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PREFACE

Hematopoietic stem cell transplantation for patients with hematologic disorders is under-
going fast-paced changes, owing to evolving paradigms of stem cell plasticity and improved
understanding of mechanisms underlying immunologic tolerance. In Allogeneic Stem Cell
Transplantation, the editors have focused on assigning topics relevant to evolving knowledge
in the field in order to guide clinicians in decision-making and management of their patients.
The leaders in this discipline have responded by providing state-of-the-art discussions
addressing these topics.

Important advances in patient management include the use of tyrosine kinase inhibitors in
the treatment of chronic myelogenous leukemia that has abruptly changed previous standard
care paths for these patients in tracking toward allografting as consolidative therapy. More-
over, the results of randomized trials in breast cancer over the past few years have guided
clinicians away from use of autologous transplantation to focus now on newer perspectives
of potential graft-vs-tumor effects after allogeneic transplantation. The administration of
nonmyeloablative conditioning has also brought forth new concepts in the management of
hematologic malignancies, thought to be of particular importance in patients with multiple
myeloma and low grade non-Hodgkin’s lymphomas. The reduced toxicity of these novel
conditioning regimens has also raised new possibilities in the application of allogeneic stem
cell transplantation for patients with non-malignant hematologic disorders and selected solid
tumors such as renal cell carcinoma.

Further examples of innovation in allogeneic transplantation outlined in this text include
the results of phase I trials of umbilical cord blood as a new stem cell source, confirming its
safety and thereby alleviating previous restrictions for patients for whom an HLA-matched
graftfrom an adultdonoris notavailable. The previous focus of stem cell transplant physicians
onmeasurement and characterization of CD34-expressing hematopoietic stem cells has broad-
ened recently to examine the role of marrow mesenchymal stem cells and graft accessory cells
in facilitating engraftment and immune reconstitution. These issues of graft engineering play
animportantrole as the field has transitioned from the routine use of bone marrow to mobilized
peripheral blood stem cell grafting. Finally, the ongoing attempts to discern lymphocyte
populations critical in mediating graft-vs-leukemia/lymphoma effects and immune tolerance
are anticipated to benefit clinicians and patients, as well to reduce graft-vs-host disease inci-
dence and severity while preserving antitumor effects in patients undergoing allogeneic trans-
plantation.

The editors hope that this new information, well-summarized by the authors in Allogeneic
Stem Cell Transplantation, will prove of significant benefit to clinicians in the approach to and
care of their patients.

Mary J. Laughlin,
Hillard M. Lazarus, yp
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1 Hematopoietic Stem Cell Transplantation
A Historical Perspective

Frederick R. Appelbaum, mp
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1. INTRODUCTION

Over the last half-century, hematopoietic cell transplantation has evolved from an idea to
a well-established therapy used in the treatment of tens of thousands of individuals annually.
This evolution is the product of laboratory-based investigations, studies using animal models,
and especially clinical trials involving human subjects. The following brief account highlights
some of the more outstanding contributions, with particular emphasis on those made during the
earlier development of the procedure (Table 1). In this brief recounting it is possible to include only
asmall fraction of the valuable contributions, and apologies are prospectively offered to all of those
whose important work is not mentioned. For a more complete retelling of the story, with more
extensive bibliographies, the reader is referred to a number of other excellent papers (/—4).

2. EARLY STUDIES LEADING TO THE FIRST HUMAN TRIALS

While earlier references to oral or intravenous administration of bone marrow exist, the
story of hematopoietic cell transplantation really begins shortly after World War Il and the first
(and only) use of nuclear weapons. The realization that bone marrow failure was a predictable
and fatal consequence of exposure to relatively low levels of radiation spurred considerable
interest in the biology of radiation exposure. A landmark study was published in 1949 by
Jacobson et al., who showed that mice exposed to an otherwise lethal dose of radiation would
survive if their spleens were protected by lead foil (5). Lorenz et al. showed that this protective

From: Current Clinical Oncology: Allogeneic Stem Cell Transplantation
Edited by: Mary S. Laughlin and Hillard M. Lazarus © Humana Press Inc., Totowa, NJ
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4 Part I / Historical Perspective

Table 1

Milestones in the Development of Hematopoietic Cell Transplantation

1949  Spleen shielding experiment of Jacobson.

1957  First human twin transplants for leukemia.

1962 Successful allogeneic transplants in dogs.

1968  First successful allogeneic transplants in humans.

1977  Successful application of autologous marrow transplantation.
1990  Dr. Thomas awarded Nobel Prize.

effect could be transferred between animals when they demonstrated that infusion of marrow
or spleen cells from a healthy animal to an irradiated one reversed the otherwise lethal effects
of radiation (6). At the time, it was unclear whether this protective effect was due to humoral
factors produced by the nonirradiated cells or due to the cells themselves. Two experiments
proved the cellular nature of radiation protection. Main and Prehn in 1955 reported that radi-
ated mice given marrow grafts from nonsyngeneic donors not only recovered, but could no
longer reject donor skin grafts. This demonstration of active tolerance strongly implied that the
radiation protection effect was not simply the result of a humoral factor stimulating recovery
of host hematopoiesis (7). The following year, Ford et al. provided definitive evidence of the
cellular nature of radiation protection when they used cytogenetic markers to demonstrate the
donor identity of marrow in irradiated hosts post-transplant (§). Finally, in 1956, Barnes et al.
published their classic paper describing the use of supralethal radiation followed by marrow
grafting as treatment for murine leukemia (9). In these studies, they noted eradication of
leukemia in irradiated mice receiving allogeneic marrow, but not syngeneic marrow, thus
demonstrating for the first time the possibility of a graft-vs-leukemia effect.

3. INITIAL TRIALS IN HUMANS

The demonstration that systemic irradiation could eradicate a normal marrow and that
marrow function could be restored by infusion of syngeneic marrow, at least in mice, led
Thomas et al. to attempt a similar approach in humans (/0). In 1957, he reported the results of
treating two patients suffering from advanced leukemia using supralethal radiation followed
by an infusion of marrow from their identical twins (/7). Both patients engrafted promptly,
demonstrating the feasibility of the approach, but subsequently their leukemia recurred. Fur-
ther attempts at marrow transplants using donors other than identical twins were made over the
next decade. The first patient engrafted using allogeneic marrow was reported by Mathe in
1965, but the patient died of complications probably related to graft-vs-host disease (/2). In
1970, Bortin et al. published a report summarizing the results of approx 200 allogeneic trans-
plants performed during the 1950s and 1960s and concluded that none had resulted in long-
term survival (/3). The problems that limited the success of transplantation during this era were
the limited understanding of details of human histocompatibility, lack of experience with the
use of immunosuppressive drugs, and shortcomings in supportive care techniques.

4. LABORATORY STUDIES LEADING TO THE FIRST SUCCESSES IN PATIENTS

A number of critical laboratory studies were performed during the 1950s and 1960s, which
led to the first successful allogeneic transplants in humans. In the late 1950s, Dausset (/4) and
van Rood et al. (15) described a number of antigens expressed on human leukocytes (human
leukocyte antigens or HLA) that influenced the success of skin grafts and, thus, were thought
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to be generally involved in histocompatibility. The ability to select HLA-compatible siblings
as marrow donors was one of the major advances leading to the ultimate success of allogeneic
transplantation in humans. A series of experiments conducted in dogs defined many additional
principles necessary for the ultimate success of transplantation in humans. Dogs, unlike mice,
are an outbred species, and the relative importance of histocompatibility or incompatibility
turns out to reasonably parallel their importance in humans. Studies in dogs, conducted prima-
rily by Thomas and his colleagues, demonstrated the dose of radiation necessary to achieve
engraftment, the requirement for histocompatibility matching to prevent graft rejection or
lethal graft-versus-host disease, and the ability of postgrafting methotrexate to adequately
suppress acute graft-vs-host disease to allow for the majority of animals to become long-term
healthy survivors after receiving marrow grafts from histocompatible donors (16—19). The
increased understanding of human histocompatibility, coupled with advances in the tech-
niques of transplantation and improvements in supportive care, set the stage for the first
successes in human marrow transplantation.

5. INITIAL SUCCESSES IN HUMAN MARROW TRANSPLANTATION

The first therapeutically successful human marrow transplants were reported in 1968 and
1969, when three infants with severe combined immunodeficiency disease were successfully
transplanted from their HLA-matched siblings (20-22). According to recent reports, these
patients continue to survive more than three decades after transplantation. Transplantation for
severe combined immunodeficiency from HLA-identical siblings does not require a prepara-
tive regimen to prevent graft rejection or eliminate disease. The first successful transplants
requiring a preparative regimen were reported three years later, in 1972, when the Seattle group
reported success in transplanting patients for aplastic anemia from HLA-identical siblings
using a preparative regimen of high-dose cyclophosphamide and posttransplant methotrex-
ate (23). At approximately the same time, the first successful transplants for acute leukemia
were being performed. In 1975, Thomas et al. published a review article describing the state
of the art at that time, and noting that successful engraftment could be achieved in most patients
with aplastic anemia and acute leukemia and that some of these patients appeared to be surviv-
ing without evidence of their disease for at least several years posttransplant (24). Two years
later the same group published a follow-up of the first 100 patients transplanted for advanced
leukemia and provided convincing evidence that transplantation could, in fact, cure at least a
portion of such patients (25).

Over the next several years, a number of other notable hematopoietic cell transplant “firsts”
were reported. These firsts involved the use of alternate sources of stem cells, the use of
transplantation to treat additional diseases, and the use of transplantation earlier in the disease
course. Prior to 1977, there had been several attempts to use autologous marrow to support the
administration of high-dose curative therapy. While these reports suggested that autologous
transplants might lead to engraftment, lack of genetic markers or control groups prohibited
definitive conclusions, and the clinical situations studied were so advanced that no clinical
benefit was obvious (26,27). In 1977, the group at the National Institute of Health (NIH)
published a controlled trial demonstrating that previously cryopreserved autologous marrow
was capable of establishing hematopoietic function in humans (28). These same studies dem-
onstrated that the high-dose therapy made possible by transplantation could cure selected
patients of recurrent non-Hodgkin’s lymphoma (29).

The demonstration that transplantation could be effective therapy for patients with endstage
disease led a number of investigators to study the role of transplantation earlier in the disease
course. In 1979, the first reports emerged showing encouraging results in patients with acute
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myeloid leukemia transplanted in first remission (30,317) and for patients with chronic myeloid
leukemia transplanted while in chronic phase (32). Several years later, the first successful
transplants for patients with hemoglobinopathies, including B-thalassemia and sickle cell
anemia, were reported (33,34). It was also during the early 1980s that the first reports of
successful transplants using marrow from HLA-matched unrelated donors began to emerge.

6. SUBSEQUENT ADVANCES IN THE APPLICATION
OF HEMATOPOIETIC CELL TRANSPLANTATION

Since the early 1980s, there have been a large number of notable advances, a few of which
are mentioned here. These advances, and many others that are not discussed here for lack of
space, have substantially improved the outcome of hematopoietic cell transplantation and are
the subject of this textbook.

6.1. Source of Stem Cells

The use of growth-factor-mobilized hematopoietic stem cells harvested from peripheral
blood was shown to dramatically hasten engraftment and has replaced marrow as the preferred
source of stem cells for autologous, and in some cases allogeneic, engraftment(35,36). Placen-
tal cord blood has become a useful source of stem cells, especially for pediatric patients (37).
Large donor registries have been created, making matched unrelated donor transplantation
available for the majority of patients (38,39). Advances in HLA-typing technology have
allowed for continued improvements in selection of appropriate donors (40).

6.2. Preparative Regimens

Preparative regimens based on busulfan and cyclophosphamide were developed and have
become the most frequently used for treating myeloid malignancies (4/). The development of
nonablative preparative regimens provides a method for capturing a graft-vs-tumor effect
without exposing patients to the toxicities of high-dose therapy (42-44). The demonstration
that infusion of viable donor lymphocytes can result in complete disappearance of leukemia
after posttransplant recurrence, not only provides physicians with another therapeutic tool, but
has generally fueled efforts in the field of clinical tumor immunology (45).

6.3. Graft-vs-Host Disease

The combination of methotrexate plus cyclosporin was shown to provide better prophylaxis
of acute graft-vs-host disease than either agent alone and became the standard of care (46,47).
Techniques involving the removal of T-cells from the stem cell inoculum were shown to offer
an alterative method to prevent graft-vs-host disease (48,49).

6.4. Supportive Care Techniques

The use of hematopoietic growth factors was shown to accelerate hematopoietic recovery after
autologous stem cell transplantation (50). Methods to prevent cytomegalovirus (CMV) disease,
by the use of CMV seronegative blood products in CMV seronegative patients or by the use of
ganciclovir, dramatically reduced the death rate from CMV (51,52). The prophylactic use of
fluconazole likewise improved overall survival following allogeneic transplantation (53).

The advances noted above, as well as many others, have led to the widespread application
of hematopoietic cell transplantation as an effective treatment for selected patients with essen-
tially all hematologic diseases, both malignant and nonmalignant. Important experiments are
underway determining whether approaches requiring hematopoietic cell transplantation have
arole in the treatment of autoimmune disorders and nonhematopoietic malignancies.
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Fig. 1. Dr. E. Donnall Thomas, recipient of the 1990 Nobel Prize for Physiology and Medicine (along
with Dr. Joseph Murray), recognizing the field of organ transplantation.

7.A TRIBUTE TO E. DONNALL THOMAS

While many individuals, including Robert Good, George Santos, and Rainer Storb, have
made enormous contributions to the field of hematopoietic cell transplantation, the role of E.
Donnall Thomas stands out (Fig. 1). In the mid-1950s, Thomas became aware of the studies
of Leon Jacobson and others and became convinced of the clinical potential of marrow trans-
plantation. In 1955, Thomas moved to the Mary Imogene Bassett Hospital in Cooperstown,
New York, where he began working with Dr. Joe Ferrebee on marrow transplantation, both in
dogs and in humans. It was there that Thomas published the first report of successful transplan-
tation in identical twins, but became aware of failures of the procedure in the nontwin setting.
Thomas moved to the University of Washington in Seattle in 1963, and there he and his
colleagues developed techniques for histocompatibility typing in dogs and demonstrated that
by selecting matched donors and using posttransplant methotrexate, it was possible to success-
fully transplant marrow between matched litter mates in virtually every case. These experi-
ments set the stage for renewed attempts to apply transplantation to the treatment of human
disease. In the late 1960s, Thomas wrote a program project grant that was funded by the
National Cancer Institute and began to assemble a team of physicians, nurses, and support staff
that remains largely intact to this day. During the early 1970s, Thomas and his group developed
many of the clinical techniques that established hematopoietic cell transplantation as a lifesav-
ing treatment for large numbers of patients. For his pioneering work Thomas has received
almost every possible prize, including, of course, the 1990 Nobel Prize in Medicine, which
he shared with Dr. Joseph Murray. On receipt of every award, Thomas is quick to point out
the contributions of other scientists to the field of transplantation. He never fails to credit the
nursing and support staff workers who have been so much a part of this effort, and he always
acknowledges the patients and their families who have been partners in his work. While
hematopoietic cell transplantation might have developed as a therapeutic tool without Tho-
mas’ contribution, it would not have happened nearly as quickly or become as effective as it
is without his leadership.
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1. INTRODUCTION

The role of allogeneic marrow transplantation in the management of acute leukemia has
grown considerably since the initial reports many years ago describing the safe infusion of
marrow cells into humans with acute myelogenous leukemia (AML). A landmark report by
Thomas describing 100 patients with acute leukemia beyond first remission, including 54 cases
of AML treated with a total body irradiation (TBI) containing regimen and an allogeneic
transplant, showed the curative potential of the therapy (/). The use of bone marrow transplan-
tation (BMT) for AML has expanded in the past three decades and has moved from an experi-
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mental treatment used only for patients with refractory disease to a first line of treatment for
patients with AML in their first remission, depending on biological characteristics and re-
sponse to initial therapy, as described here (2-6). This chapter summarizes the data on the
results of allogeneic transplantation for AML, interpreted within the context of the evolving
understanding of the molecular biology and cytogenetics of AML, and the implications of
these disease-related factors in the treatment and long-term survival in patients with this
disease.

Historically, the classification of treatment of AML has been based completely on morpho-
logic and clinical observations; however, the identification of the molecular events involved
in the pathogenesis of human tumors has refined their classification and understanding, includ-
ing the acute leukemias (7). In AML, a large number of leukemia-specific cytogenetic abnor-
malities have been identified, and the involved genes cloned. These studies have helped
elucidate the molecular pathways that may be involved in cellular transformation, provided
methods for monitoring of patients after chemotherapy, and helped evaluate the response to
therapy correlated with various clinical and phenotypic characteristics (8). Although the leu-
kemia cells in many patients do not have detectable structural chromosome abnormalities at
diagnosis, some may show molecular changes at diagnosis, such as involvement of the MLL
gene (9). Taken together, these observations have led to the concept that AML is a heteroge-
neous disease with its variants best defined by molecular defects and cytogenetic changes,
some of which are more common in different age groups. In previous treatment trials with
standard therapy, allogeneic and autologous transplantation, patients were often treated as a
homogeneous group. As described here, recent studies have refined the way patients are
allocated to various treatments, as well as in the analysis of the data, and provide the basis for
now making a biologically and response-based treatment decision, rather than a global one, for
patients with AML.

2. CYTOGENETIC CHARACTERIZATION OF AML

Cytogenetic risk groups form the backbone of a decision tree for postremission consolida-
tion at the present time (/0-12). Other disease-related factors ,which influence the risk of
relapse after induction chemotherapy, include high leukocyte count at diagnosis or extram-
edullary disease and residual leukemia in marrow examinations 7-10 d after completion of
induction therapy. The availability of a sibling or unrelated donor also affects the risk assess-
ment for consolidation treatment. Human leukocyte antigen (HLA) typing is now part of the
National Cancer Comprehensive Network (NCCN) guideline recommendations for initial
evaluation of patients with newly diagnosed AML who do not have co-morbid medical con-
ditions, which would be a contraindication to transplantation.

Patients with acute promyelocytic leukemia (APL) enjoy an excellent disease-free survival
(DFES) (80-90%) with current conventional dose chemotherapy combined with All-
transretinoic acid (ATRA) in induction and maintenance (/3,/4). Remission status can be
monitored by following the level of the fusion protein promyelocytic leukemia/retinoic recep-
tor alpha (PML/RAR®) produced by the t(15;17) translocation using polymerase chain reac-
tion (PCR) techniques (/4). Patients who either fail to achieve molecular remission by
completion of consolidation or who show re-emergence and arising level of the fusion protein
are likely to relapse. Transplantation, using either an allogeneic donor or a molecular negative
autologous stem cell product, is reserved for patients with APL who show evidence of relapse.

Patients with good risk cytogenetics [t(8;21), inv(16), t(16;16)] may achieve long-term
remission with multiple cycles of high dose 1-B-p-arabinofuranosylcytosine (ARA-C) in 50—
60% of patients with relapse as the major cause of treatment failure (/5). Autologous transplant
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following one or more dose intensive chemotherapy consolidations have shown somewhat
better DFS of 70-85% in cooperative groups and single institution studies (/6). Although
molecular probes exist for these translocations, their use in monitoring minimal residual dis-
easeis not as clinically useful as the probes for chronic myeloid leukemia (CML) or APL(17,18).
Many patients with t(8;21) in clinical remission remain PCR positive for 10-20 yr without
relapse. Thus, the treatment approach for consolidation therapy of this subgroup of patients
would include either: (i) multiple cycles of high dose ARA-C (HDAC) with allogeneic transplant
reserved for treatment of relapse in patients having a sibling donor; (ii) one or two cycles of high
dose ARA-C (HDAC) followed by autologous peripheral blood stem cell transplantation
(PBSCT) in complete remission (CR); or (iii) multiple cycles of HDAC with autologous stem
cells collected in remission and reserved for salvage in patients without a sibling donor.

The majority of adults with de novo AML are in the intermediate risk group. Unfortunately,
the DFS for this group declines to 30-35% when HDAC alone is used for consolidation. In this
group of patients, both autologous and allogeneic (sibling) transplant in CR offer an improved
DFS of 50-60% (19-21). Factors that might influence the type of transplant are patient age,
tumor burden at diagnosis and infectious complications during induction. In younger patients
(230 yr) in whom the risk of graft-vs-host disease (GVHD) is relatively low, allogeneic trans-
plantation may be more attractive due to a low (15-20%) relapse rate. In an older patient (50—
60 yr), the higher treatment-related mortality (20—40%) and long-term morbidity associated
with allogeneic marrow transplant suggests that autologous PBSCT offers at least an equiva-
lent chance of relapse-free survival with less long-term toxicity. Recent studies using PBSCs
rather than marrow in the allogeneic setting have shown a significant decrease in the toxicity
profile of dose-intensive regimen, which may make these treatments safer in older patients but
longer follow-up is needed (22). In addition, the development of nonmyeloablative allogeneic
transplant approaches may allow for the use of allogeneic BMT in older patients with AML as
described in more detail later in this chapter.

3. PATIENTS WITH POOR RISK CYTOGENETICS

Patients with loss of chromosomes 5 or 7 or complex karyotypic abnormalities, as well as
those patients with antecedent myelodysplasia or therapy-related leukemia have a very poor
outcome when treated with conventional HDAC (10-12% 5-yr DFS). Autologous transplants
have failed to improve on these results in most series. Allogeneic transplants can cure approx
40% of patients in this group (/,23). In patients with any of these poor risk features who lack
a sibling donor, an unrelated donor search should be initiated early while the patient is still
undergoing induction.

4. MYELODYSPLASTIC SYNDROMES

The myelodysplastic syndromes (MDSs) encompass a spectrum of marrow disorders with
variable degrees of ineffective hematopoiesis and predisposition to leukemic transformation
with survival ranging from months to decades after diagnosis (24). Factors influencing the
outcome are the number of significant cytopenias, cytogenetic abnormalities, and presence of
increasing marrow blasts, which have recently been codified into a prognostic index that
reflects both the survival and leukemic transformation as described below (25). While the
majority of patients with MDS are above 60 yr of age and, therefore, above the usual age for
transplant, there are an increasing number of younger patients developing MDS as a sequelae
of chemotherapy or radiation for lymphomas, germ cell tumors, and breast cancer (26,27).
These secondary MDS patients tend to be at high risk for early transformation to AML and
often have poor risk cytogenetics.
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Decisions to utilize transplantation to replace the defective stem cells are influenced by the
patient’s age, prognostic index score, and co-morbid conditions (28). Patients with low risk
disease are usually not recommended for transplant until they progress, unless they have
treatment-related MDS. For patients with intermediate risk disease allogeneic transplant from
a sibling or volunteer unrelated donor should be considered as primary therapy for patients
under 55; such procedures successfully restore normal hematopoiesis in 40-50% of patients.
For patients with high risk disease (with 215% blasts in the marrow) or secondary AML, there
is controversy as to whether induction chemotherapy to reduce the “leukemic” burden is
beneficial. Whereas the relapse rate is less in patients who respond to induction treatment, there
are also many who fail to respond and who become too debilitated to receive a transplant. In
patients who do not have a sibling donor, induction chemotherapy may be necessary as a
temporizing measure while a donor is sought.

Asdescribed below, there is also interest in exploring nonmyeloablative transplant for older
patients with AML and for those patients with intermediate risk MDS. While the early mor-
bidity of this approach is low, much longer follow-up will be needed to learn whether the
allogeneic graft-vs-leukemia (GVL) effect can be utilized to improve the outcome for these
patients.

5. TRANSPLANT STRATEGY FOR ADULT PATIENTS WITH AML

Anthracycline containing primary induction therapy for newly diagnosed AML will lead to
CR in 65-80% of patients treated (7). The likelihood of remaining in CR is, however, highly
dependent on prognostic factors found at the time of diagnosis, including cytogenetic analysis
as well as response to treatment. Patients who require more than one cycle of chemotherapy
to achieve remission have a poor prognosis regardless of cytogenetic subgroup (29). Subsequent
treatment options for patients who successfully enter first CR (CR1) after primary induction therapy
include: (i) repeated courses of intensive consolidation chemotherapys; (ii) autologous bone marrow
transplantation; or (iii) allogeneic bone marrow transplantation.

Currently, the decision on which of the above options to choose should take into account the
predicted benefit in terms of DFS and quality of life vs risk of morbidity and mortality. An important
component of this decision depends on identification of an available matched sibling donor. In most
series, allogeneic transplantation results in a lower rate of relapse for patients undergoing BMT for
AML in first remission (2). These results, however, do not always factor in the new information on
the biology of AML and the impact of various treatment modalities on the outcome.

Compared to autologous transplantation or consolidation chemotherapy, allogeneic BMT
carries with it a higher potential for complications, with particular difficulty arising from
regimen-related toxicity, infection, and GVHD, but offers the therapeutic potential of GVL
effect (Table 1). Decision making should also take into account the knowledge that AML
treated by allogeneic transplantation at the time of relapse is less likely to induce a lasting
remission than transplantation at the time of first remission, because the disease may become
treatment-resistant, accompanied by the development of additional somatic mutations and
drugresistance. Patients who relapse and who are then treated with chemotherapy may develop
organ dysfunction, as a result of chemotherapy or treatment for fungal or bacterial infections
and become less able to withstand subsequent chemotherapy or a BMT preparative regimen.

The decision to proceed to allogeneic transplantation thus becomes less controversial as
patients move from lesser to greater risk of relapse (and risk of death from leukemia), i.e.,
beyond CR1, and toward first relapse (R1) , second complete remission (CR2), or for primary
refractory disease. Much research has, therefore, centered on the determination of which
patients are the most likely to benefit from allogeneic BMT early on in their treatment course.
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Table 1
Comparison of Allogeneic vs Autologous Stem Cell Transplant
Allogeneic Autologous
Advantages Advantages
1. No tumor contamination of graft and 1. No need to identify donor if peripheral blood and/or
no prior marrow injury from marrow uninvolved by tumor at time of collection.
chemotherapy (less risk of late MDS).
2. Graft-vs-tumor effect. 2. No immunosuppression equals less risk of infections.

3. Can be used for patients with marrow 3. No GVHD.
involvement by tumor or with bone
marrow dysfunction such as aplastic
anemia, hemoglobinopathies, or prior
pelvic radiation.
4. Dose-intensive therapy can be used for older patients
(usually up to age 70).
5. Low early treatment related mortality (2-5%).

Disadvantages Disadvantages

1. Dose-intensive regimen limited by 1. Not feasible if PBSC/marrow involved.
toxicity (usually to patients <55).

2. Time to identify donor if no sibling 2. Possible marrow injury leading to late MDS (either
donor available and/or limited from prior chemotherapy or transplant regimen).
availability of donor for some
ethnic groups.

3. Higher early treatment-related 3. No graft-vs-tumor effect.
mortality from GVHD and infectious
complications (20-40% depending
on age and donor source).

4. Not all patients can be mobilized to give adequate cell
doses for reconstitution

6. WHEN TO BEGIN CONSIDERATION FOR BMT

Because AML carries with it a high risk of relapse after achievement of remission, patients
under the age of 60 who have no obvious contraindications for allogeneic blood or BMT
(ALLOBMT) should be evaluated regarding the number, health, and availability of siblings
or other close relatives who are potential candidates for bone marrow donation. HLA typing
can be performed at any time, but should be performed early so that all treatment options can
be defined, particularly if the patient does not achieve a remission. This applies particularly
to patients with poor risk cytogenetics or other poor prognostic features who are at very high
risk for early relapse. This approach provides for minimal delay for transplantation in the
possible event of primary refractory disease, early disease relapse after primary therapy, or
persistent cytogenetic abnormalities in the marrow after CR is attained. In addition, there is
currently no evidence that consolidation therapy used before proceeding to allogeneic trans-
plant has any benefit in reducing relapse after allogeneic transplant (30). Thus, for patients
in a first morphologic and cytogenetic remission who are candidates for allogeneic BMT,
consolidation therapy is not necessary and may lead to complications that either delay or
increase the risk of transplantation.
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Fig. 1. Actuarial relapse rate for patients undergoing allogeneic transplantation for AML in first remis-
sion with a regimen of fractionated TBI and VP-16. Based on pretransplant cytogenetics, those patients
with poor risk cytogenetics showed a higher rate of relapse compared to those with more favorable
cytogenetic findings.

7. OUTCOME AFTER BMT FOR AML

Studies demonstrate a 5-yr DFS of 46—-62% for patients treated with allogeneic BMT in CR1
(31-35). In a representative study from City of Hope National Medical Center and Stanford
University, 61 consecutive patients with AML in CR1 under age 50 with a histocompatible
sibling donor received, an allogeneic BMT, after conditioning with fractionated TBI (1,320
¢QGy) and high-dose etoposide (60 mg/kg) (36). The patients with AML demonstrated a 3-yr
DFS of 61% with a relapse rate of 12%. By stepwise Cox regression analysis, significant
prognostic variables for patients with AML were the presence of acute GVHD, increasing age
and the cytogenetic risk category of the AML at the time of diagnosis (36,37). Relapse was 0%
in patients with good risk cytogenetics and approached 40% in those patients with poor risk
cytogenetics (37) (Fig. 1). Complications related to GVHD and relapse of leukemia were the
major causes of death. Additional studies from multiple institutions support a DFS ranging
from 46 to 62% after 5 yr of observation (38-43).

In order to reduce the limitations of GVHD on survival, Papadopoulos and colleagues at
Memorial Sloan-Kettering Cancer Center studied the use of T-cell-depleted allografts in 31
patients with AML in CR1 or CR2. Patients treated in CR1, attained a DFS of 77% at 56 mo,
while those treated in CR2 had a DFS of 50% at 48 mo. All patients were treated with a
conditioning regimen of TBI, thiotepa, and cytoxan. Probability of relapse in patients treated
in CR1 was 3.2%. Nonleukemic mortality in this group was 19.4%. There were no cases of
grade II-1V acute GVHD (44).
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8. EFFECT OF CONDITIONING REGIMEN ON SURVIVAL OR RELAPSE RATE

Several studies have been published comparing outcome after different conditioning regi-
mens. Although the use of higher doses of TBI results in a lower rate of relapse, patients
suffered a higher incidence of GVHD and transplant-related mortality (45). Other studies have
found no significant differences between conditioning regimens using cyclophosphamide
(CY)/single-dose TBI vs CY/fractionated-dose TBI (FTBI), chemotherapy (CT)/TBI vs
melphalan/TBI (28). There are conflicting data as to whether busulfan (BU)/CY results in a
higher relapse rate than CY/TBI, but recent data suggest that optimal use of BU (intravenous
or targeted therapy) may have an impact on both toxicity and relapse (46). Recent studies
utilizing radioimmunotherapy designed to target hematopoietic tissue have shown promising
results with a low relapse rate and no increase in transplant-related toxicity (47). Presently,
there are no data to determine whether one regimen is more or less effective for each of the
cytogenetic subtypes of AML.

9. ALLOGENEIC BMT FOR AML IN FIRST RELAPSE OR CR2

For patients in relapse after failure of standard therapy for AML, allogeneic transplantation
offers the only chance for cure for those patients who have a sibling donor. For those patients
who are able to achieve a second remission, particularly after a long first remission and a lack
of asibling donor, an autologous transplantis a potentially curative therapy (48,49). Acommon
dilemma is the question of whether to proceed directly to allogeneic transplantation at the time
of relapse (if a suitable donor has been identified) or whether to proceed to reinduction che-
motherapy first, in an attempt to reach a second CR (required for autologous BMT). Although
no randomized data are available, one study demonstrates statistically nonsignificant survival
rate differences of 29% in patients transplanted in untreated first relapse vs 22% in second
remission and in 10% with refractory relapse (2,50,51). Another study retrospectively evalu-
ated outcomes in patients transplanted at various stages of disease. DFS was significantly
better in patients transplanted in first remission, but no statistical difference was found between
the various groups transplanted beyond first CR. Thus, the decision concerning reinduction is
often based on the age, condition, duration of first remission, and cytogenetic category of the
patient with relapsed AML (2).

10. RECOMMENDATIONS FOR ALLOGENEIC BMT FOR AML

Information on cytogenetics at the time of diagnosis is vital to identify patients who might
have a good prognosis after standard chemotherapy, as opposed to those who should have
allogeneic transplant during first complete remission. Those who should be considered for
standard consolidation therapy or autologous transplantation include those with t(8;21) or
inv(16), in the absence of any other poor prognostic indicators for these subtypes. Other
patients should be strongly considered for allogeneic BMT during first CR.

For those patients with poor prognosis and who lack a matched family donor, alternative
donors (matched unrelated donors, cord blood transplants) should be pursued (52,53).

Figure 2 shows an approach to the timing and use of BMT based on prognostic features
found at diagnosis and response to treatment (2).

11. ALLOGENEIC TRANSPLANTATION AND MDS

Because MDS is not curable with conventional treatment, feasibility studies of allogeneic
transplantation began in the 1980s. Reports from several groups showed that the disease could
be cured by allogeneic BMT (54,55).
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Fig. 2. Proposed algorithm for treatment of adults diagnosed with AML based primarily on cytogenetic
analysis of the patients’ leukemia at the time of diagnosis. CR, complete remission; PR, partial remis-
sion; IF, induction failure; ALLOBMT, allogeneic bone marrow transplantation; AUTOBMT, autolo-
gous bone marrow transplantation; MUD, matched unrelated donor.

A large retrospective survey of the European Group for Blood and Marrow Transplantation
(EBMT) Leukaemia Working Party describes 78 patients with myelodysplasia (MDS) or
secondary acute myelogenous leukemia (SAML) that received an allogeneic BMT (56). The
status of underlying disease at the time of transplantation was prognostic for the 2-yr DFS.
Thirty-four patients received intensive chemotherapy prior to the conditioning for BMT. The
2-yr DFS was 60% for the 16 patients transplanted in CR. The results were significantly less
favorable for those with more advanced disease who only partially responded prior to intensive
chemotherapy (2-yr DFS: 18%), while none of those who either relapsed or were resistant to
chemotherapy became long-term survivors after BMT. Forty-four patients had not received
any prior intensive chemotherapy. The DFS at 2 yr after BMT was 58 + 19% when a patient
was transplanted for refractory anemia with ringed sideroblasts (RARS), 74 &+ 14% for refrac-
tory anemia with excess blasts (RAEB), 50+ 16% for RAEB in transformation (RAEB-T), and
18 £ 11% for secondary AML. Allogeneic BMT can, therefore, be considered as a potential
curative treatment for patients with MDS.

12. FACTORS INFLUENCING OUTCOME

Initial studies involving allogeneic transplant for MDS focused mainly on the feasibility of
the procedure, but lacked the statistical power to evaluate the effect of factors such as timing
of transplantation, cytogenetics, or disease status on outcome. Addressing the question of
which pretransplant factors are most predictive of favorable posttransplant outcome, the
Chronic Leukemia Working Party of the EBMT retrospectively analyzed 131 patients who
underwent BMT for MDS from HLA-identical siblings (57). No patient received prior remis-
sion induction chemotherapy. The 5-yr DFS and overall survival (OS) for the entire group of
patients was 34 and 41%, respectively. DFS and OS were dependent on pretransplant bone
marrow blast counts. Patients with RA/RARS, RAEB, RAEB-T, and sAML had a 5-yr DFS
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of 52, 34, 19, and 26%, respectively, while the 5-yr OS for the respective patient groups was
57, 42, 24, and 28%, respectively. In a multivariate analysis, younger age, shorter disease
duration, and absence of excess of blasts were associated with improved outcome.

13. IPSS SCORE AND RESULTS OF BMT FOR MDS

Several classification systems have been used for evaluating prognosis in patients with
MDS, including the French—American—British (FAB) system. The International MDS Risk
Analysis Workshop performed a global analysis on clinical data from seven large previously
reported risk-based studies that had generated prognostic systems. The International Prognos-
tic Scoring System (IPSS) was developed by evaluating critical prognostic variables and, in
particular, by using a more refined bone marrow cytogenetic classification. A multivariate
analysis combined these cytogenetic subgroups with percentage of bone marrow blasts and
number of cytopenias to generate a prognostic model. Weighting these variables by their
statistical power separated patients into four distinctive subgroups of risk. Patients receive a
separate score based on percentage of marrow blasts, karyotype, and information on cytopenias.
These scores are then combined into a total score which is then used to predict progression to
AML, as well as for median survival (58).

Appelbaum et al., analyzed data for all MDS patients transplanted in Seattle from 1981 to
1996, using multivariate analysis to determine factors predictive for nonrelapse mortality,
relapse, and DFS. A total of 251 MDS patients were transplanted (59). The IPSS score corre-
lated significantly with relapse and DFS. The 5-yr DFS was 60, 36, and 28% for low- and
intermediate-1 risk, intermediate-2 risk, and high-risk patients, respectively, leading to the
conclusion that patients with intermediate- 1, intermediate-2, or high-risk MDS are most likely
to benefit from early transplantation.

14. EVIDENCE FOR GVL EFFECT

It has been recognized for some that the therapeutic benefit and potential cure achieved by
allogeneic transplant is contributed by the dose-intensive regimen of either high-dose chemo-
therapy or high-dose chemotherapy and radiation combined with a graft-vs-tumor effect (60).
Over time, the potency of the graft-vs-tumor effect has been further understood and represents
a significant immune-mediated effect to prevent relapse after the high dose chemotherapy and
allogeneic stem cell transplant. Data that support the presence of GVL effect after allogeneic
transplant include:

Reduced risk of relapse in patients with acute and chronic GVHD.

Detection of minimal residual disease early after transplantation, which clears over time.
Increased risk of relapse after syngeneic transplant.

Increased risk of relapse after T-cell-depleted transplants.

Induction of remission by donor lymphocyte infusions in patients relapsing after BMT.

M.

Among hematologic malignancies, there are major differences in their susceptibility to the
graft-vs-tumor effect, with CML being the most potent target; however, for patients with AML
undergoing allogeneic transplantation, compared to syngeneic transplant, the relapse rate is
lower following allogeneic transplant, suggesting that the allogeneic effect on AML is contrib-
uting to the long-term benefit (6/). This observation provides the basis for the exploration of
nonmyeloablative transplants in patients with AML, particularly those older persons with
AML in whom the disease is more common, but in whom allogeneic transplantation has not
been commonly utilized.
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15. NONMYELOABLATIVE ALLOGENEIC BMT (MINI-BMT)

The high-dose chemotherapy and radiation typically used in the conditioning regimens for
BMT produces considerable morbidity and mortality and limits the use of this modality to
those patients who are young and have medical conditions that would preclude its use. With
regard to AML, although allogeneic transplantation has been an effective therapy in younger
patients, it has not been utilized in older patients where the disease is not only more common,
but the biology of the disease is different. Older patients with AML often have worse cytoge-
netics and phenotypes, such as expression of multidrug resistance that correlate with a decreased
response to therapy and poor OS and DFS (62). Given the role of the GVL effectin curing some
hematologic malignancies, an alternative strategy has evolved to utilize low dose non-
myeloablative conditioning regimens designed to provide sufficient immune suppression to
achieve engraftment of an allogeneic blood cell or marrow graft, thus facilitating the develop-
ment of a graft-vs-malignancy effect. The generation of a GVL effect requires engraftment and
ultimate in vivo expansion of donor immunocompetent cells that can recognize allogeneic
target antigens including both the normal and abnormal marrow of the recipient. The overall
goal of this approach is to facilitate less intensive conditioning regimen treatment that would
be associated with decreased regimen-related toxicity and to allow a graft-vs-tumor effect (63).
This approach has been utilized by a number of investigators with varying regimens from a
pure nonmyeloablative regimen utilizing TBI and fludarabine followed by posttransplant
mycophenolate mofetil (MMF) and cyclosporin, to more intensive ones utilizing busulfan,
fludarabine, and antithymocyte globulin with encouraging results (64). A study from a consor-
tium of centers exploring a purely nonmyeloablative regimen has shown that the overall
mortality in a group of patients whose median age was 60 at d 100 was 10%, half of which is
contributed by disease progression (65). Thus, this approach is being explored for patients with
AML, particularly those who are older and have poor risk features, such as high white count,
more than two cycles of therapy to go into remission, multidrug resistance (MDR) phenotype,
or poor risk cytogenetics.

16. APPROACH TO THE PATIENT WITH PRIMARY REFRACTORY AML

The survival of patients with AML who do not achieve a remission with primary therapy is
very poor and, in general, is independent of all other cellular characteristics. The lack of
achievement of remission is the clearest demonstration of the resistance of the disease to
chemotherapy. Some studies have been performed which indicate that the use of allogeneic
transplantation in patients who have not achieved a remission may result in long-term DFS in
approx 15-30% of patients (66—68). In a recent analysis of 71 patients with primary refractory
AML who underwent an allogeneic BMT, an analysis was performed to determine whether
there are pretransplant features of this unique patient population that predict treatment outcome
(69). Although relapse and regimen-related toxicity was high in this high-risk patient popula-
tion, the probability of DFS and relapse at 3 yr was 29 and 54%, respectively. Remarkably,
unfavorable cytogenetics before stem cell transplantation was significantly associated with
decreased DFS and a TBI-based regimen appeared to convey a better outcome. The actuarial
probability of DFS and relapse at 3 yr was 44 and 38% for patients with intermediate cytoge-
netics and 18 and 68% for those patients with unfavorable cytogenetics. Figure 3 shows the
DEFS for a group of patients who failed to achieve a remission and were then treated with an
allogeneic BMT.

The data suggest that allogeneic transplantation can cure some patients with primary refrac-
tory AML and that cytogenetic analysis before stem cell transplantation correlates with trans-
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Fig. 3. DFS for a group of patients with AML undergoing allogeneic transplantation after having failed
to achieve a remission with either conventional dose of ARA-C or high-dose ARA-C and an
anthracycline. Patients with intermediate cytogenetics had a better DFS than those with unfavorable
cytogenetics. Overall, the actual probability of DFS at 3 yr was 44% for patients with intermediate
cytogenetics and 18% for those with unfavorable cytogenetics.

plant outcome as well as relapse. Thus, for patients who do not achieve remission with either
one or two cycles of induction therapy, particularly with a high-dose ARA-C-based regimen,
proceeding to allogeneic transplantation when a sibling donor is identified appears to be the
optimal strategy rather than utilizing repeated courses of chemotherapy, which are unlikely to
result in remission. Patients who require more than one cycle of chemotherapy to achieve a
remission should also be considered at high risk for relapse and should be considered for early
BMT (8).

17. INNOVATIONS IN ALLOGENEIC TRANSPLANTATION FOR AML

Although the most common regimens, namely, FTBI and CY, BU and CY, and FTBI and
etoposie (VP-16) have a long and stable track record, studies are being conducted to improve
both the toxicity profile and efficacy of the regimens utilized in the treatment of AML. In
general, TBI-based regimens have been more effective than non-TBI regimens, but have more
toxicity to gastrointestinal (GI) mucosa and may be more associated with increased risk of
second malignancies over time. Studies are being performed with the use of radio-
immunoconjugates utilizing anti-CD45 or anti-CD33 antibodies conjugated to a variety of
radioisotopes including iodine and yttrium. Early studies suggest the addition of radio-
immunoconjugates to a regimen of BU and CY is an effective approach without, as yet,
increasing toxicity (70). Phase Il studies are ongoing in AML with this approach, but the early
data would suggest that incorporation of the radioimmunoconjugate into the preparative regi-
men is tolerable and will require further studies to determine the impact on preventing relapse
in the various subgroups of AML.

In addition, the optimal use of chemotherapy as part of the preparative regimen is receiving
increasing attention based on observations concerning the different pharmacokinetic and
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pharmacogenetic disposition of these agents in individual patients undergoing transplantation.
Mostrecently, studies utilizing the intravenous form of BU have shown a better toxicity profile
and less individual variation in the area under the plasma concentration vs time curve (AUC)
achieved by the drugs (71). Studies performed in CML and myelodysplasia suggest that tar-
geting the dose of BU, either orally or intravenous, not only improves the toxicity profile and
facilitates the use of these regimens in patients with myelodysplasia who are older, but has an
impact on the risk of relapse (72).

Nonmyeloablative transplantation, as noted above, which utilizes the immunotherapeutic
effect of allogeneic T-cells, is being explored in older patients with AML and, depending upon
the results, could be applied in younger patients with AML, particularly those for whom
retaining fertility is an important consideration. In addition, the use of a nonmyeloablative
approach may be utilized as immunotherapy following an autologous transplant for AML to
help combine the benefits of the high-dose regimen utilized with autologous transplantation
with the immunotherapeutic contribution of the allograft.

The stem cell source also may contribute to the overall benefit of allogeneic transplantation.
Studies have been performed, comparing peripheral blood to marrow, that demonstrate the
improved hematopoietic recovery and decreased toxicity without an obvious increase in
acute or chronic graft-vs-host reaction (22). Further studies are being performed to deter-
mine the incidence and extent of chronic GVHD in patients receiving PBSCT and the use of
this cellular product is now being explored in patients with AML undergoing transplant in first
remission.
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1. INTRODUCTION

Current treatment strategies for adult acute lymphoblastic leukemia (ALL) have resulted in
the achievement of complete remission (CR) rates of 70-95%. Approximately 25-50% of
these patients may enjoy long-term disease-free survival (DFS), and current research efforts
are focused on innovative postremission strategies with the goal of improving the overall
survival for adults with ALL. The identification of different prognostic groups based on the
biology of the malignant clone and clinical patterns of disease presentation has begun to alter
our therapeutic approach to this biologically heterogeneous disease. Treatment strategies tai-
lored to specific prognostic groups have already resulted in dramatic improvements in the
outcome for children with ALL (7), and similar risk-adapted strategies based on the biologic
heterogeneity of the disease are now being applied to adults with ALL to improve survival.
Allogeneic stem cell transplantation (SCT) is one strategy that has been demonstrated to
improve the outcome of high-risk adults with ALL. In this chapter, we will define this high-
risk group, discuss indications for transplantation based on biologic risk group, and review
current strategies and clinical outcome for allogeneic SCT in adults with ALL.

2. PROGNOSTIC FACTORS IN ADULT ALL
Several biologic features and specific clinical characteristics have been consistently noted

to influence the outcome of adult ALL and impact on risk stratification (Fig. 1). Age greater
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Age >60 yr

¢ WBC count >30,000/uL

o Cytogenetics: 1(9;22)(q34;q11), trisomy 8, 1(4;11)(g21;923), monosomy 7,
hypodiploid karyotype, (1;19)(q23;p13)

Delayed time to CR, >4 wk

Fig. 1. Adverse prognostic features in adult ALL.

than 60 yr, a high white blood cell count (WBC) at presentation, and failure to achieve a clinical
remission within the first 4 wk of treatment are all considered adverse clinical features. The
detection of specific recurring cytogenetic abnormalities has emerged as the most important
prognostic factor for risk stratification of adults with ALL. Clonal chromosomal aberrations
can be detected in cells from 62 to 85% of adult ALL patients, and several studies have shown
their significance as predictors of outcome (2,3). In a multivariate analysis of risk factors in
adult ALL, karyotype was identified as the most important factor for DFS (4). In general,
patients with a normal karyotype have improved survival compared with those harboring a
cytogenetic abnormality. In a recent review of this literature, six abnormalities were noted to
result in unfavorable outcome, defined as having a 0.25 or less probability of continuous CR
at 5 yr. These include in decreasing frequency, patients with t(9;22) (q34;q11), trisomy 8,
t(4;11) (q21;923), monosomy 7, a hypodiploid karyotype, and t(1;19) (5,6).

The most common and clinically relevant cytogenetic abnormalities in adults with ALL
include the t(9;22) (q34;q11) resulting in the BCR/ABL fusion gene that is present in as many
as 30% of adult ALL patients, the t(4;11) (q21;q23) involving the MLL gene on chromosome
11923 that results in the MLL/AF4 fusion gene, and the t(8;14) (q24;q32) chromosomal trans-
location seen in mature B lineage ALL (Burkitt’s type) that results in overexpression of the c-
MYC proto-oncogene. With each of these abnormalities, patients have improved outcome if
they are treated with an approach other than standard induction, consolidation, and mainte-
nance regimens. For example, treatment insights from the pediatric groups have resulted in the
successful implementation of fractionated high doses of alkylating agents in combination with
high dose methotrexate and intensive central nervous system prophylaxis to improve signifi-
cantly the outcome for adults with mature B-CR to use B-cell ALL (7-10). Using this intensive
but short-duration chemotherapeutic approach, these high-risk patients now achieve CR in 70—
80% of cases and have DFS approaching 50%. As described above, and discussed in detail
below, ALL patients with a t(9;22) (q34;q11) have fared very poorly with standard ALL
chemotherapy, but can achieve prolonged DFS when allogeneic SCT approaches are used.

A number of investigators have combined these prognostic factors to predict the efficacy of
the planned chemotherapy and to assess the potential use of allogeneic transplantation for
patients with ALL. Hoelzer et al. initially proposed a risk classification of adult ALL focusing
on age, WBC count, immunophenotype, and time to achievement of CR (4). This classification
scheme identified patients who had either good long-term DFS or poor outcome with a high
risk of relapse. Similarly, Table 1 shows the impact of four adverse features and the outcome
of treatment of ALL in two studies of intensive combination chemotherapy from the Cancer
and Leukemia Group B (CALGB studies 8811 and 9111) (10,11). This analysis demonstrates
that a large number of adults with ALL have disease features at diagnosis that put them into
a high-risk group with a DFS of less than 30%. These types of analyses, combined with
advances in cytogenetic and molecular monitoring techniques to detect minimal residual dis-
ease (MRD) (discussed below), are useful for the identification of patients who might benefit
from early hematopoietic SCT while in first remission.
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Table 1
Impact of Adverse Features on the Outcome of Treatment

No. of adverse  No. of Age WBC No medstinal  Laboratory Estimated
features patients <60 yr  <30,000/\L mass features” survival at 3 yr
0 22 0 0 0 0 91% (66-98%)
1 83 1 16 63 3 64% (51-75%)
2 146 12 25 145 110 49% (36-61%)
3 89 25 68 89 85 21% (12-35%)
4 13 13 13 13 13 0

?Adverse laboratory features include the presence of the Ph or BCR/ABL+ PCR analysis, L3 morphology, or
precursor B lineage disease.

2.1. Prognostic Role of MRD Monitoring

In addition to the adverse prognostic factors listed in Table 1, the detection of MRD using
qualitative or semiquantitative polymerase chain reaction (PCR) or flow cytometric tech-
niques is also beginning to provide important prognostic information. A number of large
prospective studies in pediatric ALL have demonstrated the independent prognostic signifi-
cance of MRD detection. Using semiquantitative PCR for the detection of the leukemia “clone-
specific” immunoglobulin heavy chain or T cell receptor gene rearrangement, these studies
have shown that persistent MRD detection at various time points following achievement of
morphologic and cytogenetic remission is a highly significant and independent prognosticator
ofrelapse (12,13). Lessis known about the significance of MRD detection in adult ALL. Brisco
etal. studied 27 adults with B lineage ALL for MRD in CR1. Eight of nine patients with higher
levels of disease (levels >107%) detected using semiquantitative PCR relapsed, compared to 6
of 13 patients with lower MRD levels (levels <1073) (14). Larger, prospective studies are
currently underway using more precise quantitative PCR (real time PCR) to determine the
significance of MRD detection in predicting relapse in adult ALL (/5). These data may provide
critical new prognostic information about “low risk” patients in CR1 who are actually at high
risk for relapse and identify a new group of patients who might benefit from allogeneic SCT
while still in first remission.

3. ALLOGENEIC TRANSPLANTATION FOR HIGH RISK ALL
DURING FIRST CR

Several studies have investigated allogeneic SCT approaches in high-risk ALL patients
following achievement of first CR (Table 2). These studies are difficult to compare directly
with results of trials utilizing postremission chemotherapy, since the transplant series are
usually small phase II studies that tend to include only healthy, younger patients who are
already in remission. Nevertheless, a number of these trials provide some interesting insights
into the potential efficacy of allogeneic SCT in CR1. To better clarify the relative roles of
chemotherapy and SCT in adults with high-risk ALL, Horowitz et al. analyzed International
Bone Marrow Transplant Registry IBMTR) data for 484 patients who had received intensive
postremission chemotherapy, and 251 recipients of HLA-identical allogeneic SCT for ALL in
CRI1. Patients ranged from 15 to 45 yr of age and were treated between 1980 and 1987. Similar
prognostic factors, including non-T lineage phenotype, high leukocyte count at presentation,
and greater than 8 wk to achieve CR, predicted treatment failure in both treatment groups. After
statistical adjustments were made for differences in disease characteristics, 5-yr leukemia-free
survival (LFS) was similar in the chemotherapy (38%) and allogeneic SCT (44%) cohorts;
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Table 1
Comparative Trials of Transplantation vs Chemotherapy for ALL in CR1
No. of Median GVHD S5-yr

Study patients age (yr) Prep. regimen proph. 1I-1V GVHD  DFS(%)
Horowitz, 1991 (16)

ASCT 234 15-45 CY/TBI MR NR 44

Chemotherapy 484 15-45 MR 38
Rowe, 1999 (17)

ASCT 173 14-60 VP-16/TBI NR NR 58 (3 yr)

Chemotherapy/ 426 14-60 39 3 yr)
aSCT

Sebban, 1994 (LALA 87) (17)

ASCT 116 26 CY/TBI CSA/MTX NR 45

Chemotherapy/ 141 24 CY/TBI for SCT 31
aSCT L10 regimen

Thiebaut, 2000 (LALA 87 f/u) (18)

ASCT 116 15-40 CY/TBI CSA/MTX NR 46
High risk 41 44
Standard risk 75 49

Chemotherapy 141 <50 L10 regimen 31
High risk 55 11
Standard risk 86 43

Oh, 1998 (19)

ASCT 87 >30 CY + Ara-C/TBI CSA/MTX NR 30

Chemotherapy 38 >30 MR 26

ASCT 127 <30 CY = Ara-C/TBI  CSA/MTX NR 53

Chemotherapy 38 <30 MR 30

ASCT, allogeneic SCT; aSCT, autologous SCT; CY, cytoxan; TBI, total body irradiation; MR, multiple
regimens; NR, not reported; VP-16, etoposide; CSA, cyclosporine; MTX, methotrexate.

however, causes of treatment failure differed between the two groups. In the chemotherapy
group, 96% of failures were due to relapse and 4% were treatment-related, while in the SCT
group, 32% were due to relapse and 68% were treatment-related (/6). Thus, while there was
no difference in overall survival, this retrospective analysis suggests a decreased risk of relapse
for high-risk patients treated with allogeneic SCT in CRI1.

The MRC UKALL XII/ECOG E2993 is an international effort to prospectively define the
role of allogeneic SCT, autologous SCT, and chemotherapy in adult patients with ALL in CR1.
Initiated in 1993, over 1100 patients have been enrolled to date (HM Lazarus, personal com-
munication, May 2001). All patients received two phases of induction therapy, and continued
to allogeneic SCT if they achieved CR and had a histocompatible donor. The remaining
patients were randomized to standard consolidation/maintenance therapy for 2.5 yr vs a single
autologous SCT. The conditioning regimen for both allogeneic and autologous transplants was
fractionated TBI (1320 cGy) and VP-16 (60 mg/kg). Available date on the first 800 patients
revealed a CR rate of 91% for Philadelphia (Ph) patients and 83% for Ph+ patients; these results
are corroborated by earlier, smaller trials. Details regarding the reponse of Ph+ patients to
standard therapy vs allogeneic SCT will be discussed in the section on Ph+ patients. Based on
the data presented in an abstract published in 1999 (17), 173 patients received an allogeneic
SCT and 426 patients received chemotherapy or autologous SCT. The overall event free
survival (EFS) for the allogeneic SCT group was 58 vs 39% for the chemotherapy or autolo-
gous BMT group. When patients (excluding Ph+ patients) were stratified into high or standard
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risk, the difference in EFS becomes more dramatic in the high risk subset (allogeneic BMT
57% vs chemotherapy/autologous BMT 32%), illustrating the advantage of allogeneic BMT
in high risk patients. Standard risk was defined as Ph—, age <35, time to CR <4 wk, and WBC
count <30,000/uL for B lineage and <50,000/uL for T lineage leukemia.

The French (Leucemie Aigue Lymphoblastique de I’ Adulte [LALA]) group is another
cooperative study which defined the role of chemotherapy and SCT for adult ALL patients.
This was a prospective randomized study, initiated in November 1986 and completed in
July 1991, which enrolled 634 patients in the LALA 87 protocol to assess the role of
allogeneic SCT and autologous SCT in adult ALL. After exclusions, 572 patients were
analyzed, and 10-yr follow-up results have recently been published. The median age of
patients entered onto this trial was 33 yr. Patients received induction chemotherapy with
cyclophosphamide, vincristine, prednisone, and one of two anthracyclines. Central ner-
vous system (CNS) prophylaxis was administered. Four hundred and thirty-six patients
(76%) achieved CR. After CR was achieved, patients older than 50 yr received
postremission chemotherapy. Patients between 15 and 40 yr of age were assigned to the
allogeneic SCT trial if they had an HLA-matched sibling donor. Patients between ages 40
and 50, and those under the age of 40 without a matched sibling donor, were further
randomized to consolidation chemotherapy or autologous SCT using bone marrow purged
with antibodies or mafosfamide. Consolidation chemotherapy consisted of three monthly
courses of daunorubicin or zorubicin, Ara-C, and asparaginase followed by long-term
maintenance therapy. The transplant preparative regimen consisted of total body irradia-
tion (TBI) and cyclophosphamide. The 10-yr overall survival rate of patients greater than
50 yr treated with chemotherapy only was 27%. There was no statistically significant
difference in outcome between patients who received autologous SCT vs consolidation
chemotherapy (34% SCT, 29% chemotherapy, p = 0.6). After stratification into high and
standard risk, there was still no statistical difference between these two groups. High risk
was defined as having one or more of the following factors: presence of the Ph chromo-
some, null ALL, age > 35 yr, WBC count > 30 X 10%/L, time to CR >4 wk. Importantly,
this study showed that survival at 10 yr was significantly greater for the allogeneic SCT
group compared to consolidation chemotherapy (46% SCT, 31% chemotherapy, p =0.04).
Furthermore, when these groups were stratified into high and standard risk, there was a
highly significant benefit for allogeneic SCT in the high-risk subset, but no statistically
significant benefit seen for the standard-risk subset (high risk: 44% SCT, 11% chemo-
therapy, p = 0.009; standard risk: 49% SCT, 43% chemotherapy, p = 0.6) (18,19). Thus,
both the large IBMTR retrospective review and the LALA study suggest a clear role for
allogeneic SCT over consolidation chemotherapy in younger adults with high-risk fea-
tures in CR1. Another study by Oh et al. reinforces the observation that a significant
survival advantage is gained in high-risk younger patients undergoing allogeneic SCT
(20). Presumably, the lower mortality and morbidity sustained by younger patients under-
going SCT highlights the advantage of this method over chemotherapy.

In addition, review of a number of smaller phase II trials in high-risk adult ALL who have
undergone ASCT in CR1 suggest a higher DFS when compared with conventional chemo-
therapy (2/-27). High risk in these studies was defined as patients having at least one or more
of the following: age greater than 30 yr, WBC greater than 30 x 10%L at presentation,
extramedullary disease, unfavorable cytogenetic abnormalities, and requiring more than 4 wk
to achieve a CR. As shown in Table 3, these phase II trials demonstrate a DFS ranging broadly
from 21-71% during a 3- to 8-yr follow-up. The DFS for patients treated with conventional
chemotherapy ranges from 30 to 40%. The large difference in outcome of patients entered onto
these small phase II studies is influenced by multiple variables, including differences in patient
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Table 3
Allogeneic Transplantation for ALL in CR1
No. of Median GVHD 3-yr
Study patients age (yr) Prep. regimen proph. 1I-1V GVHD  DFS(%)
Wingard, 1990 (20) 18 24 (5-36) CY/TBI CSA + MP 8 42
Blaise, 1990 (21) 25 22 (4-36) CY/fTBI, ML/ATBI MR 7 71
CY/MLATBI
Chao, 1991 (22) 53 28 (1-45) Ara-C/CY/TBI = CSA +*MP 6 61
CY/TBI MTX + MP

Doney, 1991 (23) 41 22 (18-50) Cy/fTBlor MR 7 21 (5 yr)

single dose
Sutton, 1993 (24) 184 25 (15-44) CY/TBI MR 15 deaths 49.5 (6 yr)
(retrospective review) (majority)
Vey, 1994 (25) 29 24 (16-41) CY/TBI CSA/MTX 7 62 (8 yr)
DeWitte, 1994 (26) 22 15-51 CY/TBI CSA NR 58

CY, cytoxan; fTBI, fractionated total body irradiation; MR, multiple regimens; NR, not reported; CSA,
cyclosporine; MTX, methotrexate; MP, methylprednisolone.

selection, choice of preparative regimen, type of graft-vs-host disease (GVHD) prophylaxis,
and different supportive care regimens.

4. ALLOGENEIC TRANSPLANTATION BEYOND CR1 USING HLA-IDENTICAL
SIBLING DONORS

There are no data suggesting that durable remissions can be achieved with standard chemo-
therapy for adults with ALL in/or beyond CR2. Similar to the transplant literature in pediatric
ALL beyond first remission, it appears that allogeneic SCT for adults in/beyond CR2 is supe-
rior to chemotherapy in achieving LFS. Adult ALL patients who undergo an allogeneic SCT
in CR2 achieve long-term LFS rates of 14-43%, as illustrated in Table 4. The primary cause
of failure is relapse (>50%).

5. PRIMARY REFRACTORY ALL

With current induction regimens, only 5-10% of adults with newly diagnosed ALL fail to
achieve remission with initial induction chemotherapy. These patients often have one or more
poor prognostic factors at presentation, and additional attempts at induction chemotherapy
may be unsuccessful. Several studies suggest that patients with an HLA-identical sibling can
benefit if they proceed directly to allogeneic transplantation without undergoing a second
attempt at induction therapy (32-34). In the largest of these studies, 38 patients with ALL,
failing to achieve remission, received HLA-identical sibling transplants. Approximately 35%
of these patients with refractory disease had long-term DFS. A second study with 22 patients
(five patients with ALL) with refractory disease had a similar survival of 38% following HLA-
matched sibling transplants. Other studies suggest lower survival rates of 20% or less for these
refractory patients (32,34); nevertheless, allogeneic transplant should be considered for these
patients with an otherwise dismal chance of long-term survival.

6. PHILADELPHIA CHROMOSOME-POSITIVE ALL

The presence of the Philadelphia chromosome (Ph) represents an independent adverse risk
factor, and carries an exceptionally poor prognosis. Although many patients can achieve a CR,
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Table 4
Allogeneic Transplantation for ALL in CR2

Study No. of patients LFS (%) Risk of relapse (%)
IBMTR, 1989 (28)

High risk 208 22 (4 yr) 56

Standard risk 97 36 (4 yr) 49
Barrett et al., 1989 (29) 391 26 (5 yr) 52
Wingard et al., 1990 (21) 36 43 (5 yr) 26
Doney et al., 1991 (24) 48 15 (5 yr) 64
Greinex et al., 1998 (30) 27 14 (3 yr) 78
Michallet et al., 2000 (31) 47 30+ 8 (5yr) 44+ 12

the median duration of remission is less than 1 yr with chemotherapy. Using intensive conven-
tional chemotherapy, the CALGB observed similar CR rates between Ph+ and Ph- ALL patients
(76% Ph+, 86% Ph-); however, only 17% of the Ph+ patients were reported to be in CR at 3 yr
vs 48% of the Ph- patients (5). Data from the MRC UKALL XII/ECOG E2993 study described
earlier reveals similar poor results for Ph+ patients treated with chemotherapy only. In this on-
going, prospective, randomized study, 43 Ph+ patients were treated with chemotherapy only.
They had a 3 yr overall survival (OS) of 19%, which was significantly worse than the Ph—
group (47%, p = 0.002). The EFS at 3 yr was 0% for the Ph+ group vs. 38% for the Ph— (p =
<0.001) (35). Therefore, studies have been conducted to test the efficacy of allogeneic SCT as
a consolidative treatment after achievement of first remission in these patients.

In the MRC UKALL XII/ECOG E2993 study, 35 patients have undergone a matched,
related allogeneic SCT and had a 38% EFS at 3 yr compared to an EFS of only 5% for those
PH+ patients who received chemotherapy or autologous SCT. In another study, 23 patients
with Ph+ ALL in CR1 underwent allogeneic SCT from a matched sibling between 1984 and
1997 at the City of Hope National Medical Center and Stanford University. The median age
of the patients transplanted was 30 yr. The preparative regimen involved fractionated TBI and
etoposide (VP-16). At 3 yr, the probability of DFS was reported at 65%. For patients trans-
planted after 1992, the probability of DFS increased to 81%, presumably due to improvements
in GVHD prophylaxis and supportive care (36). Of note, the DFS rate reported in this study
is much higher than others reported for Ph+ patients undergoing allogeneic SCT. In aretrospec-
tive review of 67 Ph+ patients reported to the IBMTR between 1978 and 1990, with a median
age of 28 yr, the 2-yr DFS rate was 31%, and was similar for patients in CR1, in CR2, or in
relapse (28). In a small study by Dunlop et al. (37), 11 patients underwent an allogeneic
transplant between 1986 and 1995. The estimated 3-yr probability of DFS was 21.8%. Of note,
this small study included patients in CR1, in CR2, or in relapse. In another small study of 14
Ph+ patients undergoing transplantation (4 autologous SCT in CR1 or CR2 and 10 allogeneic
SCT in CR1, CR2, or relapse), the overall DFS was 46% for all patients; however, of those
patients who received an allogeneic SCT, 60% (6 of 10 patients) of patients undergoing
allogeneic SCT were in remission during a median follow-up of 503 d (38).

Itis difficult to draw conclusions from these small series that vary considerably with respect
to type of patient (CR1 or beyond), type of preparative regimen, GVHD prophylaxis, and
supportive care; however, some general observations can be made. Taken together, the DFS
rate for Ph+ adult patients in CR1 undergoing allogeneic transplant appears to be somewhere
between 30 and 60%. Although the retrospective IBMTR review indicated that patients in
CR1, CR2, or relapse have similar outcomes following allogeneic transplant, data from most
of these series suggest that Ph+ patients fare best when transplanted in first remission. It is
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difficultto determine if a particular preparative regimen contributes to better outcome. Of note,
fractionated TBI and VP-16 was used exclusively in the City of Hope trial. However, very
similar regimens were used in some of the other series reported above.

In summary, survival for Ph+ patients following an allogeneic SCT is superior to what is
achieved with standard chemotherapy. Although in most transplant series, Ph+ patients still
have a more adverse outcome than other ALL subsets. Thus, much work remains to develop
more effective treatment for these extremely high-risk patients. Novel transplant preparative
regimens are currently being examined. Deane et al. (39) used fludarabine, cytarabine,
idarubicin, and granulocyte colony stimulating factor (G-CSF) (FLAG-idarubicin) followed
by allogeneic transplant in 8 Ph+ patients with advanced stage disease. The median age was
25 yr; 7 of 8 patients had other cytogenetic abnormalities in addition to the t(9;22) (q34:;q11).
One patient underwent a sibling bone marrow transplantation (BMT), 3 underwent matched
unrelated donor (MUD) BMTs, and 4 underwent sibling peripheral blood SCT (PBSCT). All
six patients with bone marrow involvement had a response following a single course of FLAG-
idarubucin (5 CR, 1 partial remission [PR]). The DFS beyond 2 yr was 47.6%. This is com-
parable to other studies, but is intriguing because this study included patients with very
advanced/refractory Ph+ disease.

The efficacy of HLA-MUD transplants for Ph+ ALL has also been investigated in a limited
fashion to allow more Ph+ patients to undergo transplantation. At the Fred Hutchinson Cancer
Research Center, MUD transplantation was investigated in 18 patients with Ph+ ALL between
1988 and 1995. The study included children and adults, with the median age being only 25 yr.
Of 18 patients who underwent transplant, 6 who were transplanted in CR1, 1 in CR2, and 2 in
first relapse remained leukemia free. The preparative regimen involved TBI and cyclophos-
phamide. Of 6 who were transplanted in CR1, 1 patient was in CR1, and 2 patients, while in
second remission, remained leukemia-free at a median follow-up of 17 mo. The probability of
LFS at 2 yr was 49%, which is similar to rates reported for matched-sibling SCT (39). These
data appear very promising; however, it must be emphasized that this was a highly selected
population of extremely young Ph+ patients.

The role of donor lymphocyte infusion (DLI) has also been investigated in these patients.
Interestingly, one theory for DLI’s tremendous efficacy in chronic myelogenous leukemia
(CML) postallotransplant is based on the inherent immunogenicity of the BCR/ABL protein.
Yet, DLI has had very limited efficacy in Ph+ ALL (41,42). It is not known whether the
differences in DLI efficacy in Ph+ ALL compared to CML results from differences in
immunogenicicty of the p190 BCR/ABL (most Ph+ ALL) vs the p210 BCR/ABL (most CML),
differences in growth kinetics of Ph+ ALL relapse (high tumor burden) vs those in CML (lower
tumor burden), or other disease specific factors. Interestingly, in a study of 11 patients, includ-
ing one with Ph+ ALL, allogeneic PBSC from the original donor were administered following
transplant relapse. All patients achieved CR, although responses were not durable. This suggests
that cells, in addition to lymphocytes present in the PBSC, may have an important “anti-leuke-
mia” role. Experiences using PBSC infusions, rather than DLI, are described in greater detail in
a later section. The patient with Ph+ ALL achieved a complete clinical and molecular response,
but died at 12 wk due to CNS relapse. This was the only site of disease at time of death (43).

The most exciting recent development in the treatment of Ph+ ALL has been the intriguing
early results observed with STI-571, amolecule specifically targeted to the BCR/ABL tyrosine
kinase that is overexpressed as a result of the t(9;22) in CML and Ph+ ALL. STI-571 is a
specific inhibitor of the abl protein tyrosine kinase that has demonstrated remarkable targeted
therapeutic efficacy in patients with CML and ALL with increased bcr/abl activity. In a phase
I pilot study of 58 patients treated with STI-571, including 38 patients with myeloid blast crisis
and 20 patients with Ph+ ALL or lymphoid blast crisis, 55% of patients with myeloid blast
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crisis and 70% of patients with ALL achieved aresponse. A reduction of peripheral blasts was
observed within 1 wk of treatment initiation. Four patients (20%) with ALL had a complete
response, but 12 of 14 patients relapsed a median of 58 d after initiation of treatment (range 42—
123 d); 1 patient underwent SCT and 1 patient was not evaluable due to short length of follow-
up (44). The mechanism(s) of resistance is currently under study; however, the rapid initial
response to therapy and minimal side effects make STI-571 an ideal candidate for clinical trials
to test efficacy in the treatment of newly diagnosed Ph+ ALL. CALGB, in combination with
the Southwest Oncology Group (SWOG), are initiating a phase II trial of sequential chemo-
therapy, STI-571, and allogeneic or auto-SCT for adults with newly diagnosed Ph+ ALL. The
primary objectives of this study will be to determine the ability of STI-571 to produce a
complete molecular response (achieve BCR/ABL status by reverse transcription PCR [RT-
PCRY]) following sequential chemotherapy, STI-571, and transplantation, and to determine the
ability of STI-571 to prolong DFS and overall survival in this high-risk group of patients.

6.1. Predicting Outcome: Role of Monitoring MRD in Ph+ ALL Following
Transplantation

Several studies of MRD status following allogeneic transplantation provide intriguing
information about the risk of relapse in Ph+ ALL and may help to identify patients who are
likely to relapse (45—49). All of these studies found that patients who are consistently BCR/
ABL~ following transplantation are unlikely to relapse and may become long-term survivors.
Conversely, patients who are BCR/ABL+ following transplantation seem to be at high risk for
subsequent relapse. In the largest published series (28 patients), Radich and coworkers found
that the relative risk (RR) for relapse was significantly higher for patients with a detectable
BCR/ABL transcript following transplantation than for those without detectable BCR/ABL (RR
=5.7;p=0.025) (48). The prognostic significance of the PCR assay remained after controlling
for other variables that could influence relapse risk. The risk of relapse was greater for patients
with a p190 fusion transcript than for those with p210 BCR/ABL. The median time from
detection of a positive PCR result to relapse was 94 d. Additional insights into the kinetics of
disappearance of BCR/ABL will be obtained from current studies using real-time PCR tech-
niques to quantify transcript number reproducibly (49,50). Using rigorous monitoring tech-
niques, it may be possible to introduce DLI prior to overt clinical relapse, when it may be more
effective (48), or other novel therapies (e.g., STI 571) that could eliminate subclinical disease
and avoid the dire consequences of a clinical relapse in these patients.

7. FACTORS INFLUENCING TRANSPLANT OUTCOME

7.1. Preparative Regimens

Several different preparative regimens for allogeneic SCT have been described in attempts
to decrease transplanted-related mortality (TRM) and improve DFS. The most widely used
regimen is the combination of TBI and cyclophosphamide developed by Thomas and col-
leagues in the 1970s (51 ). The TBI can be administered as single dose or fractionated over 3-5 d.
A comparative analysis of fractionated-dose vs single-dose TBI in adult ALL patients showed
a significantly higher TRM in the single dose group (p = 0.017), but an increase in the relapse
rate of the fractionated-dose group; consequently, there were no differences in the overall LFS
between the two groups (25). The Minnesota Group compared TBI/cyclophosphamide with
TBI/cytarabine (Ara-C) in a study including both adults and children and found no difference
in regards to toxicity or outcome (5/). The City of Hope group studied fractionated TBI with
etoposide followed by SCT in patients with advanced leukemia. A phase I/l trial indicated that
etoposide at 60 mg/kg is the maximum tolerated dose when compared with TBI. In that study,
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36 ALL patients were treated; 20 patients had relapsed disease. The DFS was 57%, with a32%
relapse rate suggesting that the regimen has significant activity in advanced ALL (52). The
fractionated TBI/etoposide regimen has also demonstrated activity in patients with high-risk
Ph+ ALL, as discussed in more detail below.

Novel methods to allow selective delivery of radiation to sites of leukemia without increas-
ing systemic toxicity are currently under investigation. A phase I transplant trial using 3'I-
labeled anti-CD45 antibody combined with cyclophosphamide at 120 mg/kg and 12-gy TBI
was recently published (53). All patients had advanced hematologic malignancies. The dose
limiting toxicity was grade III/IV mucositis. Nine patients with ALL (5 patients with relapsed/
refractory ALL; 4 patients in CR2 or CR3) received allogeneic (6 patients) or autologous (t3
patients) transplants using this preparative regimen; 3 patients were disease-free 19, 54, and
66 mo posttransplant. The ultimate benefits of this approach, with respect to safety and
improvements in survival, will be defined by phase II studies for patients with ALL.

Nonradiation-containing regimens, most commonly busulfan and cyclophosphamide, have
been investigated in hopes of decreasing radiation-related complications. Fractionated TBI
(FTBI)/etoposide was tested against busulfan/cyclophosphamide in a prospective randomized
study conducted by SWOG (8612). One hundred twenty-two patients with leukemia beyond
CRI received either FTBI/etoposide or busulfan/cyclophosphamide in preparation for SCT.
One hundred fourteen patients (93%) proceeded to SCT. All patients received cyclosporine
and prednisone for posttransplant immunosuppression. There was no significant difference
with respect to toxicity, incidence of acute GVHD, overall survival, or DFS between the two
groups. The leading cause for treatment failure was leukemic relapse (39%) (54). Furthermore,
retrospective analysis of registry data from the IBMTR shows similar rates for LFS and relapse
when busulfan/cyclophosphamide is compared to TBI/cyclophosphamide (55). Careful com-
parisons of the incidence of second malignancies with each of these regimens have not been
made but may have importance. Thus, a variety of preparative regimens can be used, but
leukemic relapse remains the most significant factor affecting DFS.

7.2. Source of Stem Cells

Bensinger et al. (56) recently published a prospective, randomized trial comparing bone
marrow to peripheral blood as the source of stem cells. Between March 1996 and July 1999,
172 patients, including 22 with ALL with a median age of 42 yr, were randomly assigned to
receive bone marrow or filgrastim-mobilized PBSC from HLLA-identical relatives for hemato-
poietic rescue after dose-intensive chemotherapy. After randomization, patients were strati-
fied according to age (<30 or >30 yr), and stage of cancer (for ALL, CR1 was defined as less
advanced; for all others, it was defined as advanced), with roughly equal numbers in the two
groups. [t was concluded from this study that allogeneic peripheral blood cells used for hemato-
poietic rescue restore blood counts faster than bone marrow without increasing the risk of
GVHD. It was also observed that patients who received peripheral blood cells had a lower
incidence of relapse at 2 yr, and a higher overall survival and DFS (56). The authors did not
analyze individual hematologic malignancies due to the small numbers; however, based on the
faster count recovery and the overall lower relapse rate, it appears that the use of mobilized
PBSC rather than the bone marrow may be advantageous for all patients with acute leukemias.
Little data currently exist on the outcome of patients receiving umbilical cord stem cell trans-
plants for adults with ALL.

7.3. Source of Donor Cells: Partially Matched Related or MUD

The majority of studies indicate that the best chance for cure for refractory or high-risk ALL
is allogeneic SCT with matched related donor. Unfortunately, <30% of these patients have a
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matched sibling donor. Thus, much work continues to be done in making partially matched
related donor (haplotype transplants) and MUD transplantation safe and more feasible as
curative therapy. Typically, these transplants are associated with a higher risk of graft rejec-
tion, GVHD, and infection. The experience with these transplants for adults with ALL is still
small. A recent study from the IBMTR compared MUD and haplo-identical transplantation
with HLA-identical sibling transplants (57). TRM was higher (>50%) and LFS was lower for
patients receiving MUD transplants. Among the challenges to improving outcomes of patients
receiving MUD transplants include more effective HLA matching of donor and recipient.
Currentinnovations in molecular typing of HLA loci using high resolution allele-based typing
for class I and II HLA molecules appears to decrease the incidence of severe GVHD and
improves survival of patients undergoing MUD transplantation (58).

Godder et al. evaluated the efficacy of partially matched allo-SCT in 43 pediatric ALL
patients. Grafts were partially T cell depleted, and patients received posttransplant immuno-
suppression with cyclosporine, corticosteroids, and antithymocyte globulin (ATG). The study
illustrated that the rate of engraftment and DFS was comparable to HLA identical grafts. Of
note, the blast count at the start of transplantation and the donor’s age were the two most
influential variables. Improved rates of DFS and decreased risk of relapse were seen with
younger donors. In addition, the estimated probability of grade II-IV acute GVHD was 0.24
and was not affected by recipient antigen mismatch (59). Given the current data from series that
include many young patients and patients with advanced leukemia beyond CR1, it is not yet
clear whether SCT should be recommended over chemotherapy for the high-risk adult ALL
patient in CR1 who does not have a matched sibling.

7.4. Partially Matched Related/MUD vs Autologous SCT

The theoretical advantage of MUD over autologous SCT in high-risk patients is a decreased
risk of relapse, presumably due to the graft-vs-leukemia (GVL) effect. Weisdorf et al. (60)
reported the results of 337 ALL patients (121 adults; 216 children) who received MUD-SCT
and compared them to 214 patients (54 adults; 160 children) who underwent autologous SCT
during 1987 to 1993. For those transplanted in CR1, autologous SCT yielded a significantly
higher DFS (42% autologous SCT vs 32% MUD, p = 0.03). In contrast, for those transplanted
in CR2, MUD-SCT yielded a better DFS (20% autologous SCT vs 42% MUD, p =0.02). The
worse outcome with autologous SCT in CR2 likely reflects the increased relapse hazard in the
advanced leukemia group. When the data were analyzed separately for children and adults in
CR2, MUD-SCT still yielded a higher DFS when compared to autologous SCT (adults, MUD
42% + 22% vs autologous SCT 0%, p = 0.006) (60). The Acute Leukemia Working Party of
the European Cooperative Group for Blood and Marrow Transplantation (EBMT) analyzed
data from ALL patients undergoing SCT between January 1987 and December 1994 (617). One
hundred eighteen patients with a median age of 14 yr received MUD-SCT; 236 patients with
amedian age of 16 yrreceived autologous SCT. Disease status ranged from CR1 to CR3. There
were no significant differences in the 2-yr LFS for MUD-SCT vs autologous SCT (39% MUD-
SCT, 32% autologous SCT) in this retrospective analysis of ALL patients matched for diag-
nosis, age, stage of disease, and year of transplantation. However, relapse was significantly
lower in the MUD-SCT group (MUD-SCT 32% vs autologous SCT 61%, p =<0.0001), while
TRM was significantly higher in this group (MUD 42% vs auto 17%, p = <0.0001). As
expected, GVHD and graft failure were major sources of TRM in the MUD-SCT group.
Interpretation of the results of retrospective analyses is always difficult. Nevertheless, both of
these studies suggest an advantage for MUD-SCT with respect to decreased rates of relapse.
Owing to the significant morbidity involved with this procedure and the low overall survival,
the decision to proceed with MUD or autologous transplantation or to proceed with other
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“phase I’ approaches for these high-risk patients currently remains very complex and is based
on the specific situation of each individual patient.

7.5. The Role of T Cell Depletion

The role of T cell-depleted SCT remains controversial. T cell-depleted SCT have been
shown to be better tolerated with less TRM, due to the lower incidence of GVHD, and present
an appealing option for both older patients with a matched sibling and HLA-mismatched
transplants. As described previously, T cell-purged SCT have higher relapse rates. Recently,
several groups have reported a decreased risk of relapse with T cell-depleted SCT by manipu-
lating the preparative regimen to compensate for potential lack of a GVL effect. Aversa et al.
evaluated 54 consecutive acute leukemia patients with a median age 30 yr (30 acute myelog-
enous leukemia [AML], 24 ALL) undergoing ex vivo, T cell-depleted BMT using bone mar-
row from HLA identical or D-DR-mismatched (two patients) sibling donors (62). ATG and
thiotepa were added to standard TBI/cyclophosphamide conditioning. The risk of relapse was
12% for AML patients and 28% for ALL patients. At median follow-up of 6.9 yr, the event-
free survival (EFS) for AML was 74%, and 59% for ALL. Schattenberg et al. compared the
outcome of HLA identical, T cell-depleted BMT in patients less than 50-yr-old vs those greater
than 50-yr-old (63). The standard conditioning regimen of TBI/cyclophosphamide was inten-
sified with the addition of idarubicin at 42 mg/m?. The study evaluated 131 patients, which
included 32 patients with ALL less than 50-yr-old, and two patients greater than 50-yr-old.
Outcome did not differ significantly between the two age groups. The 2-yr LFS for the ALL
patients in this small study was 64%, which compares very favorably with HLA identical
transplants that are not T cell-depleted.

7.6. Immunomodulation: GVHD and GVL Effect

The presence of a GVL effect is based on observations of higher relapse rates following
autologous or syngeneic SCT vs allogeneic SCT, lower relapse rates in patients who develop
GVHD, and higher relapse rates in patients receiving T cell-depleted SCT. Table 5 summarizes
results obtained from both single institution and registry data and demonstrates a consistent
decrease in relapse rates for patients who develop GVHD vs those who do not. A GVL effect
that is associated with the presence of GVHD has been described in ALL, AML, and CML;
interestingly, this effect appears most potentin ALL and is reflected by the datain Table 5 (66).
In distinct contrast to these consistent observations of the benefit of GVHD in reducing relapse
rate following ALL allogeneic SCT is the marked absence of a significant GVL effectin ALL
following DLI. In contrast to CML and AML, where DLI often results in complete remissions
in patients with relapsed disease following allogeneic transplant, DLI does not appear to be
effective for ALL relapses in this setting. The European Group for Blood and Marrow Trans-
plantation Working Party for Acute and Chronic Leukemia studied the effect of DLI on acute
and chronic leukemia in relapse after SCT. One hundred thirty-five patients were treated,
including 22 patients with ALL (nine patients in CR1, five patients in CR2, and eight patients
beyond CR2). The median age of the ALL patients was 21.5 yr. In contrast to 73% of CML
patients achieving CR with DLI, no patients with ALL responded (67). Collins et al. reviewed
data on 140 patients receiving DLI at a number of transplant centers. Fifteen patients with ALL
were included; three patients in CR and 12 patients with progressive disease. There was an 18%
response rate to DLI seen in the ALL group in contrast to 60% seen in the CML group (68).

Direct and indirect evidence suggests that donor T cells and natural killer (NK) cells are
primary mediators of GVL after DLI, but the target antigens on the tumor cells are currently
poorly defined. The disease specificity exhibited by DLI suggests that the target antigens of
GVL may be tumor-specific. There may be differences in the ability of ALL cells to present
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Table 5
Risk of Relapse Following Non-T Cell-Depleted Allogeneic Transplantation in Adult ALL
Study No. of patients Risk of relapse (%)
Doney et al. (24) 192, Seattle
Transplanted in CR2 No GVHD 80
Grade II-1IV GVHD 40
Sullivan et al. (64) 200, Seattle
Transplanted in remission No GVHD 56
Acute GVHD 27
Acute and chronic GVHD 22
Transplanted in relapse No GVHD 81
Acute GVHD 39

Acute and chronic GVHD 43
Horowitz et al. (65) 349, Intl Bone Marrow Transplant Registry

Transplanted in CR1 No GVHD 44
Acute GVHD 17
Chronic GVHD 20

Acute and chronic GVHD 15

as antigen targets, differences in the frequency of T cell precursors that are reactive with minor
antigens presented by ALL cells, or differences in the susceptibility of ALL targets to lysis. In
addition to donor leukocyte preparations, G-CSF-mobilized PBSCs have also been investi-
gated as an infusion source. The numbers of T cells and NK cells found in PBSC are compa-
rable to those present in a DLI. Eleven patients (4 with CML, 5 with AML, 1 with ALL)
received PBSC postrelapse; all patients with acute leukemia received cytoreductive therapy
prior to PBSC. All 6 patients with acute leukemia achieved a CR, with the median remission
duration of 24 wk. In contrast to the prolonged cytopenias observed post-DLI, patients did not
sustain prolonged cytopenias, and some were treated successfully with repeat PBSC infusion.
There are currently too few studies using this modality to draw any conclusions, but PBSC
appears to be effective in inducing DLI, even in ALL patients. Perhaps the success noted in this
study resulted, in part, from the cytoreduction prior to DLI, which may play an important role
in determination of DLI efficacy for the acute leukemias. The combination of DLI and
interleukin (IL)-2 appears to be another way of improving the efficacy of DLIin ALL patients.
Slavin et al. demonstrated that patients with relapsed leukemia after allogeneic SCT had a
response with DLI combined with IL-2 administration (69). None of the 4 patients with ALL
responded to DLI; whereas, all 4 responded to DLI with IL-2. Obviously, no conclusions can
be drawn from a series of 4 patients, which included infants and adults. However, the additive
or modulating effect of IL-2 with DLI on the GVL effect is intriguing. In conclusion, more
clinical data are required to determine the best setting for administration of DLI (e.g., following
cytoreduction, with other immunomodulators) and whether this modality will be a viable
salvage option for ALL relapses following allogeneic transplants.

8. LONG-TERM COMPLICATIONS OF ALLOGENEIC SCT

Socie et al. (70) analyzed the characteristics of 6691 patients listed in the IBMTR who
underwent allogeneic SCT for AML, ALL, CML, or aplastic anemia between January 1980
and December 1993. The median duration of follow-up was 80 months. Mortality rates in this
cohort were compared with those of an age-, sex-, and nationality-matched general population.
All patients were free of disease 2 yr posttransplant, with 89% survival at 5 yr. Mortality rates
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remained significantly higher than the general population throughout the study among patients
who underwent transplantation for ALL or CML, and through the ninth year for patients who
had AML. Specifically, for patients with ALL, the relative mortality rate was 20.1 2 yr after
transplantation, 25.9 5 yr after transplantation, and 15.4 10 yr after transplantation. Not sur-
prisingly, recurrent leukemia was the chief cause of death for patients who underwent SCT for
leukemia, and GVHD the chief cause of death for patients who underwent SCT for aplastic
anemia. Older age was associated with an increased risk of relapse in the ALL group, with 48%
relapse observed in ALL compared with 11% relapses in the overall group. Chronic GVHD
was the second leading cause of death overall, with 23% observed in the ALL cohort. A low
incidence of secondary cancer was reported overall (6%), with a slightly higher rate observed
inthe ALL group (10%). Increased rates of secondary cancer may be noted with longer follow-
up (70).

Withimprovements in DFS following allogeneic SCT, psychosocial functioning after trans-
plant becomes a more prominent issue. Broers et al. evaluated the psychological functioning
and quality of life in a prospective study of 125 consecutive patients who underwent BMT at
the Leiden University Medical Center in the Netherlands between 1987 and 1992 (71). Patients
were evaluated with questionnaires measuring quality of life, functional limitations, psycho-
logical distress, anxiety, depression, and self-esteem. Questionnaires were answered prior to
the BMT, 1 mo after BMT following discharge, at 6 mo, 1 yr, and 3 yr after BMT. Nearly 90%
of patients reported a good to excellent quality of life at 3 yr. Changes in quality of life and
psychological distress could be explained entirely by changes in functional limitations
and somatic symptoms. The minority of patients who reported a worse quality of life
reported experiencing continued serious functional limitations. Thus, emphasis should be
placed on interventions that help patients cope with their physical limitations.

9. NOVEL TRANSPLANT APPROACHES
9.1. CAMPATH-1H: Novel Method of T Cell Depletion

Studies have shown consistently that a major therapeutic effect of SCT is derived from the
GVL effect. The difficulty lies in separating GVHD from the GVL effect. This objective is
the basis of much laboratory and clinical work. One approach, to capitalize on this effect
while sparing initial complications of acute GVHD, is to perform T cell depletion of donor stem
cells and to follow up, at later time points, with infusions of donor lymphocytes to achieve an
anti-leukemic effect. Recent studies are evaluating CAMPATH-1H, which is an antibody to
CD52, as a novel method of T cell depletion. In ALL, Campath-1H treatment may have the
added benefit of anti-leukemia activity since malignant lymphoblasts express CD52 (72).
Novitzky et al. evaluated 13 patients with ALL (8 patients in CR1) and 37 patients with AML
(33 patients in CR1), who had undergone HL A-identical sibling transplants. The conditioning
regimen consisted of TBI/cyclophosphamide. Bone marrow or PBSC were exposed to
CAMPATH-1H ex vivo. Patients received no posttransplant immunosuppression. All but one
patient engrafted, and only 22% of all patients developed grade I or Il GVHD; there was no
severe GVHD. Unfortunately, 54% (7 of 13) of the ALL patients relapsed (73). Of note, these
data are not significantly worse than many non-T cell-depleted allogeneic SCT series.
Naparstek et al. (74) analyzed the factors associated with engraftment in 216 recipients of T
cell-depleted allogeneic SCT using CAMPATH-1H. The patient population consisted of 168
patients with hematologic malignancies, 26 patients with aplastic anemia and 22 patients with
hemoglobinopathies. Overall, 24 patients, including 17 with leukemia, had graft failure. Vari-
ables favorably associated with engraftment were older age and colony-forming unit granulo-
cyte macrophage (CFU-GM) number. A higher concentration of CAMPATH-1H antibody in
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vitro and in vivo adversely affected engraftment (74). Both of these studies indicate that satis-
factory engraftment can be achieved in patients transplanted with CAMPATH-1H-treated
allografts; however, relapse still poses a significant problem, and more selective T cell depletion
may be necessary. Larger, randomized studies will be required to determine whether CAMPATH-
1H represents a therapeutic advance for patients undergoing transplantation for ALL.

9.2. Nonmyeloablative SCT

Recent studies have demonstrated successful donor stem cell engraftment without the use
of amyeloablative preparative regimen for patients undergoing SCT for hematologic and solid
organ malignancies. These regimens use a combination of moderate doses of chemotherapy
with immune suppression to facilitate donor engraftment and establish a donor derived anti-
host tumor effect. Consistent chimerism should theoretically lead to durable long-term remis-
sion. Since there appears to be a GVL effect in ALL, non-myeloablative SCT may have arole
in this disease. In addition, the relative decrease in upfront morbidity, secondary to decreased
organ toxicity and a lower rate of neutropenic infection, makes it a theoretically attractive
option in this disease where the median age is greater than 50 yr. This option would be
particularly attractive for patients with Ph+ ALL, where the majority of these poor prognosis
patients are older than 50 yr. Slavin et al. (75) investigated the feasibility of non-myeloablative
SCT in combination with DLI in 26 patients with standard indications for allogeneic SCT,
including two patients with ALL (1 patientin CR1 and 1 patientin CR2). The nonmyeloablative
conditioning regiment consisted of fludarabine, ATG, and BU at 8§ mg/kg. Cyclosporine A was
used for GVHD prophylaxis; DLI was used for relapse. The preparative regimen was well
tolerated, with neutrophil recovery on d 15 (median), and platelet recovery on d 12. Severe
GVHD was the major toxicity and the cause of four deaths. DLI reversed relapse in 2 of 3 of
cases. Eighty-five percent of patients are alive, with 81% disease free, during a very short
follow-up observation period, with a median of 8 mo follow-up. Interestingly, the ALL patient
in CR2 relapsed 4 mo after SCT and was treated successfully with DLI. The ALL patient in
CRI1 did not relapse after SCT (75). This is a small, but encouraging, study demonstrating the
feasibility of this approach. Unfortunately, complications of GVHD remain a significant prob-
lem with nonmyeloablative transplantation. A number of larger phase II studies are ongoing
that are designed to demonstrate efficacy of this approach to transplantation and may provide
more data about specific efficacy in patients with ALL.

In conclusion, allogeneic SCT has been demonstrated to have tremendous therapeutic ben-
efit for selected patients with high-risk ALL. Since ALL is a relatively rare disease in adults,
it will be very important to perform large prospective studies through cooperative groups or
other large consortium to answer many of the outstanding questions regarding the promise of
allogeneic transplantation as a therapeutic modality that will lead to improvements in survival
for patients with this challenging disease.
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1. INTRODUCTION

Chronic myelogenous leukemia (CML) is a malignant hematopoietic stem cell disorder
characterized by the Philadelphia chromosome (Ph1), abalanced translocation of the long arms
of chromosomes 9 and 22 (/,2). This translocation results in the juxtaposition of the Ber and
Abl sequences and the creation of a Ber-Abl fusion protein, a constitutively active cytoplasmic
tyrosine kinase. The Bcer-Abl protein phosphorylates several substrates, which activate mul-
tiple signal transduction cascades, thus altering cell growth, differentiation, and apoptosis.
These activities result in independence from normal growth constraints (3,4).

The median age at presentation with CML is approx 53 (4,5). Patients commonly present
with fatigue, anorexia, and weight loss. Many patients are diagnosed solely on the basis of
abnormal blood counts. Splenomegaly is usually found on physical examination. Leukocyto-
sis, thrombocytosis, and anemia are typical. Most patients progress over a period of 2—6 yr,
from chronic phase, often through an accelerated phase, into a rapidly fatal blastic phase.

2. NONTRANSPLANT TREATMENT
2.1. Standard Treatment

Control of blood counts can be achieved in nearly all patients with presently available
agents, including hydroxyurea and interferon o.. A small minority will achieve cytogenetic and
even molecular remission using interferon (6-9); less than 10% will remain in cytogenetic
remission for a prolonged period. The addition of cytarabine to interferon results in higher rates
of complete hematologic and cytogenetic remission and improved survival (10,11).
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2.2. Investigational Treatment

The introduction of STI 571, a novel tyrosine kinase inhibitor, which “selectively” inacti-
vates Ber-Abl, has generated justified enthusiasm among physicians and patients. The drug’s
oral route of administration, minimal early toxicity, and dramatic and rapid responses in some
patients with advanced disease have led to large numbers of patients seeking treatment with
this agent (/2—14). A recently published Phase 1 dose-escalating trial of STI 571, in patients
with chronic phase disease who had failed treatment with interferon o revealed that 29 of 54
patients (54%) treated with at least 300 mg daily had cytogenetic responses, including 7 with
complete cytogenetic remission (/5). Cytogenetic responses occurred rapidly compared to
those occurring with interferon o treatment. It appears that STI 571 will shortly be recognized
as the best agent for treatment of CML. At present, there is no evidence that STI 571 alone is
curative or will result in improved long-term survival. Itis critical that appropriate studies with
extended follow-up be performed and analyzed. Attempts to define its ultimate role must await
the results of these studies.

3. HEMATOPOIETIC STEM CELL TRANSPLANTATION IN CML

3.1. Syngeneic Bone Marrow Transplantation

Between 1976 and 1981 the Seattle group performed 14 bone marrow transplantations
(BMTs) in patients with CML using identical twin donors following a preparative regimen of
dimethylbusulfan, cyclophosphamide (Cy), and total body irradiation (TBI). Eight remained
in complete remission a median of approx 17 yr after transplantation (/6). A subsequent study
by the International Bone Marrow Transplantation Registry revealed that while only 1 of 34
identical twins undergoing syngeneic transplantation for CML died from treatment-related
causes, 17 of 34 relapsed (/7). These patients did not receive dimethylbusulfan in addition to
Cy/TBI, as had the patients transplanted in Seattle.

3.2. Allogeneic BMT in Patients with Advanced Disease

These data using identical twin donors led to investigation of allogeneic transplantation
using marrow from human leukocyte antigen (HLA)-identical sibling donors. In an initial
study in blastic phase patients, 8 of 10 died due to transplant-related complications within 3 mo.
There were no long-term survivors (/8). McGlave and colleagues reported some success in
accelerated phase patients (/9), but significant incidences of transplant-related mortality and
early relapses were reported by others (/8-21).

3.3. Allogeneic Transplantation from Sibling Donors
in Patients with CML in Chronic Phase

The early results in patients with advanced disease compared unfavorably with results in
chronic phase using syngeneic donors and in first remission acute myelogenous leukemia (AML)
with HLA-identical sibling donors. These comparisons led to trials of BMT in chronic phase
patients using HLA-identical sibling donors (22—-24). These studies demonstrated the profound
influence of disease stage on outcome. Sustained disease-free survival was achieved in over 50%
of chronic phase patients, butin only about 10% of blastic phase patients (25). Transplant-related
mortality rates however exceeded 30% in large groups of patients undergoing allogeneic trans-
plantation for CML in all disease stages, which tempered the enthusiasm for this therapy.

3.3.1.INTERVAL FROM DIAGNOSIS TO TRANSPLANT

Based on the median survival of newly diagnosed patients (more than 3 yr) and the risk of
early mortality with transplantation, many physicians chose not to recommend this procedure
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or recommended it only after a delay (usually approx 2 yr) following diagnosis. Subsequent
data from multiple sources, however, demonstrate inferior outcome in patients who undergo
transplantation after delay (26—30). Prior treatment with busulfan (BU) (26,27), and in some
settings with interferon (31,32), appear to particularly compromise results. It has been reported
that if interferon is stopped at least 90 d before transplantation, it does not adversely influence
outcome (33). However, regardless of specific therapy, delay compromises outcome.

The inferior outcome in patients transplanted at longer intervals from diagnosis results
predominantly from a higher incidence of transplant-related mortality (26—30). In patients
prepared for transplantation with BU, a significantly higherincidence of hepatic venoocclusive
disease (VOD) occurs in those undergoing transplantation at longer intervals from diagnosis
(30). These data suggest clinically undetected injury to vital organs from prolonged administra-
tion of chemotherapy. Data from Seattle support this hypothesis: the higher incidence of VOD
with BU compared to TBI in patients with CML occurs only in heavily pretreated patients (34).

Most studies have compared the results of transplantation following delays of longer than
1 yr to those with lesser delays. As a result most clinicians recognize that transplantation less
than 1 yr following diagnosis is associated with improved outcome. There is little appreciation
for the further improvement in results achieved with less delay. The Seattle group has shown
that patients transplanted less than 6 mo following diagnosis fare better than those transplanted
later in the course of disease (/6). Results from Ohio State indicate that more than 90% of
patients who undergo transplantation less than 3 mo from diagnosis achieve sustained disease-
free survival and that transplantation within 3 mo of diagnosis is an independent, significant
favorable prognostic factor (30). Furthermore, the favorable results in patients transplanted
earlier in the course of disease occur primarily because of lower rates of transplant-related
mortality. Transplant-related mortality rates of approx 10% have been achieved in patients
transplanted early in the course of disease in single- (/6,30) and multi-institutional (35) trials.

Low mortality rates are exceptionally important, because early mortality (and not the pos-
sibility of relapse) is the dominant factor preventing or delaying transplantation in most patients.
This is particularly true considering recent data demonstrating that donor lymphocyte infusion
(DLI) is an effective treatment for patients who relapse following allogeneic transplantation,
often resulting in sustained disease-free survival (36-38).

The considerable heterogeneity in results, particularly transplant-related mortality, from
different institutions and study groups have complicated decision making. For example, single
institutional (39) and registry data (40), inclusive of patients transplanted through 1990, dem-
onstrated transp