frequency, making it impor-
tant to develop and examine options to combat this
problem. One strategy might be to utilize a TKI that has
activity against T315I-mutated disease, such as ponatinib.
Ponatinib is a rationally designed molecule that has activity
against nearly all known BCR-ABL kinase domain muta-
tions. Of note, ponatinib was approved in December 2012
for the treatment of adult patients with chronic-phase,
accelerated-phase, or blast-phase CML that is resistant or
intolerant to previous TKI therapy or Ph+ ALL that is
resistant or intolerant to previous TKI therapy. Approval
was based on a trial of 449 patients with various phases
of CML and Ph+ ALL. In this study, 41% of patients with
Ph+ ALL achieved a major hematologic response (HR)
for a median duration of 3.2 months. Importantly, ponat-
inib is active against all mutations, including T3151. It is
currently being evaluated as a front-line strategy in combi-
nation with the hyperCVAD regimen. Preliminary results
from the combination of ponatinib and hyperCVAD were
presented at the 2013 American Society of Clinical Oncology
(ASCO) meeting.

The National Comprehensive Cancer Network (NCCN)
guidelines recommend similar approaches to those
described here. Available data indicate that it is important
to start a TKI as soon as the presence of the Philadelphia
chromosome is confirmed. Moreover, the guidelines do not
specify a preference for which TKI is initiated in the front-
line setting (e.g., imatinib versus dasatinib). Despite the
fact that outcomes appear to be improving with current
therapies, the NCCN appropriately recommends first and
foremost that patients be considered for ongoing clinical
trials.

4. What are the potential strategies for salvage therapy in
patients with relapsed B-ALL?

The prognosis of adults with relapsed or refractory ALL is
generally poor, with median OS ranging between 4 and 7
months (Figure 3.1). As would be expected, patients who
are resistant to initial induction therapy, or those who have
a CR duration of less than 12 months, have a particularly
unfavorable prognosis. The expected 5-year OS for adults
with relapsed ALL is 5% to 10%, although some groups
report improved outcomes for patients whose first CR
duration was greater than 2 years. There are several salvage
drugs and regimens endorsed by the current guidelines,
but most of these strategies are suboptimal, and patients
should always be considered for entry into a clinical trial
first. There are several very promising new agents under
investigation, and patients should be referred to centers
that are accruing on these protocols.
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Figure 3.1 Remission duration and overall survival in relapsed
acute lymphoblastic leukemia (ALL); CR, complete remission
(Source: Kantarjian HM, et al. Cancer 2010;116:5568-74, 2010.
Reproduced with permission of the American Cancer Society).

5. What are the available conventional strategies for
treatment of relapsed B-ALL?

For patients who do not qualify for participation in a clini-
cal trial, the decision to use a salvage strategy is largely
based on the duration of first remission, performance
status, and organ function. It is also very important to
consider drug classes and agents that the patient has not
yet been exposed to. Furthermore, one must revisit the
cytogenetic and molecular characteristics of the particular
patient’s leukemia to appropriately design a treatment
plan.

An augmented version of the hyperCVAD regimen was
developed for use in adults with relapsed ALL. This
program included intensified doses of dexamethasone and
vincristine, and the addition of pegylated asparaginase to
the traditional hyperCVAD backbone. Ninety patients
were enrolled, most of them in first relapse, with 80%
having received standard hyperCVAD prior to experienc-
ing recurrent disease. The overall response rate (ORR) in
the study was 64%, with 47% of the patients meeting the
definition of CR. The 30-day mortality was less than 10%.
This may be an ideal regimen for relapsed patients who
have not received prior L-asparaginase.

Another approach could rely on using clofarabine in
the relapsed setting. Clofarabine is a nucleoside analog
approved for the treatment of pediatric ALL at time of
second relapse. Several clofarabine combinations have also
been explored in the pediatric and adult patient popula-
tions. Recently, a group from France tested two clofarabine-
containing regimens in patients with relapsed ALL. The
first regimen consisted of clofarabine, dexamethasone,
mitoxantrone, etoposide, and pegylated asparaginase. The
CR rate was 41%, with an early death rate of 14%. Five of
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37 patients experienced grades 3/4 neurologic toxicity. The
second regimen tested was a combination of clofarabine
and cyclophosphamide. This program also led to a rela-
tively high CR rate of 50%, with very little early mortality
and minimal unexpected toxicities. A multicenter phase II
trial was also conducted in a group of pediatric patients
using clofarabine combined with etoposide and cyclophos-
phamide. These patients were heavily pretreated, with 84%
receiving the regimen as salvage 2 or higher. The CR rate
on this study was 28%, and several patients were able to
move on to allo-SCT. Patients who had undergone allo-SCT
prior to being enrolled in this study seemed to be predis-
posed to severe liver toxicity (e.g., veno-occlusive disease
(VOD)), and the study was eventually amended to exclude
this group. In adults, the Programa Espanol de Tratamiento
en Hematologia (PETHEMA) published their experience
with several clofarabine-based regimens. They reported a
CR rate of 31% and manageable toxicity, with several
patients being able to proceed to allo-SCT. Most of these
patients had been treated with two or more chemotherapy
regimens.

Vincristine is part of the conventional backbone of ALL
therapy, but it causes peripheral neuropathy that can neces-
sitate dose reductions and its use in salvage chemotherapy
regimens may be problematic. The liposomal (sphingo-
somal) formulation of vincristine generally produces less
toxicity (e.g., neurotoxicity) and increased efficacy com-
pared with the conventional formulation. In 2012, lipo-
somal vincristine was approved by the FDA for the
treatment of the Ph— subset of patients with relapsed ALL.
Approval was based in part on a phase II clinical trial of 65
heavily pretreated patients in which 20% achieved a CR
(including CR with incomplete count recovery) with an
ORR of 35%. The median duration of remission was 23
weeks. Of note, although capping doses of conventional
vincristine at 2mg have become common practice, lipo-
somal vincristine may be administered without dose

capping.

6. What are the available investigational and/or targeted
strategies for treatment of relapsed B-ALL?

As discussed in this chapter regarding the use of rituximab
and ofatumumab, target-directed therapy against antigens
expressed on the surface of leukemic cells represents an
attractive strategy for fighting this disease and improving
patient outcomes. A description of currently available and
investigational monoclonal antibodies can be found in
Table 3.1. Aside from CD20, CD19, and CD22 are also
antigens that are highly expressed on B-lymphoblasts.
Monoclonal antibodies against CD19 and CD22 are moving
into advanced stages of development, and they have dem-
onstrated a high degree of activity, even in the most refrac-
tory settings.
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Table 3.1 Monoclonal antibodies for acute lymphoblastic
leukemia (ALL).

Drug Target Comment

Rituximab CD20 Improves overall survival in
younger adults with de novo ALL

Ofatumumab CD20 Distinct binding site from
rituximab may be beneficial

Inotuzumab CD22 Antibody drug conjugate linked
to the cytotoxin calicheamicin

Blinatumomab CD19 Bispecific antibody that engages
CD3-positive T-cells and directs
them to CD19-positive B-cells

Alemtuzumab CD52 Limited activity as a single agent
in adults with refractory disease

Epratuzumab CD22 Studied as part of combination
chemotherapy in relapsed
pediatric ALL; minimal activity as
a single agent

SAR3419 CD19 Antibody drug conjugate linked
to the tubulin toxin maytansine

Moxetumomab CD22 Pediatric refractory ALL; moderate

pasudotox (HA22) activity as a single agent

N, number of patients; S1, 1st salvage; S2, 2nd salvage; S3, 3rd
salvage.

Anti-CD22 antibodies

The rapid internalization of CD22 upon receptor binding
makes it an excellent target for monoclonal antibody-
cytotoxic chemotherapy conjugates. Once internalized, the
toxic component is released, causing cell destruction and
death. In theory, this would allow for a minimal dose of
chemotherapy to be delivered directly to the leukemic
blasts, thus minimizing off-target toxicity.

CD22 expression occurs in more than 90% of patients
with ALL. Inotuzumab ozogamicin is a monoclonal anti-
body against CD22 that is linked to calicheamicin, a potent
cytotoxin that induces double-stranded DNA breaks. The
initial trial was a dose-ranging study conducted in patients
with B-cell non-Hodgkin’s lymphoma. Objective responses
were documented in 39% of patients who underwent treat-
ment. The maximum tolerated dose (MTD) was deter-
mined to be 1.8mg/m* administered every 3 to 4 weeks.
Reversible thrombocytopenia was the most frequently
encountered toxicity.

Based on the results of the phase I study, Kantarjian et al.
(2012) conducted a phase Il study in relapsed ALL patients.
An initial dose of 1.3mg/m? was given to the first three
patients to ensure safety, but most patients went on
to receive 1.8mg/m’ every 3 to 4 weeks. Patients with
CD20-positive disease could have rituximab added to
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Table 3.2 Response rates of inotuzumab compared to conventional chemotherapy.

Overall response rate (%)

Parameter Inotuzumab Chemotherapy P-value
(N = 292)

Overall Monthly Weekly

(N = 89) (N = 49) (N = 40)
Overall 47 47 48 29 <0.001
S1 61 69 53 40 0.03
S2 44 38 60 16 <0.001
>S3 37 42 33 16 0.02

N, number of patients;
S1, 1st salvage; S2, 2nd salvage; S3, 3rd salvage

inotuzumab starting on cycle 3 if they exhibited stable
disease or no improvement. Forty-nine patients were
enrolled, and 73% of the patients received inotuzumab as
second salvage or greater. Fourteen percent of patients had
previously undergone allo-SCT. After a median of two
cycles of therapy, the ORR was 57%, with most patients
achieving complete remission with incomplete platelet
recovery (CRp) or complete remission with incomplete
hematologic recovery (CRi). Fever within 48h of drug
administration was the most common nonhematologic
toxicity, occurring in 59% of patients. Other important
toxicities included elevations in bilirubin and hepatic
transaminases. Twenty-two of 49 patients were treated and
subsequently went to allo-SCT. Of concern was the devel-
opment of clinical VOD in five patients (23%) in the post-
transplant setting. Several of these patients had also
received thiotepa or clofarabine as part of the preparative
regimen, which are known to be potentially hepatotoxic.
Two of the four patients undergoing a second allo-SCT had
clinical evidence of VOD posttransplant. Importantly, allo-
SCT did not appear to confer a survival benefit, potentially
due to the refractoriness of the patients studied or
transplant-associated complications.

A weekly schedule of inotuzumab was more recently
explored as an attempt to optimize the benefit-to-risk ratio
based on the pharmacodynamics and pharmacokinetics of
the drug. Twenty patients were given inotuzumab accord-
ing to the following schedule: 0.8mg/m?” intravenously
(IV) on day 1, 0.5mg/m* IV on day 8, and 0.5mg/m?* IV on
day 15. Thus, the same cumulative dose per cycle was the
same as given in the every 3- to 4-week schedule. Patients
received a median of two cycles, with an ORR of 50%. The
toxicity profile was similar to that of the previous study,
with transient elevations of bilirubin and transaminases
occurring in 35% of patients. Notably, however, there has
been no occurrence of clinical VOD, including in the four
patients who proceeded with allo-SCT after receiving ino-
tuzumab. The safety and activity of the weekly regimen

have been confirmed in a recent phase I multicenter study
using weekly inotuzumab, which was administered in
28-day cycles with a maximum of six cycles. The final dose
was determined based on both toxicity and evidence of
efficacy. The single dose-limiting toxicity observed to date
was a transient grade 4 elevation in lipase. The most fre-
quent (>10% of patients) treatment-related adverse events
were thrombocytopenia (31%, all grade 3/4), neutropenia
(15%), and elevated alanine aminotransferase (15%).
Responses were observed across all doses explored (total
dose: 1.2-2.0mg/m?/cycle). The preliminary ORR was
82%, including 36% of patients with a CR and 45% with a
CRi. Median time to response was 43 days. Six of nine
(67%) patients who achieved CR or CRi also achieved nega-
tive minimal residual disease (MRD).

Most recently, the MD Anderson experience has been
updated. The response rates of inotuzumab compared to
conventional chemotherapy in the salvage setting is pre-
sented in Table 3.2. A total of 83 patients were treated, 49
with single dose and 34 with weekly dose, with 71% of the
patients in salvage 2 or beyond. Overall, 14 patients (17%)
achieved CR, 23 (28%) had CRp, and nine (11%) had
marrow CR (no recovery of counts), for an ORR of 55%.
The response rate was 57% with a single dose and 53% with
a weekly dose. Only four patients died in the first 4 weeks
of therapy. Among 28 patients with cytogenetic abnormali-
ties who achieved response, 25 (89%) achieved completed
cytogenetic response. Among 44 patients who achieved
response and had MRD studies by multiparameter flow
cytometry, 28 (64%) became MRD negative. The median
survival was 5.4 months, 5.0 months with the single dose
and 6.3 months with the weekly dose. Reversible grade 1-2
and 3-4 bilirubin elevations were observed in 24% and 4%,
respectively, on single dose and in 3% and 0% on weekly
dose. Reversible grade 1-2 and 3—4 liver enzyme elevations
were observed in 55% and 2%, respectively, on single dose
and in 21% and 6% on weekly dose. Adverse factors for
response included salvage 2 or later versus salvage 1 (49%
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vs. 71%); Ph+ and t(4;11) abnormalities versus others (39%
vs. 62%). Allo-SCT was performed on 22 of 49 patients
(49%) on single dose and in 9 of 34 (26%) so far (shorter
follow-up) on weekly schedule: VOD was observed in 5 of
22 with single dose (23%) and in 1 of 9 with weekly dose
(11%). These data are encouraging given the refractory
nature of the patients who were treated. The combination
of inotuzumab with reduced-intensity hyperCVAD (“mini-
hyperCVAD”) chemotherapy is being tested as front-line
therapy in patients >60 years old with Ph— CD22+ ALL.
Preliminary results of this combination were presented at
the 2013 ASCO meeting (unpublished data).

Anti-CD19 antibodies

CD19 is another surface receptor with nearly universal
expression on B-ALL cells. The receptor also internalizes
sufficiently upon binding, making it reasonable to target
with immunoconjugated compounds. Harnessing one’s
immune system as a cancer-fighting modality has been
studied extensively. Recruiting T-cells directly to leukemic
blasts using monoclonal antibody technology may lead to
synergistic effects and improved outcomes.

Blinatumomab is in a class known as the bispecific T-cell
engaging (BiTE) molecules that actually contain compo-
nents of two monoclonal antibodies. One arm of blinatu-
momab is designed to bind CD3+ cytotoxic T-cells, while
the other recognizes CD19. Upon binding to CD19, the
T-cell becomes activated, thereby leading to the death of
the malignant cell. Because of its short half-life, blinatu-
momab is given as a continuous infusion for 4 weeks, fol-
lowed by a 2-week treatment break. The agent was initially
used in adult patients with ALL who had persistent or
resurgent MRD after induction or consolidation therapy.
This group would be expected to be at very high risk of
clinical relapse with continuation of conventional chemo-
therapy alone. Of 20 patients enrolled, 16 converted to
MRD- status, and eight patients subsequently received
allo-SCT. One patient had to be taken off study after the
development of a seizure, which was reversible after dis-
continuation of the blinatumomab. Other common toxici-
ties included fever and lymphopenia.

The GMALL group subsequently initiated a phase II
study to evaluate blinatumomab in patients with clinically
relapsed disease. The results were updated this year at
the American Society of Hematology (ASH) annual
meeting. Three dosing regimens were explored (Table 3.1)
to identify the optimal regimen with respect to efficacy and
toxicity. All regimens were given as 28-day infusions fol-
lowed by a 14-day rest period. Responding patients had
the option to receive three additional cycles of treatment or
to proceed to allo-SCT. Within two cycles of therapy, 68%
of patients achieved the definition of CR or CRi; 24 out of
26 (92%) responders also achieved a molecular response
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(MRD below 10™* as measured by polymerase chain reac-
tion) within the first two cycles. Thirteen patients pro-
ceeded to allo-SCT after blinatumomab treatment, and one
of them developed a medullary CD19— relapse after allo-
SCT. The median survival for all 36 treated patients is 9.0
months with a median follow-up time for OS of 10.7
months. The final dose selected was 5mcg/m?/day for 7
days, followed by 15mcg/m?/day for 21 days. The most
common adverse events included fever (70%), headache
(39%), and tremor (30%). Reversible CNS side effects were
observed in six patients, four of whom were able to resume
and tolerate treatment at lower doses. Thus, this final
dosing regimen of blinatumomab resulted in very high
rates of hematologic and molecular response with accept-
able toxicity. A global phase II study to confirm these data
is underway.

7. What are the future directions and perspectives in the
treatment of front-line and relapsed B-ALL?

It is clear that the incorporation of monoclonal antibodies
is changing the treatment paradigm for adults with ALL.
Thus far, the only antibody that has been evaluated as part
of the front-line treatment strategy is rituximab, and its
benefit was demonstrated when it was added to an accepted
chemotherapy regimen. The use of monoclonal antibodies
against CD20 is potentially hampered by the varying
degrees of expression of this antigen on lymphoblasts. An
interesting concept that has recently been studied is the
potential f