CONTEMPORARY HEMATOLOGY

STEM CELL
TRANSPLANTATION
FOR HEMATOLOGIC
MALIGNANCIES

Edited by
Robert J. Soiffer, MD

3“(( HUMANA PRESS




STEM CELL TRANSPLANTATION
FOR HEMATOLOGIC MALIGNANCIES



CONTEMPORARY HEMATOLOGY

Gary J. Schiller, MD, Series Epitor

Stem Cell Transplantation for Hematologic Malignancies, edited by RoBERT J. SOIFFER,
2004

Chronic Lymphocytic Leukemia: Molecular Genetics, Biology, Diagnosis, and Management,
by Guy B. Facuer, 2004

Biologic Therapy of Leukemia, edited by Marr Karaycio, 2003

Modern Hematology: Biology and Clinical Management, by REINHOLD MUNKER, ERHARD
HILLER, AND RONALD PaguETTE, 2000

Red Cell Transfusion: A Practical Guide, edited by Marion E. REID AND SANDRA J. NANCE,
1998



STEM CELL
TRANSPLANTATION
FOR HEMATOLOGIC

MALIGNANCIES

Edited by
ROBERT J. SOIFFER, MD

Dana-Farber Cancer Institute
Harvard Medical School, Boston, MA

- HUMANA PRESS
AN Torowa, NEW JERSEY



© 2004 Humana Press Inc.
999 Riverview Drive, Suite 208
Totowa, New Jersey 07512

humanapress.com

For additional copies, pricing for bulk purchases, and/or information about other Humana titles, contact Humana at the above
address or at any of the following numbers: Tel: 973-256-1699; Fax: 973-256-8341; E-mail: humana@humanapr.com; website
at humanapress.com

All rights reserved. No part of this book may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, microfilming, recording, or otherwise without written permission from the
Publisher.

All articles, comments, opinions, conclusions, or recommendations are those of the author(s), and do not necessarily reflect the
views of the publisher.

Due diligence has been taken by the publishers, editors, and authors of this book to ensure the accuracy of the information
published and to describe generally accepted practices. The contributors herein have carefully checked to ensure that the drug
selections and dosages set forth in this text are accurate in accord with the standards accepted at the time of publication.
Notwithstanding, as new research, changes in government regulations, and knowledge from clinical experience relating to drug
therapy and drug reactions constantly occurs, the reader is advised to check the product information provided by the manufac-
turer of each drug for any change in dosages or for additional warnings and contraindications. This is of utmostimportance when
the recommended drug herein is a new or infrequently used drug. It is the responsibility of the health care provider to ascertain
the Food and Drug Administration status of each drug or device used in their clinical practice. The publisher, editors, and authors
are not responsible for errors or omissions or for any consequences from the application of the information presented in this
book and make no warranty, express or implied, with respect to the contents in this publication.

This publication is printed on acid-free paper. O
ANSI 739.48-1984 (American National Standards Institute)
Permanence of Paper for Printed Library Materials.

Production Editor: Robin B. Weisberg.
Cover Illustration: From Fig. 1A and B in Chapter 13, “Hepatic Veno-Occlusive Disease,” by Paul G. Richardson.
Cover design by Patricia F. Cleary.

Photocopy Authorization Policy: Authorization to photocopy items for internal or personal use, or the internal or personal
use of specific clients is granted by Humana Press, provided that the base fee of US $25.00 per copy is paid directly to the
Copyright Clearance Center (CCC), 222 Rosewood Dr., Danvers MA 01923. For those organizations that have been
granted a photocopy license from the CCC, a separate system of payment has been arranged and is acceptable to the
Humana Press. The fee code for users of the Transactional Reporting Service is 1-58829-180-4/04 $25.00.

Printed in the United States of America. 10 9 8 7 6 5 4 3 2 1
1-59259-733-5 (e-book)

Library of Congress Cataloging-in-Publication Data

Stem cell transplantation for hematologic malignancies / edited by Robert J. Soiffer.
p.; cm. -- (Contemporary hematology)
Includes bibliographical references and index.
ISBN 1-58829-180-4 (alk. paper)

1. Hematopoietic stem cells--Transplantation. 2. Lymphomas --Treatment. 3. Multiple myeloma--Treatment.
4. Leukemia --Treatment. 1. Soiffer, Robert J. II. Series.

[DNLM: 1. Leukemia--therapy. 2. Hematopoietic Stem Cell Transplantation. 3. Lymphoma--therapy.
WH 250 S824 2004]

RC271.H455874 2004
617.4'4--dc21

2003013960



PREFACE

Transplantation of human hematopoietic progenitor cells in the treatment of malignant disease
has been under clinical investigation since the 1980s. During this time, indications for transplan-
tation have been expanded considerably, and clinical outcomes have steadily improved. Yet, for-
midable obstacles remain. Identification of the ideal donor, prevention of transplant-related
complications (e.g., organ damage, infection, graft-vs-hostdisease [GVHD]), and permanent eradi-
cation of the underlying malignancy are critical for success, and sadly remain elusive in many
circumstances.

Fundamental notions about transplantation have changed over the past several years. No longer
are patients who seek transplantation limited by the availability of a human leukocyte antigen-
identical sibling. Advances in immune suppression and T-cell depletion have permitted transplan-
tation of stem cells from haploidentical relatives or from unrelated donors. As well, it is now clear
that not all allogeneic transplant recipients need to receive high doses of chemo/radiotherapy for
disease control or for prevention of graft rejection. Transplantation utilizing nonmyeloablative
doses of conditioning, so-called “mini-transplants,” takes advantage of the recognized capacity of
graft-vs-leukemiareactions to eliminate disease. Even the term bone marrow transplantis becoming
increasingly outdated as mobilized peripheral blood or umbilical cord blood, rather than bone
marrow, is used frequently as a stem cell source.

Stem Cell Transplantation for Hematologic Malignancies should provide students, physicians,
and other health care professionals with a clear vision of the current state-of-the-art in hematopoi-
etic stem cell transplantation for malignant disease. The first part of the book focuses on indications
and results of transplantation for acute leukemias, chronic myelogenous leukemia, lymphoma,
multiple myeloma, and breast cancer, providing insight into the relative merits of transplant and
nontransplant approaches to these disorders. Part II examines transplant-related complications
including the pathophysiology and clinical consequences of acute and chronic GVHD, delayed
immune reconstitution leading to infectious complications, and organ damage to the lung and liver.
Transplant-related complications do not always lead to death and their impact on survivors’ quality
of life is also presented.

Part I1I concentrates on the graft itself. Stem cell and donor source is addressed in chapters on
peripheral blood stem cell transplants, unrelated and haploidentical donor transplants, and umbilical
cord transplants. The effects of graft manipulation to eliminate residual contaminating tumors cells
in autologous transplantation or to reduce the number of T lymphocytes causing GVHD in alloge-
neic transplantation is then discussed. Finally, the role of donor lymphocyte infusions in the treat-
ment and prevention of relapse after stem cell transplantation and its influence on the development
of nonmyeloablative transplantation are addressed in the final two chapters. It is our hope that Stem
Cell Transplantation for Hematologic Malignancies will not only serve as acomprehensive review
of past and current experience surrounding transplantation for malignant disease, but also provide
a vision into the advances anticipated over the next several years.

ACKNOWLEDGMENTS

I'would like to thank my family for their unselfish support for all my academic endeavors. I would
also like to thank Gail Delaney for her technical assistance in preparing this book.

Robert J. Soiffer, mp






CONTENTS

PIOIACE ..ottt ettt et e sttt e v
CONIIIDULOTS ...ttt ettt ettt st st et eae e et e s et e et e st e emeeeatesanesaeeeas ix
PARTI. TRANSPLANT FOR MALIGNANT DISEASE
1 Allogeneic and Autologous Stem Cell Transplantation for Acute
Leukemia and Myelodysplasia in the Adult............ccccooviiiiiiininiiiieee, 3
Sandra Cohen and Stephen J. Forman
2 Hematopoietic Stem Cell Transplantation for Chronic
Myelogenous LeUKEeMIaA .......cocueriiriiiiiiiiiiieicceeceee et 25
Humberto Caldera and Sergio Giralt
3 Stem Cell Transplantation for Hodgkin’s and Non-Hodgkin’s
LYMPROMAS ..ttt ettt sttt e e 47
Thomas J. Kenney and John W. Sweetenham
4 Autologous and Allogeneic Transplantation for Multiple Myeloma..........c.c.ccc.c..... 85
Faith E. Davies and Kenneth C. Anderson
5  Hematopoietic Progenitor Cell Transplantation for Breast Cancer ............ccccceeueneee. 99
Yago Nieto and Elizabeth J. Shpall
PART II. COMPLICATIONS OF TRANSPLANTATION
6  Pathophysiology of Acute Graft-vs-Host DiS€ase.......c.cceveerienieniinienienienieneene 135
Takanori Teshima and James L. M. Ferrara
7 Acute Graft-vs-HOSt DISEASE .......eeruiriiriiiiiiieeieeie et 159
Uwe Platzbecker and H. Joachim Deeg
8  Chronic Graft-vs-Host Disease After Transplantation ..........c..ccoccevveerviirvicnicnecnnen. 185
Georgia B. Vogelsang and Colleen H. McDonough
9  Immune Reconstitution After Allogeneic Transplantation .........c...cocceeveeveeeneennenne 201
Carolyn A. Keever-Taylor
10 Infection in the Hematopoietic Stem Cell Transplant Recipient ..........ccccceveeneee. 237
Lindsey Baden and Robert H. Rubin
11 EBV Lymphoproliferative Disease After Transplantation .........ccccocceeveeveenennncnne 259
Stephen Gottschalk, Cliona M. Rooney, and Helen E. Heslop
12 Pathophysiology of Lung Injury After Hematopoietic Stem Cell
TraANSPLANTAtION ....eeuiiieiiieeiie ettt ettt e et e et e st e e s ibeesabeesbeeenes 271
Kenneth R. Cooke
13 Hepatic Veno-Occlusive DISEase ........ceveeriirieniieniieniienieeniiesitenieeee sttt 297
Paul G. Richardson
14 Quality-of-Life Issues Posttransplantation ..........c.c.cocceevirierienninninneeneeieeieeeeeene 315

Stephanie J. Lee

vii



viii Contents

PART III. SOURCES OF DONOR STEM CELLS
15 Stem Cell Sources: Peripheral Blood Stem Cells and Bone Marrow

for Allogeneic TranSplantation...............ccceeceiviiiiiieesiieiieese et 337
Corey Cutler and Joseph H. Antin
16  Allogeneic Unrelated Donor Blood and Marrow Transplantation .........c...ccccee...... 357
Daniel Weisdorf
17 Haploidentical Stem Cell Transplantation ........c..ccoceecerierieniieiiienieiieeeeeeeeeee 373

P. Jean Henslee-Downey

18  Umbilical Cord Hematopoietic Stem Cell Transplantation ........c..cccceeeeveeenernenn 391
Timothy F. Goggins and Nelson J. Chao

PART IV. GRAFT ENGINEERING

19  Tumor Contamination of Stem Cell Products: The Role of Purging ....................... 417
John G. Gribben
20 T-Cell Depletion to Prevent Graft-vs-Host DiS€ase .......c..ccecveviereenienicnienieneee, 431

Vincent Ho and Robert J. Soiffer

PART V. GRAFT-VS-TUMOR EFFECT
21  Donor Lymphocyte Infusions: Clinical Applications

and the Graft-vs-Leukemia Effect.............ccccoviriiniiniiniiniiniiniinicieeeeceeeneens 453
Edwin P. Alyea I11
22 Nonmyeloablative Transplantation ..........c.cccoceevueriirvierieniiniienicnereenee e 469

Lyle C. Feinstein and Brenda M. Sandmaier



CONTRIBUTORS

Epwin P. AvLyea 111, mp * Division of Hematologic Malignancies, Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA

KENNETH C. ANDERSON, MD * Division of Hematologic Neoplasia, Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA

JosepH H. ANTIN, MD ® Division of Hematologic Malignancies, Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA

LINDSEY BADEN, MD © Division of Infectious Diseases, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA

HuMBERTO CALDERA, MD ® Department of Medicine, University of Texas M.D. Anderson
Cancer Center, Houston, TX

NELSON J. CHAO, MD ® Department of Medicine, Duke University Medical Center, Durham, NC

SANDRA COHEN, MD *® Division of Hematology and Bone Marrow Transplantation, City
of Hope Comprehensive Cancer Center, Duarte, CA

KEeNNETH R. COOKE, MD * Division of Hematology/Oncology, Department of Pediatrics,
Comprehensive Cancer Center, University of Michigan, Ann Arbor, M1

Corey CUTLER, MD, MPH, FRCPC ® Division of Hematologic Malignancies, Dana-Farber
Cancer Institute, Harvard Medical School, Boston, MA

FartH E. Daviges, mp ¢ Division of Hematologic Neoplasia, Dana-Farber Cancer Institute,
Harvard Medical School, Boston, MA

H. JoacHm DEEG, MD © Division of Clinical Research, Fred Hutchinson Cancer Research
Center, University of Washington School of Medicine, Seattle, WA

LyLE C. FEINSTEIN, MD ® Transplantation Biology Program, Clinical Research Division,
Fred Hutchinson Cancer Research Center, University of Washington School
of Medicine, Seattle, WA

JaMmEs L. M. FERRARA, MD ® Departments of Internal Medicine and Pediatrics,
Comprehensive Cancer Center, University of Michigan, Ann Arbor, M1

STEPHEN J. FORMAN, MD © Hematologic Neoplasia Program, City of Hope Comprehensive
Cancer Center, Duarte, CA

SERGIO GIRALT, MD ® Department of Medicine, University of Texas M.D. Anderson Cancer
Center, Houston, TX

TimMoTHY F. GOGGINS, MD * Department of Medicine, Duke University Medical Center,
Durham, NC

STEPHEN GOTTSCHALK, MD ® Department of Pediatrics, Center for Cell and Gene Therapy,
Texas Children’s Cancer Center, Baylor College of Medicine, Houston, TX

JouN G. GRIBBEN, MD, Dsc ® Division of Hematologic Neoplasia, Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA

P. JEaN HENSLEE-DOWNEY, MD © Division of Blood Diseases and Resources, National Heart,
Lung and Blood Institute, National Institutes of Health, Bethesda, MD; and South
Carolina Cancer Center, University of South Carolina, Columbia, SC

HEeLeN E. HesLop, MD ® Departments of Medicine and Pediatrics, Center for Cell and Gene
Therapy, Baylor College of Medicine, Houston, TX



X Contributors

VINCENT Ho, MD © Division of Hematologic Malignancies, Dana-Farber Cancer Institute,
Harvard Medical School, Boston, MA

CAROLYN A. KEEVER-TAYLOR, PhD ® Department of Medicine, Division of Neoplastic
Diseases and Related Disorders, Blood and Bone Marrow Transplantation Program,
Medical College of Wisconsin, Milwaukee, WI

THoMAs J. KENNEY, MD © Division of Medical Oncology, University of Colorado Health
Sciences Center, Denver, CO

STEPHANIE J. LEE, MD, MPH ® Division of Population Science, Dana-Farber Cancer Institute,
Harvard Medical School, Boston, MA

CoLLEEN H. McDoNOUGH, MD ¢ The Sidney Kimmel Comprehensive Cancer Center, Johns
Hopkins University, Baltimore, MD

Y AaGo NIETO, MD ® Bone Marrow Transplant Program, University of Colorado Health
Sciences Center, Denver, CO

UWE PLATZBECKER, MD ® Division of Clinical Research, Fred Hutchinson Cancer Research
Center, University of Washington School of Medicine, Seattle, WA

PauL G. RicHARDSON, MD * Division of Hematologic Malignancies, Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA

CLIONA M. ROONEY, pPhD ® Departments of Molecular Urology and Microbiology and
Pediatrics, Center for Cell and Gene Therapy, Baylor College of Medicine, Houston,
TX

RoBERT H. RUBIN, MD, FACP, FccP ® Division of Infectious Diseases, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA

BRENDA M. SANDMAIER, MD ® Transplantation Biology Program, Division of Clinical
Research, Fred Hutchinson Cancer Research Center, University of Washington School
of Medicine, Seattle, WA

ELizABETH J. SHPALL, MD ® Department of Blood and Marrow Transplantation, University
of Texas M.D. Anderson Cancer Center, Houston, TX

ROBERT J. SOIFFER, MD * Division of Hematologic Malignancies, Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA

JouN W. SWEETENHAM, MD * Division of Medical Oncology, University of Colorado Health
Sciences Center, Denver, CO

TAKANORI TESHIMA, MD, PhD ® Department of Internal Medicine, Comprehensive Cancer
Center, University of Michigan, Ann Arbor, M1

GEORGIA B. VOGELSANG, MD ® The Sidney Kimmel Comprehensive Cancer Center, Johns
Hopkins University, Baltimore, MD

DANIEL WEISDORF, MD ® Division of Hematology, Oncology, and Transplantation,
University of Minnesota, Minneapolis, MN



Part I TRANSPLANT FOR MALIGNANT DISEASE







1 Allogeneic and Autologous Stem Cell

Transplantation for Acute Leukemia

and Myelodysplasia in the Adult

Sandra Cohen, MD and Stephen ]. Forman, MD
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1. ALLOGENEIC TRANSPLANTATION FOR
ACUTE LYMPHOBLASTIC LEUKEMIA

1.1. Introduction

Acute lymphoblastic leukemia (ALL) is characterized by clonal proliferation, accumulation,
and tissue infiltration of immature lymphoid cells of the bone marrow. Although ALL accounts
for approx 80% of childhood leukemias in the United States, a second peak occurs around age
50 and there is an increase in incidence with increasing age. Age greater than 60 yr, leukocyte
count greater than 30,000, non-T-cell phenotype, lack of mediastinal adenopathy, poor perfor-
mance status at diagnosis, Philadelphia chromosome (Ph)+ at cytogenetic analysis, as well as the
finding of other chromosomal translocations such as t(4;11), t(1;19), or t(8;14) all predict for a
poor outcome even with aggressive chemotherapy. Those patients requiring more than 4 wk of
induction therapy to achieve remission also have a poorer prognosis (/—4).

1.2. Cytogenetics in ALL

Cytogenetic abnormalities found in patients with ALL can be powerful predictors of treat-
ment outcome. In many instances, results of cytogenetic studies can help to direct treatment,
highlighting where more aggressive treatment, such as allogeneic transplantation, should be
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strongly considered. Chromosomal changes are found in 60-85% of all cases of ALL (5,6).
Numerical chromosome abnormalities, either alone or in association with structural changes,
are found in about half of ALL cases. Although more than 30 distinct nonrandomly occurring
rearrangements are presently known in ALL, a few particular cytogenetic anomalies are sig-
nificantly more common than others and determine the prognosis for the patient. The Third
International Workshop on Chromosomes in Leukemia (TIWCL) identified several signifi-
cant differences between groups of patients, based on results of cytogenetic studies. Translo-
cations t(8;14), t(4;11), and 14q+ correlate with a higher risk of central nervous system (CNS)
involvement, whereas t(4;11) and t(9;22) were associated with higher leukocyte and blast
counts and risk for relapse.

The most common cytogenetic abnormality in adult ALL is the Ph chromosome. Occurring
most commonly in chronic myelogenous leukemia (CML), the Ph chromosome brings into
juxtaposition the tyrosine kinase c-abl on chromosome 9 with the major breakpoint cluster
region (m-bcr) on chromosome 22. The Ph+ chromosome appears in about 95% of patients
with CML, in about 1-2% of patients with acute myelogenous leukemia (AML), as well as in
up to 5% of children and 15-30% of adults with ALL (7). In contrast to CML, in which patients
with the ber-abl hybrid protein almost always measures 210 kd (the p210 protein), about half
of patients with ALL and the Ph+ chromosome have a 190-kd protein (p195) (see below).

Currently, the overall disease-free survival for adult patients with ALL is 35%, with those
patients with T-cell ALL having the better treatment outcomes compared to all other subtypes
of ALL in the adult (8—12).

As with any other hematologic malignancy, the decision of whether and when to proceed
to allogeneic transplant is often dictated by prognostic features identified at diagnosis. Initial
treatment of adult patients with ALL has evolved over the past few decades, with a dramatic
increase in intensity of treatment and with the addition of consolidation and maintenance arms
of treatment. Overall, complete remission (CR) rates have risen to as high as 80-90% of those
patients under the age of 60 (/3). However, the higher-dose regimens do select for disease that
is more chemotherapy resistant when relapses do occur. Second remissions occur with lower
frequency than in previous years and, when achieved, tend to be shorter lasting.

1.3. Allogeneic Transplantation in First Complete Remission

Allogeneic transplantation in first complete remission (CR1) is generally reserved for those
patients who present with poor risk features, such as those described earlier. In several Phase
II studies, patients with high-risk disease treated with allogeneic transplantation had a disease-
free survival (DSF) longer than would have been predicted. Depending on the risk factors
present at diagnosis in an individual patient, continued remissions range from less than 10%
to more than 50%. Studies that have been conducted indicate that bone marrow transplantation
(BMT) offers some groups of such patients long-term disease survival rates of between 40%
and 60% (13). Atthe City of Hope and Stanford, a series of 149 patients with high-risk features
were transplanted in CR1. Selection criteria included white blood cells (WBC) higher than
25,000, chromosomal translocations t(9;22), t(4;11), and t(8;14), age older than 30, extramed-
ullary disease at the time of diagnosis, and/or requiring more than 4 wk to achieve a CR. Two-
thirds of the patients had at least one risk factor and the remaining patients had two or more
high-risk features at presentation. The majority of these patients underwent hematopoietic cell
transplantation (HCT) in the first 4 mo after achieving a CR. HCT during first remission led
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Fig. 1. Probability of event-free survival (EFS), overall survival (OS), and relapse for 149 adult patients
with high-risk ALL. (Updated from ref. /5 with permission.)

to prolonged DFS in this patient population who would otherwise have been expected to fare
poorly. Atamedian follow-up of greater than 5 yr, the actual DFS was 61%, with arelapse rate
of 10% (14,15) (see Fig. 1).

The French Group on Therapy for Adult ALL conducted a retrospective study comparing
chemotherapy to autologous stem cell transplantation (autoSCT) and allogeneic BMT
(alloBMT). Although the overall results of treatment did not show a treatment advantage for
the alloBMT group, subgroup analysis revealed that those patients with high-risk disease had
a higher 5-yr survival of 44% as opposed to 20% in the other two groups.

1.4. Philadelphia Chromosome-Positive ALL

Because of the poor prognosis associated with Ph+ ALL, allogeneic transplant is generally
pursued during CR1, as long as there are no absolute medical contraindications to BMT. A recent
report updated this experience on 23 patients with Ph+ ALL transplanted from human leukocyte
antigen (HLA)-identical siblings while in CR1 between 1984 and 1997. All but one patient were
conditioned with fractionated-dose total-body irradiation (FTBI) (1320 cGy) and high-dose
etoposide. The 3-yr probability of DFS and relapse were 65% and 12%, respectively. The subset
of patients transplanted after 1992 had a DFS of 81% with a relapse rate of 11%, and it is
speculated that these patients may have benefited from improvements in supportive care (16).

Volunteer matched unrelated donors (MUD) are used when no suitable sibling donors can
be found. A report from Seattle reported results for MUD BMT for 18 patients with Ph+ ALL
who underwent transplantation at that center and who lacked a suitable family donor. The
median patient age was 25 yr. Seven patients were in CR1, one was in second remission, three
were in first relapse, and the remaining seven had more advanced or chemotherapy refractory
leukemia at transplant. All patients were conditioned with cyclophosphamide and total-body
irradiation followed by marrow transplants from closely HLA-matched, unrelated volunteers.
Graft failure was not observed. Five patients had recurrent ALL after transplantation and
another four died from causes other than leukemia. Six patients transplanted in CR 1, two in first
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relapse, and one in second remission remain alive and leukemia-free at a median follow-up of
17 mo (range: 9-73 mo). The probability of leukemia-free survival at 2 yr is 49% (17).

Of additional interest are the follow-up of patients with Ph+ ALL and the impact of the
detection of minimal residual disease (MRD) after allogeneic transplant. Radich et al. re-
viewed the transplants of 36 patients with Ph+ ALL. Seventeen were transplanted in relapse
and 19 were transplanted in remission. Twenty-three patients had at least one positive bcr-abl
polymerase chain reaction (PCR) assay after BMT either before a relapse or without subse-
quent relapse. Ten of these 23 relapsed after a positive assay at a median time from the first
positive PCR assay of 94 d (range: 28-416 d). By comparison, only 2 relapses occurred in the
13 patients with no prior positive PCR assays. The unadjusted relative risk (RR) of relapse
associated with a positive PCR assay compared with a negative assay was 5.7.

The data from Radich et al. also suggest that the type of ber-abl chimeric mRNA detected
posttransplant was associated with the risk of relapse: 7 of 10 patients expressing the p190 bcr-
abl relapsed, compared with 1 of 8 who expressed only the p210 ber-abl mRNA. The RR of
p190 ber-abl positivity compared to PCR-negative patients was 11.2, whereas a positive test
for p210 ber-abl was apparently not associated with an increased relative risk. The finding that
the expression of p190 ber-abl may portend an especially high risk of relapse suggests a
different clinical and biologic behavior between p190 and p210 bcr-abl (18).

L.5. Relapsed or Refractory ALL

Acute lymphoblastic leukemia (ALL) is refractory to primary chemotherapy in approx 10—
15% of patients. Of all those patients who do achieve a CR1 to primary therapy (65-85%),
approx 60-70% will relapse. Relapsed ALL in an adult is rarely curable, but remissions are
sometimes achieved with reinduction with either a standard vincristine, prednisone, and
anthracycline or a cytarabine-based regimen, particularly high-dose Ara-C (HDAC) combined
with an anthracycline (/9-23). Available data from the Interantional Bone Marrow Transplant
Registry IBMTR) shows that patients transplanted from an HLA-identical sibling for ALL in
second CR (CR2) have approx a 35—40% chance of long-term DFS, whereas those transplanted
with disease not in remission have a leukemia-free survival (LFS) of only 10-20%.

1.6. Unrelated BMT for ALL

Historically, the outcome after transplantation from unrelated donors has been inferior to
that observed after matched-sibling transplantation because of increased rates of graft rejection
and graft-vs-host disease (GVHD) resulting from increased alloreactivity in this setting. The
IBMTR reports a DFS of 44% for patients receiving unrelated donor transplantations for ALL
in CR1 and 33% in CR2. The National Marrow Donor Program (NMDP) reports 5-yr DFS of
35% in CR1 in adults and 46% in children, decreasing to 25% and 40%, respectively, in CR2.
Over the past few years, improved results have been reported from several single-center
studies, particularly in pediatric patients, reflecting improvements in donor/recipient match-
ing, GVHD prophylaxis, and supportive care (24—27). In addition, an NMDP study showed that
younger donor and recipient age were associated with significantly improved outcome (28).

1.7. Impact of GVL on Recurrence of ALL

Unlike patients with CML, or even AML, studies of patients with ALL who have relapsed
after alloBMT have demonstrated a limited response to discontinuation of immunosuppression
or to donor leukocyte infusions (29). This has led some to question the existence of a therapeu-
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Table 1

Relapse After Transplantation for ALL in CR1
Group Relapse probability at 3 yr (%)
Allogeneic, non-T-cell-depleted
No GVHD 44 £ 17
Acute only 17+9
Chronic only 20+ 19
Both 15+10
Syngeneic 41 +32
Allogeneic, T-cell-depleted 34+13

tic graft-vs-leukemia (GVL) effect in ALL. A comparative review of patients who underwent
alloBMT for ALL suggests that patients with ALL who have had GVHD have a lower relapse
rate than do patients who lack the effect (Table 1).

2. AUTOLOGOUS HEMATOPOIETIC CELL
TRANSPLANTATION FOR ADULT ALL

There is much less experience with autologous transplantation for ALL and studies have
been focused primarily on those patients in either first or second remission who lacked a sibling
orallogeneic donor. Some studies have utilized the same criteria for autologous transplantation
as has been utilized for allogeneic transplantation based on the idea that the preparative regi-
men does contribute to the cure of ALL because the allogeneic effect is less potent than in
myeloid malignancy. Several groups have reported outcomes for large series of adults with
ALL undergoing autologous hematopoietic transplantation in CR1 (30-36). One study from
France reported on 233 such patients with long-term DFS at 41% (37). The most important
prognostic factor was the interval between achieving a CR and proceeding to transplant, with
those patients being transplanted later having the better DFS. This effect may represent the
dropout of high-risk patients who relapse before transplantation or possibly the effect of
consolidation therapy in reducing tumor burden administered prior to HCT. The European
Cooperative Group report on more than 1000 patients indicated an LFS of 36%, whereas the
IBMTR reported a similar plateau at 40% (30).

One randomized trial showed a comparison between outcome of adults with ALL in first
remission treated with chemotherapy vs autologous transplantation. The French LALA 87 trial
allocated patients under 40 with HLA-matched siblings to transplantation and the remaining
patients received consolidation treatment with modest-dose chemotherapy or an autologous
transplant (37). There was a significant dropout rate in the autologous arm because of early
relapse, and the long-term follow-up showed no significant difference in overall survival
between the two groups: 34% for autologous BMT and 29% for chemotherapy. This difference
applied to both the standard-risk or high-risk group. This trial has been very influential, as it
represents the only randomized trial of the use of autologous transplantation in ALL. A larger
trial involving collaboration between the Eastern Cooperative Oncology Group and the Medi-
cal Resarch Council (MRC) is ongoing comparing allogeneic transplant, autologous transplant
or chemotherapy in all adult patients with ALL who go into remission (38). In addition, a
collaboration between the CALGB and the Southwest Oncology Group will determine whether
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the utilization of STI-571 (Gleevec) consolidation therapy for patients with Ph+ ALL who lack
a sibling or unrelated donor will achieve a PCR-negative state that would facilitate the collec-
tion of autologous stem cells that are relatively free of leukemia cells and then could be used
for support of an autologous transplant. In general, the results for autologous transplantation
for Ph+ positive ALL have been quite poor and this trial will help determine whether STI-571,
in addition to its contribution to improving the response rate of patients with CML, can also
benefit patients with ALL.

3. ALLOGENEIC TRANSPLANTATION FOR AML

The use of BMT for AML has expanded in the past three decades and has moved from an
experimental 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
response to initial therapy, as described in this section (39—43). The following discussion
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 have refined their classification and understanding, includ-
ing the acute leukemias (44). In AML, even more than ALL, a large number of leukemia-
specific cytogenetic abnormalities have been identified and the involved genes cloned. These
studies have helped elucidate the molecular pathways that may be involved in cellular transfor-
mation, provide methods for monitoring of patients after chemotherapy, and help evaluate the
response to therapy correlated with various clinical and phenotypic characteristics (45). Al-
though the leukemia cells in many patients do not have detectable structural chromosome
abnormalities at diagnosis, some may show molecular changes at diagnosis, such as involve-
ment of the mixed lineage leukemia (MLL) gene (46). Taken together, these observations have
led to the concept that AML is a heterogeneous disease with its variants best defined by molecu-
lar defects and cytogenetic changes, some of which are more common in different age groups.
In previous treatment trials with either standard therapy or allogeneic or autologous transplan-
tation, patients were often treated as a homogeneous group. As described in the following
subsections, 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 based
and response-based treatment decision, rather than a global one, for patients with AML.

3.1. Cytogenetic Characterization of AML

Cytogenetic risk groups form the backbone of a decision tree for postremission consolida-
tion at the present time (47—49). Other disease-related factors that influence the risk of relapse
after induction chemotherapy include high leukocyte count at diagnosis or extramedullary
disease and residual leukemia in marrow exams 7—10 d after completion of induction therapy.
The availability of a sibling or unrelated donor also affects the risk assessment for consolida-
tion treatment. HLA typing is now part of the National Comprehensive Cancer Network
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(NCCN) guideline recommendations for initial evaluation of patients with newly diagnosed
AML who do not have comorbid medical conditions that would be a contraindication to
transplantation.

3.1.1. STEM CELL TRANSPLANTATION FOR ACUTE PROMYELOCYTIC LEUKEMIA

Patients with acute promyelocytic leukemia (APL) enjoy an excellent DFS (80-90%) with
current conventional-dose chemotherapy combined with all-transretinoic acid (ATRA) in
induction and maintenance (50,51 ). Remission status can be monitored by following the level
of the fusion protein (PML/RAR) produced by the t(15;17) translocation using PCR techniques
(51). Patients who either fail to achieve molecular remission by completion of consolidation
or who show re-emergence and a rising level of the fusion protein are likely to relapse. Trans-
plantation, using either an allogeneic donor or a molecular negative autologous stem cell
product, is reserved for patients with APL who show evidence of relapse.

3.1.2. Goop-Risk CYTOGENETICS

Patients with good-risk cytogenetics [t(8;21), inv(16), t(16;16)] may achieve long-term
remission with multiple cycles of high-dose Ara-C in 40-60% of patients with relapse as the
major cause of treatment failure (52). Autologous transplant following one or more dose-
intensive chemotherapy consolidations have shown a somewhat better DFS of 70-85% in
cooperative groups and single-institution studies (53). Although molecular probes exist for
these translocations, their use in monitoring minimal residual disease is not as clinically useful
as the probes for CML or APL (54,55). 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 consolidation therapy would include (1) multiple cycles of high-
dose Ara-C, with allogeneic transplant reserved for treatment of relapse in patients having a
sibling donor, (2) one or two cycles of HDAC followed by autologous peripheral blood stem
cell transplantation (PBSCT) in CR, or (3) multiple cycles of HDAC with autologous stem cells
collected in remission and reserved for salvage in patients without a sibling donor.

3.1.3. INTERMEDIATE-RISK CYTOGENETICS

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) transplantin CR offer an improved
DFS of 50-60% (56-58). Factors that might influence the type of transplant are patient age,
tumor burden at diagnosis, and infectious complications during induction. In younger patients
(<30yr) in whom the risk of GVHD is relatively low, allogeneic transplantation may be more
attractive because of 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 equivalent chance of
relapse-free survival (RFS) with less long-term toxicity. Recent studies using peripheral blood
stem cells (PBSCs) rather than marrow in the allogeneic setting have shown a significant
decrease in the toxicity profile of a dose-intensive regimen that may make these treatments
safer in older patients but longer follow-up is needed (59). In addition, the development of
nonmyeloablative allogeneic transplant approaches may allow for the use of alloBMT in older
patients with AML.
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3.1.4. Poor-Risk CYTOGENETICS

Patients with loss of chromosome 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 DES). Autologous transplants
have failed to improve on these results in most series. Allogeneic transplants can cure approx
40% of patients in this group (60,61 ). 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.

3.2. 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 (44). 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 (62). Subse-
quent treatment options for patients who successfully enter CR1 after primary induction therapy
include repeated courses of intensive consolidation chemotherapy, autoBMT, or alloBMT.

Currently, the decision on which of the three 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 firstremission (39). 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, alloBMT carries
with it a higher potential for complications, with particular difficulty arising from regimen-
related toxicity, infection, and GVHD, but it offers the therapeutic potential of the GVL effect.
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 transplan-
tation at the time of first remission because the disease may become treatment resistant,
accompanied by the development of additional somatic mutations and drug resistance. Patients
who relapse and who are then treated with chemotherapy may develop organ dysfunction as
a result of chemotherapy, 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, CR2, or for primary refractory disease, etc.) Therefore,
much research has centered on the determination of which patients are most likely to benefit
from alloBMT early in their treatment course.

3.3. 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 alloBMT should be evaluated
regarding the number, health, and availability of siblings or other close relations who are
potential candidates for bone marrow donation. HLA typing can be performed at any time, but
it should be performed early so that all treatment options can be defined, particularly if the
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Fig. 2. Actuarial relapse rate for patients undergoing allogeneic transplantation for AML in first remis-
sion with aregimen of fractionated total body irradiation and VP-16. Based on pretransplant cytogenet-
ics, those patients with poor-risk cytogenetics showed a higher rate of relapse compared to those with
more favorable cytogenetic findings.

patient does not achieve a remission. This applies particularly to patients with poor-risk cyto-
genetics 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 abnor-
malities in the marrow after CR is attained. In addition, there is currently no evidence that
consolidation therapy used before proceeding to allogeneic transplant has any benefitin reduc-
ing relapse after allogeneic transplant (63). Thus, for patients in a first morphologic and
cytogenetic remission who are candidates for alloBMT, consolidation therapy is not necessary
and may lead to complications that either delay or increase the risk of transplantation.

3.4. Outcome After BMT for AML

Studies demonstrate a 5-yr DFS of 46-62% for patients treated with alloBMT in CR1 (64-68).
Cytogenetic analysis also has an impact on the outcome of transplant. In one series, relapse was
0% in patients with good-risk cytogenetics and approached 40% in those patients with poor-
risk cytogenetics (69) (see Fig. 2). Additional studies from multiple institutions support a DFS
ranging from 46% to 62% after 5 yr of observation (70-75).

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,
whereas those treated in CR2 had a DFS of 50% at 48 mo. All patients were treated with a
conditioning regimen of total-body irradiation (TBI), Thiotepa, and cyclophosphoride. Prob-
ability of relapse in patients treated in CR 1 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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3.5. Effect of Conditioning Regimen on Survival or Relapse Rate

Several studies have been published comparing outcomes 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 (76). Other studies have
found no significant differences between conditioning regimens using cyclophosphamide
(Cy)/single-dose TBI vs Cy/fractionated-dose TBI (FTBI), CT/TBI vs Melphalan/TBI (77).
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 busulfan (intravenous or targeted therapy)
may have an impact on both toxicity and relapse (78). 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 (79). Presently, there are
no data to determine whether one regimen is more or less effective for each of the cytogenetic
subtypes of AML.

3.6. AlloBMT 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 lack a sibling donor. For those patients
who are able to achieve a second remission, particularly after a long first remission and lack
a sibling donor, an autologous transplant is a potentially curative therapy (80,81). A common
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 firstin an attempt to reach a CR2 (required for autoBMT). Although no randomized
data are available, one study demonstrates statistically nonsignificant survival rates differ-
ences of 29% in patients transplanted in untreated first relapse (R1) vs 22% in second remission
(R2) and in 10% with refractory relapse (39,82,83). Another study retrospectively evaluated
outcomes in patients transplanted at various stages of disease. DFS was significantly better in
patients transplanted in R1, but no statistical difference was found between the various groups
transplanted beyond CR1. Thus, the decision concerning reinduction is often based on the age,
condition, duration of R1 and cytogenetic category of the patient with relapsed AML (39).
Figure 3 shows an approach to the timing and use of BMT based on prognostic features found
at diagnosis and in response to treatment (39).

3.7. 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 that indicate that the use of allogeneic
transplantation in patients who have not achieved a remission may result in long-term DFS in
approx 5-30% of patients (84-86). A recent analysis of 71 patients with primary refractory
AML who underwent a transplant from a sibling donor was performed to determine whether
there are pretransplant features of this unique patient population that predict treatment outcome
(87). Unfavorable cytogenetics before stem cell transplantation (SCT) was significantly asso-
ciated 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
cytogenetics and 18% and 68% for those patients with unfavorable cytogenetics. Figure 4
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Fig. 3. Algorithm for the treatment of patients with AML. (Reprinted with permission from ref. 39.)

shows the DFS for a group of patients who failed to achieve a remission and were then treated
with an alloBMT from a sibling donor.

The data suggest that allogeneic transplantation can cure some patients with primary refrac-
tory AML and that cytogenetic analysis before SCT correlates with transplant 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 HDAC-based regimen, proceeding to allogeneic trans-
plantation 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 (88).

4. AUTOLOGOUS SCT FOR AML IN CR1

Many studies have been published utilizing unpurged marrow or purged marrow for treat-
ment of patients with AML in R1, usually after consolidation therapy (89-94). DFS for patients
in CR1 have varied between 34% and 80%. Although each trial demonstrates the potential
efficacy of the approach, many of these studies have been criticized for including patients who
had received widely varying induction therapies, types and numbers of consolidation cycles
before autologous HCT, duration of CR before transplant, and relatively short follow-up times.
In addition, there are differences in the stem cell product manipulation and preparative regi-
mens. In many of these studies, similar to many reports of allogeneic transplant for AML in
R1, a number of patients who otherwise would have been candidates for autoSCT suffered a
relapse prior to transplant and were not part of the subsequent analysis.

The Medical Research Council Leukemia Working Parties (MRC10) conducted a clinical
trial to determine whether the addition of autoBMT to intensive consolidation chemotherapy
improved RFS for patients with AML inR1(90). After three courses of intensive consolidation
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Fig. 4. Disease-free survival for a group of patients with AML undergoing allogeneic transplantation
after having failed to achieve a remission with either Ara-C, idarubicin, or HDAC 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.

therapy, bone marrow was harvested from patients who lacked a donor. These patients were
then randomized to receive, after one additional course of chemotherapy, either no further
treatment or an autoBMT or preparation with cyclophosphamide and total-body irradiation.
On an intent to treat analysis, the number of relapses was substantially lower in the group
assigned to transplant (37% vs 58%, p = 0.007), which resulted in superior DFS at 7 yr (53%
vs 40%, p = 0.04). This benefit for transplant was seen in all cytogenetic risk groups (see Fig. 5).

InaNorth American study, patients in R1 with a histocompatible sibling donor were assigned
to allogeneic transplantation and the remainder were randomized between autoHCT utilizing
4-HC-purged marrow or one course of 3 g/m?> HDAC every 12 hfor 6 d. The preparative regimen
for both the allogeneic and autologous transplant was busulfan and cyclophosphamide. The 4-
yr DFS for chemotherapy, autologous transplant, and allogeneic transplant was 35%, 37%, and
42%, respectively; however, as noted earlier, the impact of any of these therapies needs to take
into account the pretreatment characteristics of the disease in order to assess the efficacy of the
postremission therapy (95). In the above-noted trial, patients were categorized into favorable,
intermediate, unfavorable, and unknown cytogenetic risk groups based on pretreatment karyo-
types that had, as described earlier, an impact on achievement of remission; however, among
postremission patients, survival from CR varied significantly among the favorable, intermedi-
ate, and unfavorable groups, with significant evidence of interaction between the effects of
treatment and cytogenetic risk status on survival. In this trial, patients with favorable cytoge-
netics did significantly better following autologous transplantation and alloBMT than with
chemotherapy alone, whereas patients with unfavorable cytogenetics did better with an alloge-
neic transplant. These data, combined with that obtained from the CALGB concerning the dose—
response curve of Ara-C in postremission therapy, indicate, again, the importance of cytogenetic
analysis on the outcome of any particular postremission induction therapy.
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Fig. 5. Disease-free survival of patients randomized between autologous transplantation and intensive
chemotherapy in the MRC10 trial. (Reprinted with permission from ref. 56.)

5. POST-AUTOLOGOUS-TRANSPLANT IMMUNOTHERAPY

Several groups have attempted to determine whether the addition of an immunotherapeutic
strategy after achievement of minimal residual disease and autologous transplant might improve
DES for patients (96—99). Interleukin-2 (IL-2) is a cytokine that has a broad range of antitumor
effects and has been used in some patients undergoing autologous transplant for a variety of
malignancies. A Phase Il study from the City of Hope utilizing high-dose IL-2 following HDAC/
idarubicin-mobilized autoSCT was conducted with 70 patients (/00). The treatment strategy
consisted of consolidation postinduction with high-dose cytosine arabinoside and idarubicin
followed by granulocyte colony-stimulating factor and autologous PBSC collection and then
autoSCT utilizing TBI (12 Gy), VP-16 (60 mg/kg), and cyclophosphamide (75 mg/kg). IL-2 was
administered upon hematologic recovery at a schedule of 9 x 10% I[U/m? for 24 h on d 1—4 and
1.6 x 10% ITU/m? IL-2 on d 9-18. Seventy patients with a median age of 44 were treated in the
study. Of these patients, 29% had good-risk cytogenetics, 38% had intermediate-risk cytogenet-
ics, and 36% had either unfavorable-risk or unknown cytogenetics. Of 70 patients, 60 were able
to undergo autoSCT following consolidation. With a median follow-up of 33 mo, the 2-yr
probability of DFS for the whole group of patients on an intention to treat analysis is 66% and
73% for the 39 patients who actually made it to autoSCT (see Fig. 6). Whether IL-2 or any other
post-BMT immunotherapeutic approach mimicking an allogeneic GVL has an impact on overall
DFS will require a randomized trial stratified by cytogenetic risk groups.

Taken together, these results indicate that autologous transplant in CR1 after one or more
courses of consolidation therapy can improve DFS in selected groups of patients. There still
remain questions about the number and type of courses of consolidation chemotherapy, the
type of regimen used for BMT, and the treatment of MRD after transplant.

6. MYELODYSPLASTIC SYNDROMES

The myelodysplastic syndromes (MDSs) encompass a spectrum of marrow disorders with
variable degrees of ineffective hematopoiesis and predisposition to leukemic transformation
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Fig. 6. Disease-free survival and time to relapse for patients with AML undergoing autologous transplant
in R1 followed by posttransplant IL-2.

with survival ranging from months to decades after diagnosis (/01). Factors influencing out-
come are the number of significant cytopenias and cytogenetic abnormalities and the presence
of increasing marrow blasts, which have recently been codified into a prognostic index that
reflects both survival and leukemic transformation, as described later in this chapter (102).
Whereas 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
(103,104). These secondary MDS patients tend to be at high risk for early transformation to
AML and often have poor-risk cytogenetics.

Decisions to utilize transplantation to replace the defective stem cells are influenced by the
patient’s age, prognostic index score, and comorbid conditions. 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, full-dose allogeneic transplant from
a sibling or volunteer unrelated donor should be considered as primary therapy for patients
under 55 yr of age; such procedures successfully restore normal hematopoiesis in 40-50% of
patients (105). For patients with high-risk disease (with >15% blasts in the marrow) or second-
ary 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.

6.1. IPSS Classification of MDS

The first clinically useful staging system, the French—American—British (FAB) classifica-
tion, as proposed by Bennett and colleagues, categorized MDS on the basis of the proportion
of myeloblasts in the marrow (and blood) into refractory anemia (RA), RA with ringed
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Table 2
Classification of MDS Acccording to FAB

Classification % Marrow % Peripheral Ringed Monocytes

blasts blood blasts sideroblasts >1000/uL

>15% of bone
marrow

RA <5 <1 - -
RARS <5 <1 + -
RAEB 5-20 <5 + -
RAEB-T 21-30 >5 + +
CMML* <5 <5 + +

Note: + always present; —, always absent; *, variable.

“Recently reclassified as an MPD.

sideroblasts (RARS), RA with excess blasts (RAEB), and RAEB in transformation (RAEB-
T) (see Table 2) (101). An additional subcategory, chronic myelomonocytic leukemia
(CMML), has recently been reclassified as a myeloproliferative disorder. Several additional
classification alternatives followed by the FAB proposal, and, recently, Greenberg and col-
leagues presented the IPSS, which, in addition to the proportion of blasts, considers the number
of peripheral blood cytopenias and clonal chromosomal abnormalities (/02). Normal cytoge-
netics, -y, 5q-, and 20q-, are considered good risk, chromosome 7 abnormalities and complex
karyotypes are considered poor risk, and all other findings are considered intermediate risk (see
Table 3). Combining blast counts, cytopenias, and cytogenetics, the International Prognostic
Scoring System (IPSS) divides MDS into four risk groups: low risk, intermediate-1, interme-
diate-2, and high risk. With conventional management, the median life expectancies for these
four groups were 5.7, 3.5, 1.2, and 0.4 yr, respectively. Disease progression was faster in older
patients than in younger patients.

6.2. Clinical Results of Allogeneic Transplant for MDS

A rapidly growing number of patients with MDS have undergone allogeneic HSCT, and
results show that stage by FAB or IPSS classification at the time of transplantation significantly
impacts the posttransplant outcome. As expected from the natural history of the different risk
categories, patients with RA/RARS and with low IPSS scores, especially with low-risk cyto-
genetics, generally do better after HSCT, predominantly because of a lower relapse rate (106).
Disease recurrence and nonrelapse mortality (NRM) have been the major causes of treatment
failure in patients with “advanced” or “high-risk” MDS treated with allogeneic transplantation.
The European Bone Marrow Transplant (EBMT) group has reported 5-yr RFSs with
myeloablative HSCT of 46%, 35%, 27%, and 0% for patients with RA/RARS, RAEB, RAEB-
T, and secondary acute myeloid leukemia, respectively (/07). Dependent on the interval from
diagnosis to transplant, patient age, the source of stem cells, and conditioning regimen used,
nonrelapse mortality (NRM) in the range of 25-65% has been observed (/00).

Efforts to improve outcomes in patients with primary and secondary MDS have focused on
attempts to reduce NRM and relapse. One approach has been to carefully adjust the dose of BU
according to plasma levels in order to minimize the risk of excessive dosing leading to toxicity
and inadequate dosing leading to an increased risk of relapse. Deeg et al. (/08) evaluated 109
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Table 3
IPSS: Parameters, Scores, and Risk Groups

Score value

Prognostic variable 0 0.5 1.0 1.5 2.0
Marrow blasts (%) <5 5-10 — 11-20 21-30
Karyotype” Good Intermediate Poor

Cytopenias 0/1 2/3

“Good =normal, -y, del(5q), del(20q); poor = complex ( 3 abnormalities) or chromosome 7 anomalies;
intermediate = all other abnormalities.

patients with MDS aged 6—66 yr (median: 46 yr) who were treated with tBUCY (BU targeted
to plasma concentrations of 800900 ng/mL plus CY, 2 x 60 mg/kg) and HSCT from related
(n=45) or unrelated donors (n=64). At the time of transplant, 40 patients had less than 5%
myeloblasts in the marrow, and 69 had less advanced disease. NRM at 100 d (3 yr) was 12%
(28%) forrelated and 13% (30%) for unrelated recipients. Kaplan—Meier estimates of 3-yr RFS
were 56% for related and 59% for unrelated recipients. The only factor significant for RFS was
the etiology of MDS (de novo > treatment related). The cumulative incidences of relapse were
16% for related and 11% for unrelated recipients. Factors significantly correlated with relapse
were advanced FAB classification and IPSS score, poor-risk cytogenetics, and treatment-
related etiology. None of the factors examined was statistically significant for NRM. RFS
tended to be superior in patients transplanted with peripheral blood rather than marrow stem
cells. Patient age and donor type had no significant impact on outcome.

6.3. Induction Therapy for Advanced MDS Prior to Transplant

The question arises whether pre-transplant induction (debulking) chemotherapy would im-
prove results in patients with advanced/high-risk disease by reducing the incidence of
posttransplant relapse. Anderson et al. from the Fred Hutchinson Cancer Research Center
(FHCRC) reported a retrospective analysis (/09) of 46 patients (median age: 42 yr) with second-
ary AML (17 therapy related, 29 myelodysplasia related) who had not received remission induc-
tion chemotherapy and underwent allogeneic (n=43) or syngeneic (n=3) HSCT. The 5-yr actuarial
RFS was 24.4%, and the cumulative incidences of NRM and relapse were 44.3% and 31.3%,
respectively. A shorter time from AML diagnosis to transplant was associated with a lower risk
of NRM and improved RFS, whereas a lower peripheral blood blast count was associated with
a lower risk of relapse. Results in these 46 previously untreated patients were compared to 20
patients (median age: 36 yr; 12 therapy related, 8 myelodysplasia related) transplanted with
chemotherapy-sensitive disease after induction chemotherapy (CR1 [n=6], CR2 [n=3], first
untreated relapse [n=11]). The 5-yr actuarial RFS was 15% (3/20), and the cumulative incidences
of NRM and relapse were 60% (12/20) and 25% (5/20), respectively. Difference in outcome
between the two groups of patients were not significant and suggested that induction therapy
before myeloablative HSCT did not provide an advantage for survival in this study.

A different study by Yakoub-Aghaetal. included 70 patients with t-MDS (n=31) or therapy-
related AML (n=39) who underwent myeloablative allogeneic HSCT (710). Thirty-three
patients had received induction chemotherapy before HSCT. At the time of transplantation, 24
patients were in CR and 46 had active disease. With a median follow-up of 7.9 yr (range: 1.1—
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18.8 yr) years after HSCT, 16 patients were alive, 34 died of NRM, 19 died of relapse, and one
died of relapse of the primary disease. Patients in CR at HSCT died less often of relapse (8%)
than did patients not in CR (44 %), whereas the NRM was not significantly different (46% vs
51%). The RFS for patients who achieved a CR after induction therapy prior to HSCT was 45%.
In contrast, the RFS for patients who had active AML or MDS at the time of HSCT was 26%
and 15%, respectively (p=0.052). In multivariate analysis, the absence of CR at HSCT was one
of the factors associated with poor outcome. Thus, this study would suggest that HSCT was
effective treatment for patients with t-MDS or t-AML who had responsive disease and were
in remission at the time of HSCT.
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1. INTRODUCTION AND HISTORICAL PERSPECTIVE

Chronic myelogenous leukemia (CML) is a myeloproliferative disorder characterized by
specific hematologic and cytogenetic abnormalities. It was the first malignant disease to be
linked to a consistent chromosomal abnormality: the Philadelphia (Ph) chromosome, which
was first described in 1960 by Nowell and Hungerford (/-3).

The natural course of CML is very well characterized and usually follows a triphasic process
through chronic, accelerated, and blastic phases (4); the median survival of patients with CML
treated with hydroxyurea is 4-5 yr. Over the last two decades, the goals of treatment for CML
have changed from palliative measures that could result in symptom control to curative thera-
pies aimed at achieving complete disappearance of the disease as measured by cytogenetic and
molecular markers. High-dose chemotherapy followed by allogeneic hematopoietic stem cell
transplantation (HSCT) was the first curative therapy described for CML and remains the
curative treatment with the longest established track record in this disease (5).

Fefer et al. reported the first syngeneic bone marrow transplantations (BMT) for the treat-
mentof CML in 1979 (5). The leukemic clone was successfully eliminated in four patients with
chronic-phase CML who were treated with acombination of cyclophosphamide, dimethylbusulfan,
and 920 cGy of total-body irradiation (TBI) followed by an infusion of syngeneic bone mar-
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row. In this initial series as well as the updated series from the same institution, more than half
of the patients remained alive and free of disease (6). These results demonstrated that perma-
nent eradication of the leukemic clone as defined by the absence of cells containing the Ph
chromosome on standard cytogenetic evaluations was possible and that high-dose
chemoradiotherapy could result in long-term disease control without evidence of disease
transformation.

The results from syngeneic transplants were the basis for the development of allogeneic
BMT from human leukocyte antigen (HLA)-matched siblings for the treatment of chronic-
phase CML. Goldman et al. (7) reported in 1982 the first series of 14 patients undergoing HLA-
identical sibling BMT using high-dose cyclophosphamide (Cy) and TBI (Cy/TBI). Twelve of
those patients survived and had normalization of blood counts and no evidence of Ph-positive
cells in the bone marrow or in the peripheral blood.

The allograft experience demonstrated that complete cytogenetic remission (as defined by
the absence of the Ph+ chromosome using conventional cytogenetic techniques) could be used
as a surrogate marker for long-term disease control and probable cure. The importance of
cytogenetic remissions as a surrogate marker for disease control has also been demonstrated
for nontransplant therapies such as interferon and the novel tyrosine kinase inhibitor imatinib
mesilate (STI-571) (8-13).

2. PATHOGENETIC MECHANISMS OF CHRONIC MYELOGENOUS
LEUKEMIA: IMPLICATIONS FOR PROGENITOR
STEM CELL TRANSPLANTATION

In 1973, Rowley (3) recognized that the Ph chromosome resulted from a balanced translo-
cation between chromosomes 9 and 22 (9;22). The translocation involves a reciprocal transfer
of the Abelson proto-oncogene (c-abl) sequence in the long arm of chromosome 9 to variable
locations in the breakpoint cluster region (ber-1) in the short arm of chromosome 22 (3, 74). The
fusion gene resulting from the translocation (9;22) can direct the synthesis of one of the
following chimeric proteins with tyrosine kinase activity: p210 (bcr-abl) or p190 (bcr-abl)
(15). Irradiated mice treated with a retrovirus encoding the protein p210 sequence will develop
a disease with the characteristics of chronic-phase human CML (/6), providing definite evi-
dence that the ber-abl translocation is essential in the pathogenesis of the disease. Thus, cure
of CML will, by definition, imply elimination of all clonogenic cells containing the Ph chro-
mosome. One of the hallmarks of CML progenitor cells is their genetic instability, which leads
to additional chromosomal abnormalities, which, in turn, will eventually lead to the loss of
normal differentiation and the accumulation of immature forms, characteristic of the trans-
formed phases of the disease (17,18).

Chronic myelogenous leukemia progenitor cells that give rise to the transformed phenotype
of the disease are more resistant to conventional as well as high-dose chemoradiotherapy
regimens and, generally, are also resistant to immune therapeutic maneuvers such as allograft-
ing and interferon (/9-22). This resistance explains why patients with transformed-phase
disease have poorer outcomes and it has been the primary motivation to promote the use of
allografting early in the course of the disease, despite the morbidity and mortality associated
with this therapeutic modality (23—25). Thus, optimal application of curative therapies (i.e.,
allogeneic transplantation) require that these therapies be applied early in the course of the
disease (before disease transformation occurs) and preferably before the emergence of a large
number of resistant clones.
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3. RESULTS OF HEMATOPOIETIC STEM CELL TRANSPLANTATION

3.1. Syngeneic Transplantation

Results of syngeneic transplantation are informative because they provide the clinical evi-
dence that high-dose chemoradiotherapy can eradicate CML, that purging may be beneficial,
and that there is an important graft-vs-leukemia (GVL) effect operating in the allograft setting.
Results fromsingle institution and registry analysis demonstrate that high-dose chemoradiotherapy
with syngeneic transplants can achieve a 59% leukemia-free survival (LFS) at 3 yr in patients
with CML. Nonrelapse mortality rates (NRM) are low (<10%), and the 3-yr relapse rate is
around 40% for patients in the chronic phase (6,26 ). These results confirm the efficacy of dose-
intensive therapy in promoting long-term disease control in CML. Results for patients with
transformed phase are significantly inferior, particularly in the setting of blast crisis, primarily
the result of an increased incidence of relapse posttransplant.

3.2. HLA-Identical Sibling Transplantation

For many years, allogeneic transplantation from an HLA-identical sibling was considered
the only curative treatment option for patients with CML (27). Despite a 30% NRM, the 50—
60% cure rate justified the recommendation of using allogeneic transplantation as front-line
therapy for CML (27-29). The most popular conditioning regimens used have been
chemoradiotherapy (Cy/TBI) and combination chemotherapy with busulfan (BU) and cyclo-
phosphamide ( BU-Cy) (29-35). In 1994, Clift et al. (37) from the Seattle group reported the
results of a randomized trial comparing BU-Cy (16 mg/kg BU over 4 d, followed by 60 mg/
kg/d Cy for 2 d) vs Cy-TBI (60 mg/kg/d Cy for 2 d, followed by six fractions of TBI at 2 Gy/
d) as conditioning regimens prior to allogeneic BMT (alloBMT) from HLA-identical siblings
in patients with chronic-phase CML. Seventy-three patients received BU-Cy and 69 received
Cy/TBI. There were no differences in overall survival (80% in both groups) and relapse rate
(13% in both groups) at 3 yr. The Cy/TBI regimen was clearly more toxic: There were more
cases of acute graft-vs-host disease (GVHD), more fever days, positive blood cultures, more
prolonged hospitalizations, and increases in the creatinine level. The incidence of veno-occlu-
sive liver disease was similar, as was the speed of engraftment.

Those results were updated in 1999 (32) after a median follow-up of 7.7 yr. The Kaplan—
Meier probabilities of survival at 9 yr are 73% for patients treated with the BU-Cy regimen and
65% for the CyTBI regimen (p nonsignificant). The cumulative incidence of relapse was 19%
for the BU-Cy regimen and 22% for the Cy/TBI regimen (p nonsignificant); the event-free
survival (EFS) probabilities were 55% for the BU-Cy group and 48% for the Cy/TBI group,
respectively. In arecent meta-analysis of the largest published randomized trials, the projected
10-yr survival estimates were 65% and 63% with BU-Cy vs Cy/TBI, respectively. The disease-
free survival (DFS) estimates at 10 yr were 52% for the BU-Cy group and 46% for the Cy/TBI
group. The 5-yr incidence of chronic extensive GVHD was not different: 37% in the BU-Cy
group and 39% in the Cy/TBI group (33-35).

In summary, for patients with CML in chronic phase undergoing allogeneic stem cell trans-
plantation (alloSCT) from HLA-identical sibling donors, no optimal regimen has been iden-
tified. Both Cy/TBI and BU-Cy regimens provide similar efficacy and long-term results, but
the BU-Cy regimen is better tolerated and is, at the moment, the most commonly used regimen
for this indication.
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Inthe classic BU-Cy regimen, the busulfan is given orally; because of the large number of pills
that the patients need to take to achieve an appropriate dosage and the significant incidence of
gastrointestinal problems in the allogeneic transplant setting, the absorption of the drug becomes
very unpredictable and, therefore, oral bioavailability can vary as much as sixfold from patient
to patient (36). The interpatient and intrapatient variability in oral busulfan absorption results in
significant disparities in measured busulfan levels among patients. Busulfan plasma levels have
correlated with engraftment, disease control, and toxicity. Slattery et al. (37,38) reported that
patients with CML whose busulfan-steady state plasma concentration was less than 917 ng/mL
had ahigher rejection rate and relapse rate than patients with area under curve (AUC) greater than
917 ng/mL. Likewise levels below 200 ng/mL were associated with high rejection rates and
autologous reconstitution. In the pediatric population, high busulfan plasma concentrations have
been associated with a higher incidence of veno-occlusive disease (39).

To overcome the variability of busulfan dosing, two strategies have been proposed. Phar-
macologic monitoring requires measuring plasma levels of busulfan and adjusting busulfan
administration to obtain a target dose. The Seattle group reported their experience with this
approach and have demonstrated that dose adjustment is feasible and results in more than 70%
of patients achieving long-term remissions (38,40). The second strategy has involved the use
of an intravenous formulation of busulfan. Intravenous busulfan results in more predictable
dosing and better patient tolerability; pharmacokinetic studies have demonstrated that ad-
equate blood levels can be achieved when the drug is given intravenously every 6 h for 16 doses
(41). Long-term results with intravenous busulfan as well as comparative trials of intravenous
busulfan vs pharmacologic monitoring with oral busulfan are not available. For now, both
strategies seem to represent the standard of care for allogeneic transplantation for CML in
chronic phase.

The results of allogeneic transplantation for the treatment of patients with CML in the
accelerated or blastic phase are not as encouraging as those obtained in the chronic phase of
the disease. There is an increased risk of transplant-related complications, increased relapse
rate and decreased survival, ranging from 0% to 25% in patients in blastic phase and from 15%
to 40% in patients in the accelerated phase (27,30,42). It has been suggested that younger age
and cytogenetic abnormalities additional to the Ph+ chromosome as sole manifestations of
accelerated disease are independent factors for better survival in this group (43). More inten-
siveregimens may be beneficial for patients in the accelerated phase but not in the blastic phase (44).

Although many patients with CML undergoing BMT are cured, the consequences and side
effects of allogeneic transplants can still be felt many years afterward. Socié et al. from the Late
Effects Working Committee of the International Bone Marrow Transplant Registry IBMTR)
reviewed 2146 patients with CML that were disease-free 2 yr after transplantation; the relative
mortality rate at 5 yr after BMT was 11.2 and it was 19.1 after 10 yr. The most common causes
for mortality were relapsed disease (n=47) and chronic GVHD (n=36). Thus, although many
patients are cured with transplant, the mortality rate remains higher than that expected for the
general population for many years (45).

3.3. Alternative Donor Transplantation

When an HLA-identical sibling is not available, an alternative donor must be found. These
alternative donors include phenotypically HLA-matched or near-matched family members,
phenotypically matched unrelated volunteers, and phenotypically matched or mismatched
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cord blood stem cells. Up to 10% of patients will be able to find a suitably matched donor within
an extended family search (phenotypic match or one-antigen-mismatched donor). The prob-
ability of identifying a compatible donor within the unrelated donor registries will depend on
the ethnic background of the patient and the degree to which his or her ethnic group is repre-
sented in the different volunteer donor registries that are searched (46).

The comparative outcomes of 974 patients receiving progenitor SCT for CML from differ-
ent donor sources were reported to the IBMTR and published in 1997 (47). Five hundred
twenty-seven patients received a transplant from an HLA-identical sibling donor, 92 had a one-
HLA-antigen-mismatched relative donor, 44 had a two-HLA-antigen-mismatched relative
donor, 251 had an HLA-matched unrelated donor (MUD), and 60 patients had a one-HLA-
antigen-mismatched unrelated donor. Recipients of alternative-donor transplants were, in
general, “sicker” than those that received HLA-identical related transplants; they tended to
have a worse performance status, more advanced disease, and higher white cell count. The
interval time between diagnosis and transplant was shortest for HLA-identical sibling trans-
plants, longer for alternative-related-donor transplants, and longest for unrelated donors. The
conditioning regimen was more intensive for the alternative-donor transplants, who received
more TBI, and other chemotherapies in addition to cyclophosphamide. Thirty-nine percent of
unrelated-donor transplants and 49% of the related HLA-mismatched donors received T-cell-
depleted grafts. Transplant-related mortality (TRM) was greater than 50% in all of the alter-
native-donor groups. The incidence of graft failure, acute and chronic GVHD, and relapse rate
were all significantly higher in the alternative-donor transplants. NRM was similar in MUD
and one-HLA-antigen-mismatched related donors, with risks 1-2.5 times higher than HLA-
identical sibling transplants. NRM rates with two-HLA-antigen-mismatched relative donor
and one-HLA-antigen-mismatched unrelated donor were similar and three times higher than
HLA-identical sibling transplants.

In 1998, the Seattle team reported the outcome of 196 patients with CML who received
unrelated transplants at that institution (48). After a median follow-up of 5 yr, survival was
estimated at 57%, with a relapse rate of 10%. The survival was negatively affected by an interval
from diagnosis to treatment of more than 1 yr, an HLA-DRB1 mismatch, high body-weight
index, and age older than 50 yr. Prophylactic use of antibiotics (ganciclovir and fluconazole) was
associated with an improved survival. Five-year survival was 74% for patients younger than 50
yr who received a transplant from an HLA-matched donor within 1 yr of diagnosis.

Most recently, the National Marrow Donor Program reported the outcome of 916 matched
unrelated donor transplantations for chronic-phase CML facilitated through them (49). Eighty-
six percent of the patients were conditioned with Cy/TBI, and 81% of the transplants were
perfectly matched. Five-year overall survival (OS) was 47% for patients older than 35 yr and
67% for those 20-35 yr old. The overall DFS was 43%. The most recent survival data comes
from the IBMTR (50): One thousand three hundred patients with CML received transplants
from matched unrelated donors between 1991 and 1997. The 3-yr probability of survival was
50% for those transplanted in the first year after the diagnosis (n=403) and 40% for those
transplanted later in their disease (n=897). Results of representative studies for allografts in
CML are summarized in Table 1.

The worse outcome observed in alternative-donor transplant when compared to HLA-
identical sibling donors may be in part related to an underestimation of HLA mismatching by
standard serologic techniques (5/); more sensitive DNA-based techniques were not available
during the last decade. With improved molecular and DNA-based HLA typing techniques, it
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Results of Representative Series of Allogeneic Transplants for CML in Chronic Phase According to Donor Type

Table 1

n donor type Regimen® os* DFS® NRM* RR® Ref.
142/HLA- Cy/TBI (n=69) 65% at 9 yr 48% at 9 yr 25% 22% 33
identical BU-Cy (n=73) 73% at 9 yr 55% at 9 yr 20% 19%
sibling
120/HLA- Cy/TBI (n=55) 66% at 5 yr 51% at 5 yr NR 4% 35
identical BU-Cy (n=65) 61% at 5 yr 59% at 5 yr 4%
sibling
916/MUD Cy/TBI (86%) 47% at 5 yr 43% at 5 yr NR 6% 49
(19% one (>35 yr old)
BU-Cy (14%)
AgMM) 67% at 5 yr (20—
35 yr old)
196/MUD Cy/TBI 57% at 5 yr NR 39% 10% 48

“Abbreviations: OS, overall survival; DFS, disease-free survival; NRM, nonrelapse mortality; RR, relapse rate; Cy, cyclophosphamide; BU, busulfan; TBI, total

body irradiation; MUD, matched unrelated donor; AgMM, antigen mismatch; NR, not reported.
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will be possible to identify better matched donors, which, in turn, will likely improve the
outcome of these transplants in the near future. Furthermore, improved GVHD prophylaxis
and therapy and more aggressive management of bacterial, viral, and fungal infections, includ-
ing the use of prophylactic agents, will also have a positive effect in the outcome of matched
unrelated donor BMT.

3.4. Umbilical Cord Blood Transplantation

Umbilical cord blood transplantation (UCBT) is an alternative source of stem cells for those
patients lacking a suitable donor. Since the first successful transplantation was performed in
1989 (52), this treatment became popular over the last decade. Initial experiences with HLA-
identical and HLA-1-mismatched sibling grafts proved that engraftment was possible in chil-
dren with hematologic and metabolic disorders. The incidence of acute and chronic GVHD was
very low, and the survival after 19 mo was 72% (53). It was later demonstrated that this therapy
was effective even when using HLA-mismatched grafts from unrelated donors (54).

The experience of cord blood transplantation in adults is more limited, and to the present
there are no large series reporting the outcome of this strategy in adult CML patients. The
largesttwo series (55,56 ) reported 90 adult patients with hematologic and congenital metabolic
disorders, including 27 patients with CML. Results in both series were similar, with a high
transplant-related mortality (more than 40%). Most patients developed grade II acute skin
GVHD. Chronic GVHD, mostly limited, developed in about 40% of the surviving patients.
DFS was 53% at 1 yr in one study (55) and 26% at 40 mo in the other (56), and it was not
influenced by the diagnosis (CML vs others).

The current available data indicate that unrelated cord blood transplant may induce durable
engraftment in the majority of the adult patients with hematologic malignancies. Better out-
comes are seen in younger patients who receive the transplant in earlier stages of their disease.
With the limited available data, it is clear that this approach should be reserved for patients in
whom matched unrelated donors are not available. Newer strategies, including graft manipu-
lation (i.e., expansion, multiple cord transplants) and nonmyeloablative conditioning regi-
mens, are under investigation and may contribute to improve the outcome of cord blood
transplantation in the near future.

3.5. Autologous Transplantation

Autologous BMT for CML has been investigated as an alternative strategy for patients
lacking a suitable allogeneic donor. In the last decade, several studies have shown that benign
Ph-negative stem cells may coexist in the bone marrow with the Ph-positive clone, particularly
in the earlier stages of the disease (/7,18,57). Furthermore, treatment with interferon or inten-
sive chemotherapy plus or minus hematopoietic growth factors can induce or reestablish Ph-
negative hematopoiesis (8,9,57).

High-dose chemotherapy with autologous bone marrow or peripheral blood stem cell trans-
plantation has been explored extensively in CML. When performed in patients with advanced
disease, the results are poor, with few, if any, patients achieving long-term disease control,
despite the use of purging, chronic-phase marrow, and posttransplant interferon (58).

Several studies evaluating high-dose chemotherapy followed by autologous bone marrow
or peripheral stem transplantation for patients with chronic-phase CML have been conducted
in Europe and North America (56-67). Outcomes are significantly better in patients with a
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lower percentage of Ph+ cells in the infused product, transplanted earlier in the course of their
disease, and who received posttransplant interferon (66,67). The Genoa Group reported mini-
mal graft failure and zero transplant-related mortality in a small cohort of patients (n=30)
transplanted in the early chronic phase followed by posttransplant immunotherapy with inter-
feron and interleukin-2. The actuarial survival rate after 3.5 yr of follow-up was 87% (60).

Autologous transplant in CML should still be considered an investigational strategy.
Autografting will need to be re-explored in the context of imatinib mesylate-induced remis-
sions. Stem cell collections and transplants with in vivo imatinib-purged marrows have been
performed in a small number of patients with rapid engraftment and good outcomes (S. Giralt,
unpublished data).

3.6. Novel Transplantation Techniques

The results of high-dose chemotherapy and autologous transplant demonstrate that in most
patients the high-dose chemoradiotherapy may not eradicate the malignant clone. The thera-
peutic benefit of allogeneic HSCT in CML is largely related to the immunologically mediated
GVL effect. This observation is best supported by the fact that up to 70% of patients with
relapsed CML after an allogeneic BMT (alloBMT) can achieve cytogenetic and molecular
remission after donor lymphocyte infusions (68—73).

High-dose chemotherapy followed by “standard” allogeneic transplantation carries a sig-
nificant risk of morbidity and mortality depending on disease status, histocompatibility, and
patient’s age and overall medical condition; therefore, allogeneic transplants are generally
reserved for younger patients (less than 50-55 yr old) without comorbid conditions (30-35,74-77).

Because some malignancies, including CML, can be cured by a GVL effect induced by
donor lymphocyte infusion (DLI), alternative therapeutic strategies consisting of a less toxic,
nonmyeloablative conditioning regimen followed by allogeneic transplantation have been
developed. These regimens would potentially decrease the risk of complications, expanding
the indications for alloBMT to older and medically debilitated patients (77—82). Combinations
of purine analogs and alkylating agents, as well as low-dose TBI have been used as nonablative
conditioning regimens by several investigators (79-82).

Chronic myelogenous leukemia would intuitively be the disease in which nonablative trans-
plant should be most effective because of the strong GVL effect that is operative in this entity.
Notwithstanding the experience with nonablative transplantation in this disease, it is still
limited, primarily as a result of the availability of other nontransplant options. Table 2 sum-
marizes the most important series reported to date (83—88).

The following conclusions can be derived from the current experience:

1. Nonablative transplantation is feasible in older patients with CML.

2. Graftfailure is a cause of treatment failure and occurs more commonly in the patients who did
not receive fludarabine.

3. Graft-vs-host disease still occurs, but NRM seems to be lower than that seen after conventional
preparative regimens.

4. Disease-free survival is comparable to younger patients in the chronic phase; however, patients
with advanced disease may have better disease control with reduced intensity conditioning
over true nonablative therapies.

5. The role of imatinib in this setting has not been formally explored and may be important for
outcomes.



Table 2
Results of Nonablative Transplantation for CML

€€

No. of
Age Patients Graft
n (yr) cpi‘ Regimen" failure aGVHD NRM DFS Ref.

10 59 (42-72) 5 FAI 2/10 10% 10% 3/5 CP, 82
0/5 advanced

21 39 (3-57) NS FB 0/17 70% 12% 81% at 1 yr 83

12 56 (40-71) 8 TBI 4/12 50% 16% 8/12 at 1 yr 84

F-TBI

13 34 (15-67) 8 FC 4/13 50% 0% 3/8 CP1, 85
1/5 advanced

45 NS 20 FB (80%) 15/45 48% 28% 33% at 1 yr 86

46 50 (29-62) 23 FM (67%) 7/39 24% 35% 80% CP1, 87

45% advanced

“Abbreviations: CP1, chronic phase 1; FAI fludarabine; Ara-C, idarubicine; FB, fludarabine busulfan; TBI, total-body irradiation; FC, fludarabine
cyclophosphamide; FM, fludarabine melphalan; aGVHD, acute graft-vs-host disease; NRM, nonrelapse mortality; DFS, disease-free survival.
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6. The current indications for nonablative transplantation for the treatment of CML are not clear
and this approach remains investigational; controlled trials comparing this approach vs stan-
dard myeloablative allogeneic transplantation are needed. These regimens can presently be
recommended only for older or infirm patients with relatively stable CML.

7. The optimal posttransplant immunosuppressive therapy is not clear; a variety of regimens,
including tacrolimus, methotrexate, or the combination of cyclosporine and mycophenolate
mofetil have been used.

4. PROGNOSTIC FACTORS FOR TRANSPLANT OUTCOMES IN CML

The most important and well-established prognostic factor for transplant outcome in CML
is the stage of the disease at the time of transplant. Other well-established prognostic factors
include age, histocompatibility, and cytomegalovirus (CMV) status. In contrast to prior busul-
fan therapy, which has been demonstrated to affect transplant outcome in a negative fashion,
pretreatment with interferon does not alter the outcome of patients with CML undergoing
allogeneic transplantation. The IBMTR (89) reported the outcome of 209 patients treated with
interferon-o (with or without concurrent hydroxyurea) for a median duration of 2 mo (range:
1-39 mo) compared to 664 patients who received only hydroxyurea prior to the transplanta-
tion. All patients received transplantations from HLA-identical sibling donors. The incidence
of GVHD, NRM, survival, and DFS were similar and not affected by a short course of inter-
feron prior to alloBMT (89). These results have been confirmed by other groups (90,91). A
summary of prognostic factors is stated in Table 3.

T-Cell depletion has been shown to reduce the incidence of acute and chronic GVHD, but
at the expense of increases in relapse and graft failure, therefore providing no definite benefit
in survival (92-95). T-Cell depletion with pre-emptive donor lymphocyte infusions (DLIs)
using molecular monitoring of ber-abl may compensate for the increase relapse risk seen after
T-cell-depleted allografts without increasing the risk of GVHD (96).

5. TREATMENT OF RELAPSE POSTALLOGENEIC TRANSPLANTATION

5.1. Defining Relapse

Despite significant improvement in the outcome after allogeneic bone marrow transplanta-
tion in the last decade, CML relapse after allografting is an important cause of treatment failure
(97). Defining relapse is important not only to allow for comparisons among different treat-
ment strategies, but also to determine who may need further therapy. Three types of relapses
have been defined in CML (97):

1. Hematologic relapses: recurrence of signs and symptoms of the disease

2. Cytogenetic relapses: recurrence of Philadelphia chromosome-positive-containing cells as
determined by conventional cytogenetic techniques

3. Molecular relapses: as determined by the presence of the ber/abl gene using polymerase chain
reaction (PCR) technology

When clinical and/or hematologic relapse is evident, those patients will invariably progress
to the accelerated and blastic phase if left untreated. Patients relapsing or progressing to
transformed CML after transplant have an extremely poor outcome with a median survival of
less than 2 yr. Patients with cytogenetic relapse may have a spontaneous cytogenetic remission
up to 20% of the times if they had T-cell-repleted grafts, T-cell-depleted transplants will rarely
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Table 3

Prognostic Factors for Outcome After Allogeneic Transplantation for CML

Factor

Favorable

Unfavorable

Comment

Established

Age

Disease status

Histocompatibility

Time To Transplant

Prior interferon therapy

T-Cell depletion

Stem cell source

Younger

Chronic phase

Matched sibling

Less than 2 yr from
diagnosis
None/Yes

None

Peripheral blood

Older

Other

Other

Greater than 2 yr

Yes/none

Yes

Bone marrow

May be ameliorated by tailoring therapy (i.e., T-
cell depletion or reduced intensity conditioning
for older patients).

Advanced-phase disease should be considered
for novel therapies (i.e., imatinib maintenance,
prophylactic DLI, novel regimens, etc.).

Modern typing techniques can identify unrelated
donors who are 10/10 matched by molecular
techniques. Results of transplants from these
donors have been similar to those of fully
matched donors.

Confounded by disease transformation

Confounding results. Most series report no effect
on outcome. Potential reduce risk of relapse
versus increase risk of GVHD.

May change with PCR monitoring and pre-
emptive DLI therapy.

Benefit for peripheral blood may be seen only in
patients with advanced disease and may actually
be deleterious for patients in the chronic phase.
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show transient cytogenetic relapses and will generally have rapid hematologic progression.
Interferon therapy can delay hematologic progression after cytogenetic relapse, but may have
only a minimal effect on long-term survival (98,99).

The significance of having a positive PCR test is controversial and does not always predict
cytogenetic or hematologic relapse, although a single positive PCR test is associated with a
significantrisk of relapse (/00). The detection of ber-abl at 6—12 mo after BMT was associated
with a 42% risk of relapse at a median of 200 d, compared to 3% risk of relapse in the PCR-
negative patients. The detection of ber-abl later in the posttransplant period may have a differ-
ent significance. Two groups have reported a high incidence of bcr-abl positivity of 25% and
56% at a median of 36 mo after BMT (/00,101). The relapse rate was just 8—10%, indicating
that this finding may not confer a high risk for “late” relapse.

In order to assess the risk of relapse in patients who test positive for the ber-abl translocation
by PCR, Radich et al. (/02) evaluated 379 patients who were alive at 18 mo or longer after
alloBMT for CML. Ninety patients (24%) had at least one positive PCR test, and 13 of them
relapsed (14%). Quantification assays were performed on the ber-abl-positive samples. It was
found that the median bcr-abl level at relapse was 40,443 bcr-abl copies per microgram of
RNA. Sixty-nine percent of the bcr-abl-positive patients who did not relapse had only one
positive test at a median of 24 copies of ber-abl per microgram of RNA. This observation may
have a prognostic implication and may prompt an earlier therapeutic intervention.

5.2. Treating Relapse

Treatment of patients that relapse after an alloBMT for CML has changed dramatically over
the last 10 yr. Initially, only a second BMT was the only potential curative intervention,
although few patients achieved durable remissions because of the high rates of morbidity and
mortality (103,104). Interferon therapy was shown to reinduce remissions, in a proportion of
patients who relapsed after allograft; although delays in disease progression were documented
as well as achievement of complete cytogenetic remissions, the impact on survival was mar-
ginal at best (98,99).

Lymphocyte infusion from the original donor (DLI) has become the most effective treat-
ment for patients with CML that relapse after an alloBMT. A direct GVL reaction can be
induced by the administration of these immunocompetent cells, and complete remissions with
acceptable toxicity and without additional therapy can be achieved. The probability of main-
taining a remission after 2-3 yr is between 70% and 90% in patients with chronic-phase relapse
(68-70,105—109). Responses in patients with accelerated- or blastic-phase relapses are signifi-
cantly inferior and less durable. Chronic-phase relapse, time between BMT and DLI shorter
than 2 yr, pre-DLI chronic GVHD, and development of acute or chronic GVHD post-DLI
predict better outcomes for DLI therapy (68-70).

The most common complications of DLI are infections, acute and chronic GVHD, and
pancytopenia (68—70). Up to 60% of the patients will develop acute GVHD, about half of them
grade Il or IV. More than 50% of the patients will also develop extensive chronic GVHD (68—
70). Patients with hematologic relapse tend to develop more myelosuppression than those with
only cytogenetic relapse. Pancytopeniais less likely to occur if the hematopoiesis is still driven
by donor cells; hence, DLI given early in the course of the relapse will likely minimize the
incidence and severity of bone marrow aplasia (/05).

Two strategies have been used to reduce the risk of GVHD after DLI. The M.D. Anderson
group reported on the use of CD8-depleted DLI and demonstrated a low incidence of acute



Chapter 2 / SCT for CML 37

Table 4
Results of Imatinib Mesylate as Treatment for CML Relapse After Allogeneic Transplantation

9% Response

n Stage” CHR/CMR* Toxicity” Ref.

13 CP=6/>CP=7 100/60% WBC, 110
edema

28 CP=5/>CP=23 75/52% GVHD 111

15 NS 80/50% WBC 112

13 >CP=13 60/40% WBC 113

12 CP=5/>CP=12 50/30% LFTs, 114
WBC

17 CP=10/>CP=7 100/70% GI, 115
WBC

“Abbreviations: CP, chronic phase; CHR, complete hematologic response; CMR, complete molecular response;
WBC, white blood cell; GVHD, graft-vs-host disease; LFT, liver function tests; GI, gastrointestinal.

GVHD (10%) with a high durable response rate (80%) in patients with chronic-phase CML
relapsing after an allograft (/06). These results have been confirmed by Alyea et al. and
expanded to other diseases such as myeloma (/07). Dose-escalated DLI has also been effective
in reducing the risk of GVHD without affecting the efficacy of DLIs for the treatment of CML
relapsing after an allograft. Dazzi et al. (/08) compared, in a nonrandomized fashion, the
administration of DLI as a single-dose (1.0 x 103 cells/kg) vs a sequential, escalating dose
regimen (starting at 1x 107). Patients in the escalating group received a total dose of 1.9x 103
lymphocytes/kg. The probability of achieving a cytogenetic remission was not different be-
tween the two groups, but the incidence of GVHD was much lower in the second group (10%
vs 44%, respectively; p=0.011). These findings suggest that administering the same doses of
lymphocytes over several infusions may decrease the incidence of GVHD.

Imatinib mesylate has also been used in patients relapsing after an allograft, including those
who have failed to respond to donor lymphocyte infusions (//0—115). The reported experience
to date is summarized in Table 4. These results show that imatinib can be an effective treatment
for patients with CML relapsing after an allogeneic transplantation. However, long-term fol-
low-up is unavailable, and the experience is still limited; thus, imatinib therapy should not
replace DLIs in this setting unless it is in the context of a clinical trial or in the event that donor
lymphocytes are not available.

6. ROLE OF HIGH-DOSE CHEMOTHERAPY AND ALLOGENEIC
HSCT IN THE IMATINIB ERA

Based on the best available data, the American Society of Hematology published in 1999
the following recommendations for the treatment of CML with high-dose chemotherapy and
allogeneic HSCT (24):

1. Bone marrow transplantation should preferably be offered to patients within the first 2 yr after
the diagnosis.
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2. Early BMT over a trial of interferon should be offered to those patients with high-risk disease.

3. Younger patients are most likely to benefit from the treatment and there is virtually no expe-
rience in patients older than 65 yr; however, an upper age limit for BMT has not been fully
defined and varies from center to center.

4. Bone marrow transplantation is most successful if the donor is an HLA-matched sibling (ac-
cording to observational studies); results at most centers are inferior when a matched unrelated
donor is used.

5. Patients who received busulfan therapy prior to BMT may do worse; there is no evidence of
benefit in receiving prior hydroxyurea therapy, and the prior use of interferon does not seem
to alter the outcome in related transplants. However, in at least one study, there appears to be
deleterious result in transplants from matched unrelated donors.

These recommendations will probably change with our current therapeutic options for
CML. The first change that has occurred is that allogeneic transplantation is not seen by many
patients or investigators as the only curative option for CML. This view has been successfully
challenged by the long-term results of patients who achieved a complete cytogenetic remission
with interferon therapy. Results from the European Registry (//6) demonstrated that for CML
patients who achieved a complete remission to interferon, the OS at 5 yr was 86% and, more
importantly, the progression-free survival was 58%. These results underscore the fact that
long-term disease control can be achieved without allografting as long as complete cytogenetic
remissions are obtained. Moreover, although some of these patients may be PCR negative, the
relevance of PCR negativity in this setting is unknown, and changes in quantitative levels of
disease as measured by PCR will probably be more relevant in predicting outcomes.

With the current age limitation of transplantation and the relatively low complete remission
rate to interferon-based therapy, the development of the tyrosine kinase inhibitor imatinib
mesylate has become the single most important therapeutic advance in CML. This agent has
demonstrated an outstanding efficacy and safety profile. For patients with chronic-phase CML,
the major and complete cytogenetic remission rates are 60% and 40%, respectively (10—13).
The median duration of remission in these patients has not been reached, and although follow-
up is short, based on the experience with interferon-resistant and interferon-intolerant patients,
recurrence is notauniversal phenomenon. The response rate in patients with accelerated-phase
and blast crisis are significantly lower and the duration of remission is shorter, with few, if any,
patients achieving long-term disease control. As with interferon, the risk of fatal and serious
life-threatening toxicities is extremely small.

The development of imatinib has obligated the CML community to rethink the standard
approach for newly diagnosed patients. Prior to imatinib, the standard algorithm for patients
with CML would include early transplantation for young patients with an HLA-identical
sibling donor; the threshold for young was defined by each institution according to local
results. Patients who were considered at higher risk for transplant complications either because
of age or comorbidities or patients without an HLA-compatible donor would get a therapeutic
trial of interferon. In the event of achieving major or complete cytogenetic remissions, trans-
plantation would be deferred until signs of disease progression were evident; in the event of
failure to respond to interferon, patients could undergo allografts if deemed eligible and if an
alternative donor was available.

Despite the body of evidence supporting the early use of alloSCT for the treatment of CML,
the current results with imatinib make it difficult not to recommend a therapeutic trial of
imatinib for all patients—first to achieve hematologic remissions and then cytogenetic re-
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Diagnosis of CML
(risk factor assessment)

Young patient (<35 years) Middle age patients or young patients
Chronic phase CML with accelerated or blastic phase

HLA-identical donor Clinical trial of

(sibling or unrelated) STI-571 (alone

or combination)

Yes No

AlloBMT Clinical trial of BMT if no response
STI-571 (alone after 6-12 months
or combination)

Older patients
Comorbid conditions

Interferon, STI-571 Non-myeloablative BMT
(or combinations) (on clinical trial only)
vs. autografting

Fig. 1. Propsed algorithm for the teatment o patients with newly diagnosed CML.
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sponses. This response would identify those patients in whom an early allograft would be
considered appropriate (i.e., failure to achieve cytogenetic response within 6—12 mo of imatinib
therapy) versus those in whom a more conservative strategy of continued imatinib therapy
would be warranted. Notwithstanding, very young patients (i.e., less than 30 yr of age) could
be considered for up-front transplantation if a donor is available because the morbidity and
mortality of allografts in this patient population is relatively low and continues to improve.
Thus, we and others have proposed the algorithm that is summarized in Fig. 1.

Imatinib will positively impact the field of transplantation in other ways beyond reducing
the number of patients who will eventually need allografts for control of their disease. These
include the following:

1. Imatinib therapy for relapse prevention postallograft in the high-risk setting (i.e., T-cell deple-
tion or allografts in advanced-phase disease)

2. Imatinib purging (in vivo and in vitro) for collection of Ph-negative autologous stem cells

3. Imatinib maintenance after autografting

In conclusion, the field of transplantation for CML has undergone profound evolution, from
the use of PCR monitoring for minimal residual disease to the risk stratification of patients
according to their response to imatinib therapy. These advances will hopefully allow for the
achievement of complete cytogenetic and molecular remission for most patients with CML and
improve the natural history for all patients with this disease.
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The role of high-dose therapy (HDT) and stem cell transplantation (SCT) in the treatment
non-Hodgkin’s lymphoma (NHL) and Hodgkin’s disease (HD) continues to evolve. There is
considerably more experience with autologous SCT (autoSCT) than allogeneic SCT (alloSCT).
AutoSCT has an established role in relapsed/refractory intermediate-grade NHL and relapsed/
refractory HD. Uncertainty still exists about the benefit of autoSCT as front-line therapy for
high-risk NHL and HD and in indolent NHL. AlloSCT does not have a well-established role
in NHL or HD, whereas reduced intensity alloSCT is under active investigation. Many ques-
tions remain to be answered regarding the optimal timing of SCT, ideal preparative regimen,
best source of stem cells, role of stem-cell-purging procedures, and importance of pre-SCT
cytoreduction.

1. AUTOLOGOUS STEM CELL TRANSPLANTATION

1.1. Hodgkin’s Disease

Hodgkin’s disease afflicts roughly 8000 people each year in the United States. Current
conventional chemotherapy and radiotherapy regimens cure 70-80% of patients with early-
stage disease and 60—70% of patients with advanced disease. Currently, the use of HDT and
autoSCT is widely accepted in relapsed and refractory HD. The role of HDT and autoSCT in
the primary treatment of high-risk patients is less defined.

From: Stem Cell Transplantation for Hematologic Malignancies
Edited by: R. J. Soiffer © Humana Press Inc., Totowa, NJ

47



48 Kenney and Sweetenham

1.1.1. RELAPSED DISEASE

Up to 30-40% of HD patients will relapse after first-line treatment. The likelihood of long-
term survival is generally low with standard salvage chemotherapy. In an extended follow-up
of HD patients treated at the National Cancer Institute, the estimated 20-yr overall survival
(OS) for patients who relapsed after mechlorethamine, vincristine, procarbazine, and pred-
nisone (MOPP) chemotherapy was only 17% (/). The single strongest predictor of outcome
in this series was initial remission duration. Long-term survival was 24% for those with an
initial remission longer than 1 yr and 11% for those with an initial remission less than 1 yr.
Despite an estimated 20-yr disease-free survival (DFS) of 45%, OS was compromised by
secondary leukemia and other treatment-related complications. Similar results were reported
by the Milan group (2). In their series, the 8-yr OS for relapsed HD patients treated with salvage
chemotherapy was 54%, 28 %, and 8% for patients with relapse after 1 yr, within 1 yr, and with
induction failure, respectively.

The poor results with standard salvage chemotherapy have led to the investigation of HDT
and autoSCT for relapsed HD. Modern supportive care and growing experience with HDT
have made HDT and autoSCT a more attractive option in recent years. The transplant-related
mortality (TRM) is now under 5% at experienced centers (3,4). Multiple studies have been
reported (3—317) , including four large publications from transplant registries (/3-15,23) that
demonstrate a DFS of around 50% in relapsed HD treated with HDT and autoSCT (see Table
1). The patient populations in these studies were diverse regarding disease status at transplant,
time to relapse, and degree of previous treatment. The results seen in the SCT studies compare
favorably with those previously reported for standard salvage chemotherapy in relapsed HD
(1,2). A recent study from Stanford University specifically compared outcomes of 60 relapsed
or refractory HD patients who received HDT and autoSCT with 103 historically matched
controls who had received conventional salvage therapy (5). Freedom from progression (FFP)
at4 yr was significantly improved in the SCT group (62% vs 32%; p< 0.01) while OS was not
significantly different (54% vs 47%, p= 0.25).

The excellentresults with HDT and autoSCT in HD have made it difficult to accrue adequate
numbers of patients for randomized trials comparing SCT to standard salvage chemotherapy.
Two randomized trials have been completed, however. In the larger of the two trials, 161
patients with relapsed HD were randomized between two cycles of Dexa-BEAM (dexametha-
sone, carmustine (BCNU) etoposide, cytaribine, melphalan) followed either by two further
cycles of Dexa-BEAM or HDT and autoSCT. Patients continued on the protocol only if they had
chemosensitive disease (i.e., achieved a partial remission [PR] or complete remission [CR]
with the initial two cycles of Dexa-BEAM). Freedom from treatment failure at 3 yr for the
chemosensitive patients was significantly improved in the SCT arm (55% vs 34%; p=0.019)
(see Fig. 1), whereas OS did not differ significantly between treatment arms (71% vs 65%; p=
0.331) (21). A smaller trial of 40 patients by Linch et al. also demonstrated improved 3-yr
event-free survival (EFS) without improved OS for the SCT group (22). The lack of OS
advantage in these trials may be related in part to successful salvage with SCT in the standard
chemotherapy arms.

It is conceivable that certain groups of “high-risk” relapsed HD patients may benefit the
most from SCT. The definition of a “high-risk” patient varies among studies, and there is no
accepted set of prognostic factors that are used to stratify relapsed HD patients. Some prognos-
tic factors thathave beenidentified include B symptoms atrelapse (5, 16,20), chemoresponsiveness
at time of relapse (5,9,10,15,20,23,24), performance status (3,7,15,29), disease status at the
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Table 1
HDT and AutoSCT for Relapsed/Refractory Hodgkin’s Disease

Author n Preparative regimen TRM PFS“ oS Years follow-up
Horning et al. (4) 119 TBI or CCNU or BCNU + 5% 48% (EES) 52% 4
VP-16/Cy

Nademanee et al. (12) 85 TBI or BNCU +VP16/Cy 13% 58% (DFS) 75% 2

Reece et al. (7) 56 CBV 21% 47% (EES) 53% 5

Chopra et al. (9) 155 BCNU/VP-16/AraC/Melph 10% 50% 55% 5

Bierman et al. (3) 128 CBV 4% 25% 77% 4

Wheeler et al. (24) 102 CBV 12% 42% 65% 3

Arranz et al. (28) 47 CBV 9% 34% 52% 7

Sureda et al. (14) 494 CBV, BEAM, BEAC 9% 45% (TTF) 55% 5
(Registry) TBI-containing (10%)

Lazarus et al. (15) 414 CBYV, other 7% NR 63% 3
(Registry)

Sweetenham et al. (13) 139 BEAM, CBYV, other 7% 45% 49% 5
(Registry)

Brice et al. (23) 280 BEAM, BEAC/CBYV, other 6% 60% 66% 3
(Registry)

“Abbreviations: TRM, treatment-related mortality, PFS, progression-free survival; OS, overall survival; TBI, total body irradiation; VP16/Cy, VP16/
cyclophosphamide; CBV, cyclophosphamide, BCNU, VP16; Melph, Melphalan; BEAM, BCNU, VP16, Ara-C, Melphalan; BEAC, BCNU, VP16, Ara-
C, cyclophosphamide. EFS, event-free survival; DFS, disease-free survival; TTF, time to treatment failure.
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Fig. 1. Freedom from treatment failure for patients with relapsed chemosensitive Hodgkin’s disease.
(From ref. 21.)

time of transplant (4,23,26,28,30), remission duration (/6,26,31), tumor bulk at relapse
(9,11,19,26,30), and extranodal relapse (4,12,16,23,24,26). Disease status at the time of trans-
plant has been the most consistently identified factor across multiple studies, whereas remis-
sion duration has been the most controversial. Reece et al. reported a study of relapsed HD
patients treated with SCT in which progression-free survival (PFS) was superior in patients
with a remission duration of more than12 mo vs less than 12 mo (85% vs 48%) (26). Con-
versely, other studies have shown no difference in PFS or OS in relapsed HD patients (5,27).

Several groups have published prognostic indices for relapsed and refractory HD patients
undergoing SCT (4,24,25,31). In a series from Stanford University, disseminated disease, B
symptoms, and greater than minimal disease at the time of SCT were identified as “high-risk”
factors (4). Patients with no, one, two, or three risk factors had a 3-yr FFP of 85%, 57%, 41%,
and <20%, respectively (see Fig. 2). In another series, more than one extranodal site of relapse,
poor performance status, and progressive disease at the time of HDT correlated with outcome
(24). Patients with no, one, two, or more factors had a 3-yr OS of 82%, 56%, and 19%,
respectively, after HDT and autoSCT.

Based on the available data, HDT and autoSCT is indicated for most relapsed HD patients.
Patients with chemorefractory disease at relapse or who are not in CR at the time of SCT will
do worse but still should receive HDT and autoSCT. Some patients in late relapse may do as
well with conventional salvage chemotherapy, but this remains controversial.

1.1.2. PRIMARY REFRACTORY DISEASE

Primary refractory patients are those who do not achieve a CR or progress during primary
combination chemotherapy. These patients do poorly with conventional salvage chemotherapy
(1,2). Multiple investigators have reported on HDT and autoSCT in patients with primary
refractory disease (9,20,28,32-36). Most series report a DFS of 30-40% with HDT and
autoSCT in early follow-up (see Table 2). The exact definition of primary refractory disease
has become clouded by increasingly sensitive imaging technology and was not uniform
among series.

No randomized studies have been reported comparing HDT and autoSCT with standard
salvage chemotherapy for primary refractory disease. However, several investigators have
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Fig. 2. Freedom from progression in 119 patients with recurrent or refractory Hodgkin’s disease treated
with high-dose therapy and autografting according to number of prognostic factors.

compared SCT data to matched controls that received conventional chemotherapy. André et
al. reported a trend toward improved OS with HDT and autoSCT compared to matched controls
(32). In aretrospective analysis of 67 HD patients with primary progressive disease by Josting
etal., the 25 patients undergoing HDT and SCT had significantly improved 5-yr OS compared
to those receiving conventional chemotherapy (53% vs 0%) (36). These data are confounded
by the fact that the healthiest patients were likely selected for SCT. Despite the lack of random-
ized data, autoSCT appears to be the best option for patients with primary refractory disease.

1.1.3. HDT anDp AuToSCT AS PRIMARY THERAPY

Aggressive combination chemotherapy =+ radiation therapy cures 60-70% of patients with
advanced HD (37). Groups from Stanford and Germany have obtained even more impressive
early results in single-arm studies using high-intensity regimens (38,39).Whether these newer
regimens are superior to doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) awaits
results of ongoing clinical trials. The success of conventional combination chemotherapy in
curing HD and the favorable salvage rates has precluded as much interestin HDT and autoSCT
as primary therapy.

Despite the excellent results seen with first-line conventional chemotherapy, there are some
patients at high risk for relapse (40,4 1) who might benefit from more intensive treatment such
as HDT and autoSCT. Recently, the International Prognostic Factors Project on Advanced
Hodgkin’s Disease identified a widely accepted set of prognostic factors has that included
serum albumin less than 4g/dL, hemoglobin less than 10.5 g/dL, male sex, stage IV disease,
age 45 years or older, white cell count greater than or equal to 15,000/mm?, and lymphocyte
count less than 600/mm? or less than 8% of the white-cell count (42). Risk of relapse increased
predictably with increasing numbers of factors, and patients with four or more risk factors had
only a 42% 5-yr FFP. The consistent incorporation of these factors into the study design may
ultimately help to identify patients who would benefit from first-line HDT and autoSCT.

Several groups have published series of up-front HDT and autoSCT for high-risk HD patients
with DFS and OS rates of 80-100% and improved outcome relative to historical controls in
some cases (43—48). Three randomized studies have now also been published or reported in
abstract form that compared HDT and autoSCT to either standard front-line chemotherapy or
high-intensity front-line chemotherapy (49-517). Proctor et al. identified 178 “poor-risk” pa-
tients based on their own Scotland and Newcastle Lymphoma Group (SNLG) index (41), of
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Table 2
HDT and AutoSCT for Primary Refractory HD
Author n Preparative regimen PFS oS Years follow-up
Sweetenham et al. (33) 175 BEAM, CBYV, other 32% 36% 5
(Registry)
Lazarus et al. (35) 122 CBYV and other 38% 50% 3
(Registry)
André et al. (32) 86 BEAM, CBV 25% (EFS)  35% 5
Reece et al. (34) 30 CBV =P 42% (EFS)  60% 5
Arranz et al. (28) 47 CBV 34% (DFS)  52% 7

Note. See Table 1 for definitions.

whom 126 were entered into their study (49). One hundred twenty patients were treated with
three cycles of an intensive chemotherapy regimen, prednisolone, vinblastine, doxorubicin,
chlorambucil, etoposide, bleomycin, vincristine, and procarbazine (PVACE-BOP). Of these
patients, 93% responded. Only 65 of 107 patients accepted randomization between HDT and
autoSCT and two further cycles of PVACE-BOP. The 5-yr time to treatment failure was similar
in the SCT and chemotherapy groups (79% vs 85%; p= 0.35). Federico et al. reported initial
results on a study that enrolled HD patients with two or more of the following risk factors: high
serum LDH levels, large mediastinal mass, more than one extranodal involved site, low hema-
tocrit, or inguinal involvement. One hundred sixty HD patients were randomized to four cycles
of ABVD followed by either HDT and autoSCT or four more cycles of ABVD. Patients were
required to have a CR or PR after the first four cycles of ABVD in order to continue with the
study. The 5-yr FFS in the SCT and chemotherapy arms were not significantly different (85%
vs 83%; p=0.61) and OS was similar. The GOELAMS group also recently presented an abstract
that showed no difference in OS or FFP in high-risk HD patients with a median follow-up of
42 mo randomized to intensive chemotherapy or HDT and autoSCT (517).

No trial reported to date has shown superior outcome for HDT and autoSCT as part of front-
line therapy for newly diagnosed high-risk HD patients. Additionally, most studies were
started before the introduction of the International Prognostic Factor scoring system, making
the comparison of patient populations among studies difficult. HDT and autoSCT remains
experimental for first-line therapy of HD.

1.1.4. RoLE oF INVOLVED-FIELD RADIOTHERAPY

Hodgkin’s disease relapses after SCT often occur at previous sites of disease. Involved-field
radiotherapy (IFRT) has been incorporated into HDT regimens both before and after SCT with
the goal of decreasing the rate of relapse at previous sites of disease and improving survival.
Although IFRT clearly decreases local relapse rates and may improve PES, it is has not been
shown to improve survival (52-55). Poen et al. retrospectively reported on 100 relapsed and
refractory HD undergoing HDT and autoSCT, of whom 24 received IFRT. Improved PFS was
seen only in stage I-III patients getting IFRT (52). Mundt et al. reviewed 54 HD patients who
underwent HDT and autoSCT, of whom 20 received IFRT (53). IFRT significantly reduced the
rate of relapse at previous sites of disease and improved PFS in patients with persistent disease
after SCT. Patient selection based on lack of prior radiotherapy or the presence of bulk disease
make these studies difficult to interpret. In addition, IFRT along with SCT may increase the
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risk of pulmonary toxicity and secondary malignancy (56-58). Although IFRT may have some
benefit, its role in HDT and autoSCT for HD is still not well defined.

1.1.5. HicH-DOSE PREPARATIVE REGIMENS IN HD

The most common preparative regimens used with SCT in HD are cyclophosphamide,
BCNU, and VP-16 (CBV) and BCNU, VP-16, cytaribine, and melphalan (BEAM). Total-body
irradiation (TBI) has also been incorporated; however, its use is limited by the fact that many
patients have already received radiotherapy as part of their initial HD treatment. No random-
ized trials exist that compare preparative regimens. Historical comparisons have shown some
difference in toxicity but no difference in outcome among different preparative regimens
(12,59-61). Randomized trials are required to determine if one preparative regimen is truly
superior to others regarding efficacy and long-term toxicity.

1.2. Non-Hodgkin’s Lymphoma
1.2.1. D1rrusE LARGE B-CELL LymMpPHOMA

Diffuse large B-cell lymphoma (DLBCL) is the most common aggressive NHL (62). With
conventional combination chemotherapy, patients with DLBCL can expect a 40-50% chance
of long-term survival (63). The remaining patients relapse or have primary refractory disease.
The outlook for this group of patients is generally poor with conventional chemotherapy. The
most widely accepted set of prognostic factors for predicting the outcome in DLBCL patients
treated with primary doxorubicin-containing regimens is the International Prognostic Index
(IPT) (64). Risk factors identified included age greater than 60 yr, elevated lactate dehydroge-
nase (LDH) level, poor performance status, Ann Arbor stage III/IV, and more than one site of
extranodal disease. Patients were divided into low risk (no to one risk factors), low-interme-
diate risk (two risk factors), high-intermediate risk (three risk factors), and high risk (four to
five risk factors). An age-adjusted IPI was applied to patients under the age of 60.

1.2.1.1. RELAPSED OR REFRACTORY DISEASE

The poor outcomes seen with conventional salvage chemotherapy regimens have led to the
investigation of HDT and autoSCT. The largest randomized study of HDT and autoSCT in
relapsed or refractory intermediate- and high-grade NHL (most with DLBCL) was reported by
the Parma group in 1995 (65). In this study, 109 relapsed patients with a response to two cycles
of salvage dexamethasone, cytaribine, and cisplatin (DHAP) were randomized to four further
cycles of DHAP or high-dose carmustine, etoposide, cytaribine, and cyclophosphamide
(BEAC) and autoSCT. The trial excluded patients with bone marrow or central nervous system
(CNS) involvement and those over the age of 60 yr. The 5-yr EFS (46% vs 12%, p=0.0001)
and OS (53% vs 32%, p=0.038) were both significantly improved in the SCT arm (see Fig. 3).
Based primarily on these results, HDT and autoSCT is the treatment of choice for patients with
chemotherapy-sensitive relapsed DLBCL.

Several factors predict the outcome in relapsed DLBCL patients undergoing HDT and
autoSCT. The most important of these is chemosensitivity. In a series by Philip et al. of 100
patients with relapsed or refractory aggressive NHL undergoing HDT and autoSCT, patients
with chemotherapy-sensitive disease at relapse had a DFS of 36% in contrast to 14% in those
with chemotherapy-resistant disease (66). Patients who failed to achieve a CR with primary
chemotherapy had no long-term DFS. Other predictors of poor outcome after HDT and autoSCT
include a short relapse-free interval after primary therapy (<12 mo), bulky disease, and higher
age-adjusted IPI score (67-69). The 5-yr OS for patients in the PARMA study with low-risk,
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Fig. 3. Overall survival after high-dose therapy and autologous stem cell transplantation vs conventional
therapy in patients with relapsed aggressive non-Hodgkin’s lymphoma.

low-intermediate-risk, high-intermediate-risk, and high-risk IPI score were 83%, 69%, 46%,
and 32%, respectively (69). Notably, SCT patients in the PARMA study still had a better
outcome relative to DHAP patients regardless of IPI score or time to relapse (68,69).

1.2.1.2. PRIMARY THERAPY

The 50-60% relapse rate seen with first-line combination chemotherapy has led investiga-
tors to examine the role of HDT and autoSCT as initial treatment in high-risk DLBCL patients.
Multiple trials of HDT and autoSCT as front-line therapy have been reported using variable
inclusion criteria and chemotherapy regimens (see Table 3) (70-77). Most trials published to
date did not prospectively stratify patients by their IPI score, although some have looked
retrospectively at IPI subgroups.

The LNH-87 trial recruited 916 high-risk patients under the age of 55 for induction chemo-
therapy (70). High-risk patients were defined as those with at least one of the following factors:
Eastern Cooperative Oncology Group (ECOG) performance status of 2—4, two or more
extranodal sites, tumor burden of at least 10 cm in largest dimension, bone marrow or CNS
involvement, and Burkitt or lymphoblastic subtypes. The 464 patients who achieved CR were
randomized to consolidative sequential chemotherapy or HDT and autoSCT. Preliminary
results showed a 3-yr DFS of 52% and OS of 71% in the sequential chemotherapy arm vs 59%
and 69%, respectively, in the SCT arm. These differences were not statistically significant. The
same group recently published a retrospective analysis based the IPI score (7/). For high- and
high-intermediate risk patients, the 8-yr DFS and OS for the SCT arm was 55% and 64% vs
39% and 49%, respectively, for the sequential chemotherapy arm. In this case, the results were
statistically significant. The Italian NHL Cooperative Study Group published a randomized
trial of etoposide, doxorubicin, cyclophosphamide, vincristine, and bleomycin (VACOP-B)
with DHAP for salvage versus VACOP-B followed by HDT and autoSCT (72). In this study
of 124 patients under the age of 60 with intermediate-grade NHL, there was no significant
difference in 6-yr DFS or OS. In the SCT arm, 29% of patients did not actually undergo SCT.
A retrospective analysis of high-risk and high-intermediate-risk patients by the IPI demon-
strated a significant improvement in DFS in the SCT arm over the chemotherapy arm (87% vs
48%, p=0.008).
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Table 3

HDT and AutoSCT as Initial Treatment of DLBCL

DFS oS
Author n Randomization chemo/SCT chemo/SCT Years follow-up
Haioun et al. (70) 464 Sequential chemo vs HDT and auto- 52% / 59% 71%/69% 3
SCT in those who had CR with (p=0.46) (p=0.60)
induction chemo
Santini et al.(72) 124 VACOP-B alone with DHAP salvage 60%/80% 65%165% 6
as needed vs VACOP-B followed (p=0.1) (p=0.5)
by HDT and auto-SCT
Kluin-Nelemans 194 CHVmP/BV (same as induction) vs 56%/61% 77%168% 5
etal. (73) HDT and auto-SCT in patients who (»=0.712) (p=0.336)
achieved PR/CR with induction (TTP)
chemo
Gianni et al. (75) 98 MACOP-B vs high-dose sequential 49%/176% 55%181% 7
chemo followed by HDT nd auto- (p=0.004) (p=0.09)
SCT (EES)
Gisselbrecht 370 ACVBP followed by sequential 76%/158% 60%/46% 5
etal. (76) consolidation chemo vs shortened (p=0.004) (p=0.007)

escalating-dose chemo followd
by HDT and auto-SCT
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The European Organization for Research and Treatment of Cancer (EORTC) recently pub-
lished a trial of 194 patients with aggressive NHL under the age of 65 that randomized patients
achieving a CR or PR with three cycles of combination chemotherapy to either HDT and
autoSCT or further chemotherapy (73). The 5-yr OS among the 194 randomized patients was
68% for the SCT arm and 77% for the chemotherapy arm and was not statistically significant.
Notably, 70% of the patients in this study were low or low-intermediate risk by the IPI. A subset
analysis based on IPI groups also did not show any difference among treatment arms. Gianni
et al. randomized 98 patients with poor-risk features (defined as stage I/II with a mass greater
than10cm or stage III/IV) to methotrexate, leucovorin, doxorubicin, cyclophosphamide, vin-
cristine, bleomycin, and prednisone (MACOP-B) vs high-dose sequential chemotherapy fol-
lowed by HDT and autoSCT (75). Most of the patients in this trial were high or high-intermediate
risk by the IPI. The 7-yr FFP in the SCT arm was significantly improved over the chemotherapy
arm (84% vs 49%, p< 0.001). A trend toward improved OS for the SCT arm was also seen.

The LNH93-3 trial was conducted with 370 NHL patients under 60 yr old who were either
high or intermediate-high risk by the age-adjusted IPI (76). Patients were randomized to
doxorubicin, cyclophosphamide, vindesine, bleomycin, and prednisone (ACVBP) or a short-
ened standard-dose regimen followed by HDT and autoSCT. The 5-yr OS and EFS for the
ACVBP and SCT arms were 60% vs 46% (p= 0.007) and 52% vs 39% (p= 0.01) in contrast
to results from previous studies of SCT in DLBCL. Vitolo et al. have reported preliminary
results in a study of 131 DLBCL patients under age 60 with high-intermediate or high risk by
age-adjusted IPI or bone marrow involvement (77). Patients were randomized to conventional
chemotherapy followed by HDT and autoSCT or to dose-intensive conventional chemotherapy.
With a median follow-up of 36 mo, no differences were noted in OS or DFS between groups.

Thus, the benefit of HDT and autoSCT in patients with high-risk DLBCL remains contro-
versial. Trials to date have suffered in particular from variable definitions of what constitutes
a high-risk patient and from the use of nonstandard chemotherapy in control arms. Ongoing
randomized trials may identify a subset of patients that will benefit from HDT and autoSCT.

1.2.1.3. SLow RESPONDERS

The issue of whether HDT and autoSCT is beneficial for patients with a slow response to
chemotherapy has been addressed in several trials (78—80). A retrospective analysis by Vose
et al. examined the outcome of 184 Autologous Blood and Bone Marrow Transplant Registry
(ABMT) patients with diffuse aggressive lymphoma who failed to achieve a CR with front-line
chemotherapy and went on to HDT and autoSCT (78). The 5-yr PFS and OS were 31% and
37%,respectively, for the group. Poor performance status, chemotherapy resistance, age greater
than 55 yr, multiple chemotherapy regimens, and lack of pretransplant or posttransplant in-
volved-field radiation correlated with poor outcome in multivariate analysis. Verdonck et al.
reported a randomized study of slowly responding NHL patients in 1995 (79). In this study,
69 of 106 previously untreated intermediate- or high-grade NHL patients who achieved a slow
response (defined as 25-90% decrease in total tumor volume) after three cycles of cyclophos-
phamide, doxorubicin, vincristine, and prednisone (CHOP) were randomized to five further
cycles of CHOP or HDT and autoSCT. No difference in 4-yr OS or DFS was observed between
the two groups and the 4-yr DFS in both groups was comparable to that of the fast-responding
patients. In another study by Martelli et al., patients achieving only a PR (defined as 50-80%
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reduction in total tumor volume) two-thirds of the way through front-line chemotherapy were
randomized to DHAP or HDT and autoSCT (80). Again, there was no statistically significant
difference in OS or PFS between treatment arms. Despite the fact that the Verdonck and
Martelli trials suffered from small patient numbers, no data to date support the use of HDT and
autoSCT in slowly responding DLBCL patients.

1.2.2. FoLLICULAR LYMPHOMA

A portion of patients with early-stage follicular lymphoma (FL) can achieve long-term
survival with local radiation therapy (8/). However, the majority of patients with follicular
NHL have disseminated disease at diagnosis. This group has a median survival of 8-10 yr, a
number that has not changed with the introduction of multiagent chemotherapy (82). HDT and
autoSCT has recently been applied to this disease with hopes of improving long-term OS and
DFS. Conversely, there has also been reluctance to use aggressive and potentially toxic therapy
like HDT and autoSCT in FL based on the long natural history of the disease. In addition, the
high incidence of bone marrow involvement complicates the transplant process. Studies have
been published on HDT and autoSCT for relapsing/refractory patients and for those in first
remission. These series differed in the use of purging, disease status at transplant, and degree
of inclusion of other histologies.

1.2.2.1. RELAPSED AND REFRACTORY DISEASE

Patients with relapsed and refractory disease can still respond to chemotherapy after mul-
tiple relapses. However, response rates are lower and remission duration shorter with each
subsequent cycle of chemotherapy (83). The continuing chemoresponsiveness of FL. makes
HDT and autoSCT an attractive strategy for prolonging remission and ideally survival.

Several centers have published series of HDT and autoSCT inrelapsed/refractory FL patients
containing heterogeneous patient populations (see Table 4) (84-95). In a series from the Dana
Farber Cancer Institute, 153 relapsed/refractory patients received HDT and anti-B-cell mono-
clonal antibody (MAb)-purged autoSCT (84). The 8-yr DFS and OS were 42% and 66%,
respectively (see Fig. 4). In a similar series from St. Bartholomew Hospital, 99 relapsed FL.
patients underwent HDT with purged autoSCT with a 5-yr freedom from recurrence (FFR) and
OS of 63% and 69%, respectively (85). The University of Nebraska treated 100 relapsed/
refractory FL patients without bone marrow involvement with HDT and unpurged autoSCT
(86). The 4-yr failure-free survival (FFS) and OS were 44% and 65%, respectively.

The St. Bartholomew group compared results of HDT and autoSCT with a matched histori-
cal control group (87). The SCT group had a significantly better PFS but not OS. One small
randomized trial has been completed. The Chemotherapy Unpurged Purged (CUP) trial ran-
domized relapsed chemosensitive FL patients to chemotherapy, HDT, and purged autoSCT,
or HDT, and unpurged autoSCT (88). At a median follow-up of 26 mo, there was a significant
improvement in the progression/relapse rate seen for HDT and autoSCT over chemotherapy
(66% for chemotherapy, 39% for unpurged SCT, 37% for purged SCT, p = 0.002).

The results of studies of HDT and autoSCT for FL are encouraging. Caution, however, is
indicated in interpreting these results, as study participants were highly selected. Moreover, no
randomized data exist that actually shows improved OS. Evidence for actual cure or plateau
in survival curves with HDT and autoSCT in relapsed/refractory FL is also lacking.
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Table 4

HDT and AutoSCT in Relapsed/Refractory FL

Author n Preparative regimen Purging DFS oS Years follow-up
Freedman et al. (84) 153 Cy/TBI Yes 42% 66% 8
Apostolides 99 Cy/TBI Yes 63% (FFR) 69% 5
etal. (85)
Bierman et al. (86) 100 Cy/TBI No 44% (FFS) 65% 4
Brice et al. (89) 83 TBI or BEAM Yes 42% (FFP) 58% 5
Molina et al. (90) 58P Cy/TBIxVP-16 or BCNU No 42% 67% 5
Caoetal. (91) 49 Cy/VP-16 + BCNU or TBI Yes 44% 60% 4
Voso et al. (95) 41 Cy/TBI Yes 43% (RFS) 72% 3.7
Weaver et al. (93) 49 BU/Cy or BEAC No 35% (EFS) 55% 3.6
Colombat et al. (94) 42 Cy/TBI or BEAM Yes 58% (EFS) 83% 3.6
(40%)

“29% transformed FL.
b18% transformed FL.
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Fig. 4. Overall survival after high-dose therapy and autologous stem cell transplantation in patients with
relapsed follicular non-Hodgkin’s lymphoma.

1.2.2.2. FIRST-LINE THERAPY

Several groups have reported series of patients receiving HDT and autoSCT in first remis-
sion (see Table 5) (96—103). As withrelapsed/refractory disease, results in these nonrandomized
studies have been superior to what one would expect with standard chemotherapy. The most
impressive results are from the Stanford University group, which recently published an update
of their first-line treatment series (97). They enrolled 37 previously untreated patients 50 yr or
younger with stage III or IV FL who achieved a minimal disease state with a standard conven-
tional chemotherapy regimen. With a median follow-up of 6.5 yr, the estimated 10-yr OS and
disease-specific survival of the 37 patients after HDT and autoSCT were 86% and 97%,
respectively. The Dana Farber Cancer Institute group transplanted 77 previously untreated FL.
patients who achieved a minimal residual disease state using slightly less stringent criteria (98).
The 3-yr DFS and OS in this series were 66% and 89%, respectively.

More recently, the GITMO reported results in untreated FL patients using intensive chemo-
therapy to achieve a minimal disease state before HDT and unpurged autoSCT (7/03). As
opposed to the previously discussed studies, patients were selected before it was known what
their response to initial chemotherapy would be. Eighty-seven percent of patients enrolled
obtained a CR with initial intensive chemotherapy and 47% had polymerase chain reaction
(PCR)-negative peripheral blood stem cell (PBSC) grafts at the time of SCT without purging.
DFS and OS at 4 yr was 67% and 84 %, respectively. Early results of the first 150 randomized
patients in the GOELAMNS 064 trial have been reported in abstract form (/04). In this trial,
newly diagnosed FL patients with high tumor burdens and under the age of 60 were randomized
to HDT and SCT or conventional chemotherapy with interferon. At a median follow-up of 31
mo, the estimated 4-yr EFS was significantly better in the SCT group (61% vs 27%, p<0.027).
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Table 5

HDT and AutoSCT as First-Line Therapy in FL

Author n Preparative regimen Purging DFS oS Years follow-up
Horning et al. (97) 37 Cy/TBI/VP-16 Yes 86% 97% 10
Freedman et al. (98) 77 Cy/TBI Yes 66% 89% 3
Ladetto et al. (103) 92 MTX/Cy/VP-16 No 67% 84% 4
Tarella et al. (99) 29 MTX and L-PAM Yes 59% (EFS) 79% 9
Colombat et al. (100) 27 Cy/TBI Yes 55% (EFS) 64% 6
Seyfarth et al. (96) 33 Cy/TBI or BEAM No 76% (EFS) 92% 4

Voso et al. (95) 70 Cy/TBI Yes 78% (RFS) 86% 3.7
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Table 6
HDT and AutoSCT in Transformed FL
Author n Preparative regimen DFS oS Years follow-up
Williams et al. (//2) 50  Cy/TBI, BEAM, or other  30% (PFS) 51% 5
(Registry)

Friedbergetal. (114) 27 Cy/TBI 46% 58% 5
Chenetal. (113) 35 TBI/VP-16/Melphalan 36% (PES) 37% 5
Foranetal. (111) 27 Cy/TBI 52% 2.4
Caoetal. (91) 17  Cy/VP-16tBCNU or TBI  49% 50% 4

Accumulating data suggest that younger patients with FL can achieve significant PFS with
HDT and autoSCT when used as first-line treatment. Whether this actually translates into
improved long-term survival or cure is still unclear.

1.2.2.3. TRANSFORMED DISEASE

Transformation occurs in 30-70% of cases of FL (105-107). Transformed FL is associated
with a median survival of under 1 yr with standard chemotherapy, although a subgroup of
patients with limited disease and no previous exposure to chemotherapy may do better
(108,109). HDT and autoSCT has also been applied to transformed follicular NHL in hopes
of improving the outcome. Results from nonrandomized series have demonstrated 5-yr OS in
the range of 50% (see Table 6) (110-114). This compares favorably to trials of conventional
chemotherapy and needs to be confirmed in a randomized clinical trial.

1.2.2.4. RoLE oF PURGING

The role of purging stem cell grafts in FL remains controversial. Although contamination
of bone marrow and stem cell collections may contribute to relapse after SCT, FL. most often
recurs at previous sites of disease. The Dana Farber Cancer Institute data have suggested that
ex vivo purging of bone marrow with monoclonal antibodies improves outcome (84,115,116).
In their series, 113/153 patients had bone marrow harvests PCR positive for the bcl-2/JH
rearrangement (84). After purging, 42% of these patients became PCR negative. Patients with
PCR-negative bone marrow harvests after purging had a significantly longer FFR than those
with positive harvests. Patients who remained PCR-negative during follow-up also did better.
The PCR status of the bone marrow harvest did not correlate with outcome in the St.
Bartholomew’s series, however (85). Several other studies have argued against abenefitin PFS
with purging as well (//7,118). No difference in outcome was observed in early follow-up
between purged and unpurged stem cells in the CUP trial (88).

The use of PBSCs and/or in vivo purging with rituximab may eliminate the need for com-
plicated ex vivo purging procedures. The use of intensive chemotherapy and unpurged PBSC
collection resulted in a 47% rate of PCR-negative harvests in the GITMO study (/03). Magni
etal. achieved a 93% PCR-negative PBSC harvestin 15 FL and mantle cell lymphoma patients
with bone marrow involvement using a combination of rituximab and intensive chemotherapy
(119). Other centers have shown comparable results in small early studies (/20-123).
Rituximab may also be able to convert FL patients with minimal residual disease (MRD) after
autoSCT to a MRD-negative state (124).
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The benefits of purging remain unclear. There has been a more consistent association
between PCR negativity at follow-up than PCR-negative harvest with improved DFS. Ran-
domized trials are required to resolve the issue. The use of rituximab as in vivo purging appears
promising in early studies.

1.2.2.5. ProgNosTIC FACTORS

Several prognostic factors have been shown to affect DFS and/or OS in patients with FL.
undergoing HDT and autoSCT, although no widely accepted index has been established. These
include older age (86), increased LDH, presence of B symptoms (84), number of previous
chemotherapy regimens (86,87,92), disease chemosensitivity (87,92,95), presence of histologic
transformation (91,111,113,114), and PCR positivity of the bone marrow at follow-up (84,85).

1.2.3. MANTLE CELL LYymMPHOMA

Mantle cell lymphoma (MCL) comprises approx 6% of all NHL (62). Most patients present
with advanced disease. The reported median survival in most published series is 3—4 yr with
no evidence of cure. There is no widely accepted standard first-line therapy for MCL.
Anthracycline-containing regimens such as CHOP are often used, as well as fludaribine-
containing combinations and dose-intensive third-generation NHL regimens (/25-7/32). The
use of MAbs alone or in combination with chemotherapy has been reported recently and studies
of radiolabeled MAbs are in progress (133,134).

1.2.3.1. AutoSCT RESULTS

High-dose therapy and autoSCT has been used a salvage therapy and as acomponent of first-
line therapy for patients with MCL (see Tables 7 and 8) (/35-148). Multiple series reported
a worse outcome for patients receiving SCT after relapse, particularly in patients who have
received multiple prior chemotherapy regimens. In the study from the University of Nebraska
Medical Center, the 2-yr EFS for patients who had received less than three prior therapies was
45% compared to 0% for those receiving more than three prior therapies (/43). In another
recent study from Stanford and the City of Hope, the 3-yr EFS was 88% for patients undergoing
autoSCT in first CR compared with 41% for those in subsequent CR (/44).

Favorable results from the M.D. Anderson Cancer Center (MDACC) were seen in 45 pa-
tients undergoing hyper-CVAD and high-dose methotrexate and cytaribine induction fol-
lowed by SCT (autoSCT and alloSCT) (/45). The 3-yr EFS and OS rates of 72% and 92%,
respectively, for previously untreated patients compared with 17% and 25%, respectively, for
patients who had received prior therapy. Comparison of these patients with 25 historical
controls who had received CHOP-like chemotherapy without proceeding to SCT showed a
markedly superior EFS and OS in the SCT group. Whether these data are a result of patient
selection, the intensive induction regimen, or the incorporation of SCT is not clear. Very early
results from another MDACC study incorporating rituximab into the hyper-CVAD/high-dose
cytaribine/high-dose methotrexate without SCT have shown equivalent outcome to patients
who underwent SCT as well (/46). Early data from the first randomized study of autoSCT in
MCL were recently presented (/49). The 102 of 143 patients with newly diagnosed MCL who
achieved a CR or PR with initial CHOP-like chemotherapy were assigned to HDT and autoSCT
or interferon-o. maintenance. After a maximum of 4 yr follow-up, the EFS was significantly
better in the SCT group (53% vs 17%, p = 0.011).

The role of autoSCT in MCL is still not well defined. Lack of randomized studies, lack of
a standard chemotherapy regimen to which to compare results, and heterogeneous patient
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Table 7

HDT and AutoSCT for Previously Treated MCL

Author n Transplant regimen EFS oS Years follow-up
Ketterer et al. (138) 16 TBI-based 24% 24% 3
Vandenberghe et al. (131) 150 Various 30% 48% 2
(Registry)

Malone et al. (144) 29 Cy/TBI/VP-16 38% 61% 3
Freedman et al. (142) 28 Cy/TBI 31% (DES) 62% 4

Vose et al. (143) 40 Various 36% 65% 2
Milpied et al. (141) 18 TBI-based or BEAM 48% (DFES) 80% 4

Blay et al. (140) 18 Various 75% (PFS) 91% 2
Khouri et al. (145) 20 Hyper-CVAD, 17% 25%

Ara-C/MTX then
Cy/TBI
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Table 8
HDT and AutoSCT in MCL Patients in First CR

Author n Transplant regimen EFS oS Years follow-up
Stewart et al. (135) 14 CAP/BOP then various HDT 8% (FES) 23% 5
Malone et al. (144) 16 Cy/VP-16/TBI or CBV 87% 94% 3
Khouri et al. (145) 25 Hyper-CVAD, Ara-C/MTX then 72% 92% 3

Cy/TBI
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populations complicate interpretation of any SCT study in this disease. Patients who have
received multiple prior chemotherapy regimens appear to do poorly, whereas patients treated
earlier may do better. Long-term follow-up of ongoing randomized trials is needed to deter-
mine if HDT and autoSCT leads to improved OS.

1.2.3.2. StEM CELL PURGING

Both peripheral blood (PB) and bone marrow involvement are frequent in MCL. Thus,
several groups have investigated the role of ex vivo purging. Jacquy et al. demonstrated that
the use of chemotherapy/granulocyte colony-stimulating factor protocols in MCL actually
increased the number of t(11;14) cells in the PB of 10 of 12 patients, suggesting a rationale for
ex vivo purging (/50). However, Anderson et al. were only able to eradicate PCR-detectable
MCL in 2/19 patients undergoing autoSCT for MCL (/57). MCL cells may therefore be
relatively resistant to purging. Several encouraging small studies of in vivo purging using
rituximab have been reported that include MCL patients (/79,123,152). No study to date
includes sufficient patient numbers to be able to identify an OS or EFS difference according
to whether or not purging was performed. The ideal purging strategy is also unclear.

1.2.3.3. ROLE OF RADIOIMMUNOCONJUGATES

The use of radioimmunoconjugates as part of the SCT preparative regimen have shown
promise in relapsed MCL (/53-155). In a recent series of 16 patients with relapsed MCL,
treatment with tositumomab (anti-CD20 antibody conjugated with I-131) along with high-
dose etoposide and cyclophosphamide resulted in a 3-yr OS and PFS or 93% and 61%, respec-
tively (/54). Further studies are needed to confirm these results.

1.2.4. LYMPHOBLASTIC LYMPHOMA

Lymphoblastic lymphoma accounts for approx 2% of all cases of NHL (62). Itis aneoplasm
of precursor B or T lymphocytes with an aggressive clinical course. Intensive chemotherapy/
radiotherapy regimens produce CR rates of 70—80% with 40—-60% of patients achieving long-
term survival (/56—158). Both autoSCT and alloSCT have been used to consolidate first
remissions in this disease in attempts to improve long-term survival. Retrospective series from
single centers and registries have reported 50-80% long-term survival with SCT (159-164).
More recently, a study by Sweetenham et al. randomized patients who achieved a CR or PR
after standard remission-induction therapy to HDT and autoSCT or a conventional consolida-
tion/maintenance protocol (/65). Only 65 of 119 patients started on induction chemotherapy
were eligible for randomization, because of patient refusal, early disease progression, exces-
sive toxicity with induction therapy, or elective alloSCT. A trend toward improved relapse-free
survival (RFS) was noted without any improvement in overall OS. The lack of difference
between arms may be explained in part by low numbers and the application of SCT in relapsing
patients. The exact role of HDT and autoSCT has yet to be determined in lymphoblastic
lymphoma.

1.2.5. BurkiTT’s LymMmPHOMA

Burkitt’s lymphoma is a rare subset of NHL with an aggressive clinical course. The disease
is characterized by an 8;14 chromosomal translocation. Burkitt-like lymphoma is a less well-
defined subtype. The largest series on HDT and autoSCT was reported by Sweetenham et al.
and retrospectively analyzed 117 cases reported to the European Group for Blood and Marrow
Transplantation (EBMT) (166). The 3-yr OS was 72% for patients in first CR, 37% for patients
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in chemosensitive relapse, and only 7% for chemoresistant patients. Although results for
autoSCT in patients with chemosensitive relapse compared favorably to conventional salvage
chemotherapy, newer intensive conventional chemotherapy regimens have shown outcomes
as good or superior to those reported by Sweetenham et al. for first-line patients (167—174).
Magrath et al. reported a 2-yr EFS of 100% in adults treated with an alternating non-cross-
resistant regimen of cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate
(CODOX-M) and Ifosfamide, etoposide, high-dose cytaribine (IVAC) in 20 adult patients with
small noncleaved NHL (/67). Mead et al. more recently applied this regimen to 40 high-risk
patients (any patient with an ECOG performance status greater than 1, elevated LDH, mass
greater than 10 cm, or greater than stage II) with documented Burkitt’s lymphoma and achieved
a 2-yr EFS and OS of 60% and 70%, respectively (168).

The excellent results with modern conventional chemotherapy regimens even in high-risk
patients appear to limit the role of HDT and autoSCT as first-line therapy in Burkitt’s lym-
phoma. Further comparative studies are needed to determine if any subset of patients would
benefit from HDT and autoSCT in first remission. HDT and autoSCT may have some benefit
in selected relapsed chemosensitive patients and should be considered in this setting. There is
little role for HDT and autoSCT in relapsed chemorefractory patients.

1.2.6. PERIPHERAL T-CELL LYMPHOMAS

Peripheral T-cell lymphomas (PTCL) are a heterogeneous group of neoplasms that com-
prise the majority of T-cell NHL and roughly 10% of all cases of NHL (/75). Although two
small series found no difference in outcome between PTCL and corresponding B-cell pheno-
types (176,177), several large series suggested that PTCL is associated with a worse prognosis
(178,179). Melnyk et al. retrospectively analyzed the outcome of 560 NHL cases treated at the
MDACC (179). They found that the 5-yr failure-free survival (FFS) and OS for was signifi-
cantly worse for PTCL patients relative to DLBCL patients (FFS 38% vs 58%, p< 0.0001 and
OS 39% and 62%, p< 0.001).

Although a small number of cases of PTCL were included series examining autoSCT in
DLBCL (70,72,79,80), few large studies have been published on autoSCT in PTCL alone.
Vose et al. reported on results of HDT and autoSCT in a group of 41 recurrent NHL interme-
diate or high-grade NHL patients (/80). Seventeen patients had a T-cell phenotype, whereas
24 had a B-cell phenotype. There was no significant difference in 2-yr OS or DFS between the
two groups. Blystad et al. performed HDT and autoSCT in 41 chemosensitive PTCL patients,
17 of whom were in first CR or PR (/87). The 3-yr OS and EFS were 58% and 48%, respec-
tively. In a series from the MDACC, 36 relapsed or refractory PTCL patients underwent SCT,
with 7 receiving allogeneic SCT (/82). The 3-yr OS and PFS were 36% and 28 %, respectively.
Recently, the Spanish Lymphoma Cooperative Group reported an abstract on 77 PTCL pa-
tients receiving HDT and autoSCT in first remission or after relapse (/83). At 23 mo median
follow-up, the actuarial 5-yr OS was 49% and the DFS was 44%. The 5-yr OS for patients
transplanted in first CR was 80%.

Anaplastic large-cell lymphoma (ALCL) may be a more favorable subtype of PTCL. One-
third or more ALCLs actually express B-cell antigens. Several groups have reported on HDT
and autoSCT in relapse or as part of first-line therapy in PTCL (/84-187). Fanin et al. treated
16 ALCL patients with HDT and SCT as part of first-line therapy (/84). Patients first received
5-flurouracil, methotrexate, cytaribine, cyclophosphamide, doxorubicin, vincristine, pred-
nisone (F-MACHOP) followed by IFRT in patients with residual mediastinal masses. All
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patients received HDT and autoSCT regardless of remission status after primary chemo-
therapy. At a median of 33.5 mo follow-up, DFS was 100%.

The diverse patient populations, significant heterogeneity of PTCL itself, and paucity of
studies make it difficult to draw conclusions about the role of HDT and autoSCT in this group
of lymphomas. As more becomes known about specific PTCL subtypes, further studies may
help elucidate which subtypes respond most favorably to HDT and autoSCT. The impressive
results of HDT and autoSCT for ALCL needed to be confirmed in a randomized trial vs
conventional chemotherapy.

1.2.7. HiGH-DOSE PREPARATIVE REGIMENS IN NHL

As opposed to HD, TBI-containing regimens are more commonly used for NHL. Some of
the most frequently used regimens include cyclophosphamide/TBI (Cy/TBI), cyclophospha-
mide/etoposide/TBI (Cy/VP-16/TBI), BEAM, Carmustine etoposide, cytaribine, cyclophos-
phamide (BEAC), and CBV. No randomized trials have compared different regimens. A
retrospective analysis from Stanford University found no difference in outcome among NHL
patients receiving preparative regimens with chemotherapy and radiation vs radiation alone
(188). Radioimmunoconjugates such as tositumomab may be promising additions to prepara-
tive regimens by delivering high doses of radiation directly to tumors while sparing normal
tissue. Press et al. reported a phase I/II study combining tositumomab with high-dose cyclo-
phosphamide and etoposide as a preparative regimen for relapsed NHL patients undergoing
autoSCT (153). The 2-yr OS and PFS (83% and 68%, respectively) compared favorably to that
of a nonrandomized control group that received high-dose cyclophosphamide and etoposide
along with TBI (OS=53% and PFS=36%). Long-term efficacy and toxicity of radioimmuno-
conjugates are not known.

1.3. Stem Cell Source in AutoSCT

Peripheral blood stem cells have become the preferred source of donor cells in autoSCT in
both HD and NHL. Several randomized and matched-pair studies have shown that patients
receiving PBSCs have reduced time to hematopoietic recovery and reduced duration in hos-
pital stay (/89—195). One study also showed a significant cost savings with the use of PBSCs
(192). No difference in OS or PFS after SCT has been demonstrated in any of these studies.
Using chemotherapy and growth factors together appears to improve mobilization and decrease
time needed for collection of PBSCs but has not been shown to improve outcome (195).

1.4. Toxicity From AutoSCT

Early treatment-related mortality (TRM) has decreased over time with accumulating expe-
rience in autoSCT in HD and NHL and improvements in supportive care. Experienced centers
now report TRM under 5-10%. Long-term non-relapse-related toxicity is still a significant
problem, however. Of particular concern is the high incidence of secondary acute myelog-
enous leukemia (AML) and myelodysplasia (MDS). Incidences ranging from 5% to 20% have
been reported after HDT and autoSCT for HD and NHL (56-58,196-205).

The median time to onset is 2—4 yr after completing therapy. Both initial chemoradiotherapy
and HDT before SCT likely contribute to the incidence of secondary AML and MDS. In
addition, patients with clonal cytogenetic abnormalities before SCT are likely at higher risk of
developing secondary AML or MDS than those with normal cytogenetics (200). Age greater
than or equal to 40 and previous TBI have been identified in some series as risk factors
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(186,196,201 ). Nonhematologic malignancies are also a significant issue in long-term survi-
vors of HDT and autoSCT (202-204). The additive impact of HDT and autoSCT to this risk
has not been established.

2. ALLOGENEIC STEM CELL TRANSPLANTATION

Although autoSCT has been widely applied in HD and NHL, experience with alloSCT is far
more limited. In addition, few direct comparisons between alloSCT and autoSCT exist. There
are several advantages to alloSCT over autoSCT. First, there may be a graft-vs-lymphoma
(GVL) effect with alloSCT (206). Evidence for this phenomenon includes the apparent effec-
tiveness of modulation of immunosuppressive therapy (207), correlation of relapse rate with
chronic graft-vs-host disease (GVHD) (208), clinical responses to donor lymphocyte infusions
(DLIs) (209,210), and the effectiveness of nonmyeloablative conditioning regimens with
alloSCT (211). The GVL effectis, however, still controversial (2/2). Second, by using another
donor’s stem cells, one avoids the potential for l[ymphomatous contamination of graft. Third,
alloSCT may be associated with a lower risk of secondary AML and MDS. Disadvantages of
alloSCT include a higher TRM, acute and chronic GVHD, the need for prolonged immunosup-
pression, paucity of suitable donors, and age restriction to younger patients. A common finding
across HD and NHL studies comparing autoSCT to alloSCT is a lower relapse rate for alloSCT
at the expense of higher TRM relative to autoSCT.

2.1. Hodgkin’s Disease

Experience with HDT and alloSCT in HD is limited in part because of the success of
autoSCT. Therefore, the role of alloSCT in HD has not been defined. Several series have been
published to date (2/3-218). The patient populations were heterogeneous among these series
regarding the degree of previous treatment, performance status, and disease status at SCT.

The Seattle group reported on outcomes of 127 patients with relapsed or refractory HD who
underwent SCT at their center overa21-yr period (213). Fifty-three patients underwent alloSCT
from human leukocyte antigen (HLA)-identical siblings, 68 patients underwent autoSCT, and
six patients underwent syngeneic transplant. The alloSCT group had a significantly lower
relapse rate than the autoSCT group (45% vs 76%, p=0.05). However, there was no significant
difference in OS, EFS, or nonrelapse mortality. Although not statistically significant, the
higher nonrelapse mortality in the alloSCT group likely contributed to the lack of survival
difference. The EBMT compared registry results of 45 relapsed or refractory HD patients
treated with alloSCT to matched patients receiving autoSCT (274). The relapse rate in this
series was no different between alloSCT and autoSCT (61% vs 61%). There were also no
significant differences seen between alloSCT and autoSCT in 4-yr OS or PFS. However, the
4-yr toxic death rate for alloSCT was significantly worse (48% vs 27%, p=0.04). For patients
with chemosensitive disease, the 4-yr OS favored autoSCT (64% vs 30%, p= 0.007).

Gajewski et al. published an analysis of 100 consecutive patients with HD who received HLA-
matched sibling alloSCT from the International Bone Marrow Transplant Registry (IBMTR)
(215). The majority of the patients were not in remission at the time of transplant and half had
a Karnofsky score of less than 50%. The 3-yr DFS, OS, and relapse rate of the group was 15%,
21%, and 65%, respectively. Johns Hopkins recently published a series of 157 relapsed or
refractory HD patients, 53 of whomreceived alloSCT(276). The estimated 10-yr OS for autoSCT
and alloSCT patients was 37% and 30%, respectively (p=0.2). Patients with resistant disease at
relapse who were treated with alloSCT had a significantly higher total nonrelapse mortality than
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those treated with autoSCT (53% vs 28%, p= 0.04). There was a trend toward a lower relapse
rate with alloSCT in patients with sensitive disease. The estimated 10-yr survival for patients
with sensitive disease was 63% of alloSCT and 44% for autoSCT (p= 0.83).

Several subsets of HD patients may stand to benefit the most from alloSCT. These would
include relapsed HD patients in whom adequate autologous stem cells cannot be mobilized and
relapsed HD patients with significant bone marrow involvement. With the limited current
available data, alloSCT for HD has not been shown to be superior to autoSCT for relapsed or
refractory HD. AlloSCT appears to be associated with a lower relapse rate but higher TRM,
which may negate any survival benefit. More investigation is needed to resolve this issue.

2.2. Non-Hodgkin’s Lymphoma
2.2.1. FoLLICULAR LYMPHOMA

The survival curves for FL after HDT and autoSCT have not shown any evidence of a plateau
with lengthy follow-up. Moreover, autoSCT may not be very effective in patients with refrac-
tory disease or significant bone marrow involvement. Other heavily pretreated patients may
not be able to mobilize adequate numbers of stem cells for autoSCT. The significant incidence
of secondary MDS/AML after HDT and autoSCT is also a concern for patients whose disease
may have a long natural history. All of these factors have provided impetus for investigation
of alloSCT in follicular and other low-grade lymphomas.

The largest series of HDT and alloSCT in low-grade lymphoma (majority of patients with
FL) was reported from the IBMTR (279). The 113 patients on which the series reported had
a median age of 38 yr, generally had advanced disease, and had received a median of two
previous chemotherapy regimens. The 3-yr recurrence rate, TRM, OS, and DFS were 15%,
40%, 49%, and 49%, respectively. Age less than 40, chemosensitive disease, good perfor-
mance status, and TBI-containing regimen correlated with improved survival. Verdonck et al.
compared results of alloSCT and autoSCT in a heavily pretreated group of low-grade NHL
patients (220). Eighteen patients received autoSCT, whereas 10 patients received alloSCT.
Notably, all autoSCT patients had chemosensitive disease at transplant, as opposed to only 7
out 10 in the alloSCT patients. Although three of seven alloSCT died of TRM, their 2-yr PFS
was significantly better than the autoSCT group (68% vs 22%, p=0.049). Several other series
have been reported as well, mainly in heavily pretreated and often refractory patients (22/—
225). Common among series was a high TRM, low relapse rate, and DFS rates of 50-80% in
early follow-up.

Allogeneic SCT in FL and other low-grade lymphomas appears to be feasible in younger
patients, even with refractory disease. There is also a suggestion that it may cure some patients
relative to autoSCT, perhaps because of GVL effect. This, however, comes at the price of
higher TRM. Large prospective studies with longer follow-up are needed to see if the advan-
tages if alloSCT can translate into improved long-term survival over autoSCT.

2.2.2. DLBCL anp Hica-GraDE NHL

Few large studies have specifically examined the role of alloSCT in intermediate- and high-
grade NHL and none have addressed alloSCT in specific intermediate/high-grade NHL sub-
types only (208,226-229). A study by Chopra et al. compared the outcomes of 101 alloSCT
patients reported to the EBMTG lymphoma registry with those of 101 matched autoSCT
patients (208). Half of the patients had lymphoblastic lymphoma and the other half were listed
asintermediate/high-grade NHL. Ata median follow-up of 48 mo the PFSs were similar in both
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groups (49% for alloSCT vs 46% for autoSCT). Among lymphoblastic lymphoma patients,
there was a significantly lower relapse rate in the alloSCT group compared to the autoSCT
group. This, however, did not translate into improved OS because of a higher TRM in the
alloSCT group. Notably, there was a significantly lower relapse rate among alloSCT patients
who developed chronic GVHD, suggesting a GVL effect. Most of these patients had lympho-
blastic lymphoma. Ratanatharathorn et al. reported a series of 66 consecutive patients with
either relapsed/refractory intermediate/high-grade NHL or transformed low-grade NHL who
received either alloSCT or autoSCT (228). Patients under the age of 55 and with HLA-matched
siblings were given allogeneic bone marrow transplant (allo-BMT). The mean age of the
alloSCT group was 40 and the autoSCT group was 47. At a median follow-up of 14 mo, there
was a significantly higher probability of disease progression in the autoSCT group and a
nonsignificant improvement in PFS in the alloSCT group.

2.2.3. MANTLE CELL LYMPHOMA

As with FL, curability has been elusive using HDT and autoSCT in MCL. Several small
series of alloSCTs have been published to date (/31,230-232). Most studies have shown
comparable rates of OS and DFS to autoSCT. The European Bone Marrow Transplant group
reported registry data on 22 MCL patients who underwent alloSCT (/31). The OS and EFS at
2 yr was 62% and 52%, respectively. Khouri et al. have reported a study of 16 patients with
MCL undergoing alloSCT, including 5 previously untreated patients receiving hyper-CVAD/
cytaribine/methotrexate induction and 11 previously untreated patients (230). With a median
follow-up of 24 mo, OS and FFS were 55% with 5 of 11 patients dying of transplant-related
complications. For those patients with chemosensitive disease at the time of transplantation,
the corresponding figures were both 90%, results similar to those reported by the same group
using autoSCT after hyper-CVAD. A GVL effect was suggested by the fact that five of seven
patients positive by PCR at the time of transplant for the bcl-1 or Ig gene rearrangement became
negative within 7 mo after transplant. Several other smaller reports also suggest a GVL effect
based on response to donor lymphocyte infusion or “slow” responses observed after the onset
of GVHD (231,232). As with other types of NHL, the role of alloSCT is unclear and remains
experimental.

2.2.4. CONCLUSION

As with HD, the role of alloSCT in NHL has not been well established. The small numbers
of studies and heterogeneity of NHL makes it difficult to draw firm conclusions. The available
data on alloSCT for NHL suggest that alloSCT may induce a GVL effect that contributes to
alower rate of relapse relative to autoSCT. On the other hand, there is no conclusive evidence
that the lower relapse rate leads to improved long-term survival. Moreover, the patients in
alloSCT studies were highly selected. It is possible that some of the outcomes seen with
alloSCT were related to favorable patient characteristics, including younger age. The high
TRM with alloSCT may ultimately limit its usefulness to small as of yet unidentified subsets
of NHL patients.

3. REDUCED-INTENSITY ALLOGENEIC STEM CELL TRANSPLANTATION

Reduced-intensity transplant (RIT) or nonmyeloablative alloSCT for lymphoma is cur-
rently an active area of research. The technique involves using smaller doses of chemotherapy
and/or TBI than traditional alloSCT preparative regimens. Rather than relying on the high-dose
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chemotherapy and/or TBI to eradicate the lymphoma, reduced-intensity alloSCT relies on the
GVL effect. The goal of RIT is toreduce TRM associated with the preparative regimen and thus
improve long-term survival.

A number of small studies and one large study have been published on RIT that include HD
and NHL patients (2/7,233-251). Most studies have included heavily pretreated heteroge-
neous groups of patients with very early follow-up and have demonstrated variable results.
Fludaribine-based conditioning regimens were used in most studies that ideally allowed for
recovery of autologous hematopoiesis in the setting of graft failure. More intensive BEAM-
based regimens have also been used. Some centers have incorporated CAMPATH-1H (234-
236) as in vivo T-cell depletion in an attempt to decrease the incidence of GVHD and promote
engraftment, whereas others have used rituximab (237) to help prevent relapse before the GVL
effect sets in. There have also been reports of successful autografting followed by RIT in
refractory heavily pretreated NHL and HD patients (238).

The EBMT recently published the largest series to date on RIT (239). The study reports on
188 lymphoma patients (52 HD, 52 low-grade NHL, 52 high-grade NHL including DLBCL,
22 MCL) with a median age of 40 yr and median number of three prior therapies (including
previous autoSCT in 48%), most of whom were treated with a fludaribine-based preparative
regimen. Notably, 71% of patients had chemosensitive disease at the time of SCT. With a
median follow-up of 283 d the estimated 2-yr OS and PFS for the entire group was 50% and
30%, respectively. Patients with chemoresistant disease, high-grade NHL, and MCL had a
significantly worse PFS. TRM was 34% at 2 yr and significantly worse in older patients.
Multiple patients responded to DLI.

The most impressive single-institution results have been reported by the MDACC (240).
Forty-nine patients with indolent NHL (FL or small lymphocytic lymphoma), DLBCL, and
MCL and a median age of 55 yr underwent RIT. Patients had received a median of four prior
chemotherapy regimens. Seventy-one percent had chemosensitive disease at the time of SCT.
At 19 mo median follow-up, the 2-yr OS and DFS for indolent NHL were both 85%, and for
DLBCL, they were 71% and 61%, respectively. The 1-yr OS and DFS for MCL patients was
100% and 92%, respectively. One hundred-day mortality was only 4%. Spitzer et al. reported
on RIT in 20 refractory DLBCL patients (24/). At a follow-up of 13-52 mo, five patients were
alive and free of disease. Bertz et al. recently published a series of 25 heavily pretreated NHL
and HD patients (242). Twelve patients received RIT, whereas 13 underwent standard alloSCT.
Nonrelapse mortality was significantly worse in the standard alloSCT group (54% vs 17%, p=
0.03), as was the 1-yr OS (23% vs 67%, p=<0.02). Several studies have specifically addressed
RIT in patients who had relapsed after autoSCT (236,243). Branson et al. published a series
of 38 patients with NHL, HD, and multiple myeloma who had failed after autoSCT (236). The
OS and PFS at 14 mo follow-up were 53% and 50%, respectively. TRM within the first 14 mo
was 20% and 3 of 15 patients responded to DLI.

Reduced-intensity transplant and alloSCT shows promise in early studies for the treatment
of relapsed and refractory NHL and HD patients. As with autoSCT, early data suggest that
patients with chemorefractory disease at the time of SCT do poorly. The short-term OS and PFS
rates in heavily pretreated patients including those who have relapsed after autoSCT are no-
table. These patients normally have a very poor prognosis with standard salvage therapy.
Although there are no randomized data, it appears that RIT and alloSCT are associated with
a lower TRM than standard alloSCT. Whether the lower TRM and the GVL effect will result
in improved long-term survival remains to be seen. Many questions still need to be answered
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about RIT, including the ideal type of conditioning regimen, role and timing of DLI and
monoclonal antibodies administration, and appropriate posttransplant immunosuppressive
regimen. Moreover, patient subsets who will benefit the most from RIT need to be identified.
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1. AUTOLOGOUS TRANSPLANTATION

The conventional treatment of myeloma frequently results in the achievement of a stable
“plateau” phase during which patients have minimal or no symptoms related to their disease;
however, during this phase, patients still have a considerable tumor burden. Conventional
treatment with melphalan, melphalan and prednisolone, or combination chemotherapy regi-
mens including cyclophosphamide, melphalan, carmustine (BCNU), lomustine (CCNU),
adriamycin, vincristine, and prednisolone result in a median survival of between 24 and 36 mo,
with approx 50% of patients responding to therapy. However, only a minority (5-10%) of
patients attained a true complete remission (CR), with the disappearance of paraprotein and a
normal marrow (/,2). Following the introduction of infusional chemotherapy, such as vincris-
tine adriamucin dexamethasone (VAD), the number of patients responding to treatment (70—
80%) and the level of response achieved increased, with CR rates of 8-28% (3,4). These
responses were often short-lived, and it was with the purpose of improving the duration of
response that high-dose therapy (HDT) was introduced (5).

1.1. HDT vs Conventional Therapy

Initial studies using a single large intravenous dose of melphalan (140 mg/m?) gave encour-
aging results; however, the treatment was associated with a prolonged myelosuppression
period, which resulted in a significant infection risk and a number of procedure-related deaths.
Later, this approach was combined with bone marrow (BM) rescue, and its safety improved
and a high response rate was noted, with up to 50% of patients attaining a CR (6). In the early
1990s autologous peripheral blood hematopoetic stem cells were reported as an alternative
source of support for the high-dose procedure. There are a number of advantages to such a
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technique, including ease in collecting stem cells, quicker engraftment times, and a lower
transplant-related mortality.

A number of groups have since shown an improvement in response rates and survival using
this regimen in both relapsed/refractory and newly diagnosed patients when compared to
historical controls (7,8). However, conflicting evidence also suggested that patients who would
be potential candidates for HDT but were treated with conventional chemotherapy had similar
survival rates to those reported with HDT (9) (see Table 1). These single-center studies are
difficult to assess because patient selection is subject to considerable bias, including young
age, good performance status, and normal renal function. Thus, a number of prospective
randomized trials have addressed this question by comparing HDT with either peripheral blood
stem cell transplantation (PBSCT) or autologous bone marrow transplantation (autoBMT)
support to conventional combination therapy. To date, two trials have reported an improved
response rate, progression-free survival (PFS), and overall survival (OS) in patients undergo-
ing high-dose treatment (/0,11). Two further trials report that despite an increase in response
rates in the HDT arms, there was no difference in PFS or OS (12,13) (see Table 1).

The majority of these trials have set an upper age limit of 65 yr for consideration for HDT.
A number of reports from single centers have treated older patients (up to 75 yr of age) who
were considered biologically fit, and response rates and survival rates were similar to younger
cohorts (14). There are also anumber of reports of the use of HDT (in some cases, an attenuated
dose of melphalan of 140 mg/m? was used) in patients with renal failure, some of who required
dialysis. Although in the majority of cases there was no improvement in renal function, the
procedure was well tolerated and the renal disease was not a factor influencing OS (15,16).

1.2. Timing of HDT

The relative merits of HDT either early in the disease course or as salvage therapy forrelapse
after conventional therapy have also been examined in two randomized trials. To date, only one
trial has been reported and showed no difference in OS between patients receiving either early
or late (relapse) HDT; however, the time without symptoms and toxicity (TwisTT) favored the
early-transplant cohort (/7). The results of the South West Oncology Group trial are awaited.

Taking these data in the context of the HDT vs conventional trials, the results to date would
suggest that all eligible patients should receive HDT. Although the timing of this in the disease
course remains unclear, it is probably prudent to collect PBSCs/BM at either diagnosis or at
maximum response to ensure that an adequate harvest is available to support a subsequent
high-dose procedure.

1.3. Tandem Transplants

In order to improve the response rates and increase the survival, a number of groups are
investigating the use of further courses of intensification therapy following the initial high-
dose procedure. Results from the Arkansas group have shown that this approach is very
effective (7,18). To date, three randomized trials comparing single HDT vs double HDT have
reported interim analyses. The approach appears to be feasible with the second HDT being
delivered in a timely fashion in approx 75% of patients with a low transplant-related mortality
(TRM). One trial reports an improved response rate and prolonged PFS and OS in the double-
HDT arm (19). However, the other two trials show similar response rates and OSs in the two
arms (20,21). Drawing conclusions from these studies is difficult at present, as results appear
to be conflicting and more follow-up is required (see Table 2).
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Table 1
Autologous Transplantation vs Conventional Chemotherapy for Newly Diagnosed Myeloma

Authors Patients (n) CR" (%) EFS® (median) 0S5 (median)
Barlogie et al. (7) Conventional b 116 — 22 mo 48 mo
HDT 123 40 49 mo 62 mo
Lenhoff et al. (8) Conventional 274 — 46% at 4 yr
HDT 274 34 27 mo 61% at 4 yr
Attal et al. (10) Conventional 100 5 18 mo 37 mo
HDT 100 22 27 mo 52% at 5 yr
Fermand et al. (12) Conventional 96 — 18.7 mo 50.4 mo
HDT 94 — 24.3 mo 55.3 mo
Blade et al. (13) Conventional 83 11 34.3 mo 66.9 mo
HDT 81 30 42.5 mo 67.4 mo
Childetal. (11) Conventional 200 8.5 19.6 mo 42.3 mo
HDT 201 44 31.6 mo 54.8 mo

“Abbreviations: CR, complete remission; EFS, event-free survival; OS, overall survival.

bHistorical controls.
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Table 2
Single vs Double Autologous Transplantaion for Newly Diagnosed Myeloma

Authors Patients (n) CR (%) EFS (median) OS (median)

Attal et al. (19) Single 88 50 20% at 5 yr 40% at 5 yr
Double 92 61 35% at 5 yr 60% at 5 yr

Fermand et al. (20) Single 94 37 No difference No difference
Double 99 42

Cavoetal. (21) Single 81 34 21.5 mo 71% at 4 yr

Double 97 41 29.5 mo 74% at 4 yr
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1.4. Different Conditioning Regimens

A number of groups have since modified the high-dose procedure conditioning regimen of
200 mg/m? melphalan by adding total-body irradiation (TBI=8 Gy) and reducing the melphalan
dose to 140 mg/m?. Data from the French Registry comparing high-dose melphalan (HDM)
with HDM and TBI showed no improvement in the CR rate, event-free survival (EFS), or OS
(22). A randomized trial addressing this question concluded that 200 mg/m? melphalan was
less toxic and at least as effective as melphalan with TBI, with similar PFS rates for both
conditioning regimens (23).

1.5. Contamination of Harvests

One of the major concerns regarding the reinfusion of autologous progenitor cells following
a high-dose procedure is contamination of the harvest with myeloma cells and whether these
cells have the ability to repopulate the marrow and contribute to relapse of disease. In the
majority of myeloma cases (70%), the contamination as measured by flow cytometry and
polymerase chain reaction (PCR) is less than 1 tumor cell in 10°~10* normal cells. The cases
with high tumor contamination tend to be those with persistent disease within the BM at the
time of mobilization (24). Using a more sensitive oligospecific PCR, which is able to detect
1 tumor cell in 10° normal cells, there is evidence of contamination in almost 100% of cases
(25). Whether these cells are clonogenic is a difficult question to address, but sensitive
immunophenotypic tests suggest that the cells within apheresis products have a phenotype
similar to myelomatous plasma cells from the BM but express lower levels of syndecan-1(26).
There is no definitive evidence from mouse studies regarding this matter, but, clearly, if these
cells are reinfused, they may contribute to disease relapse.

A number of groups have tried to reduce/eliminate the tumor contamination of harvests by
either depleting tumor cells or selecting normal hematopoietic progenitor cells by virtue of
CD34 expression from autologous bone marrow or peripheral blood stem cells (PBSCs) prior
to transplantation (27,28). Although these methods may achieve up to a 5 log depletion of
tumor cells without affecting engraftment, their clinical benefit is unproven because residual
tumor cells are detectable within both the graft and the patient. For purging to be effective, the
major source of contamination must be considered to be from the graft, with the patient being
tumor free, and previous trials of induction chemotherapy suggest that this is unlikely. A large
randomized study assessing the clinical benefits of CD34 selection in myeloma showed purg-
ing resulted in no difference in PFS or OS (29).

1.6. Prognostic Factors

A number of prognostic factors have been identified as important in predicting survival
post-HDT. To date, nearly all centers have identified B2 microglobulin (B2m) as the single
mostimportant prognostic variable, with patients with ahigh B2m atdiagnosis having a shorter
survival post-HDT (7,10,11). Patients with 11q breakpoints or partial/complete deletions of
chromosome 13 also fair worse following HDT (/8). When both B2m and chromosome 13
abnormalities are taken into account, a group of patients with a particularly poor outlook can
be identified (18,30).

The majority of studies have demonstrated that having chemosensitive disease at the time
of transplant is also an important prognostic factor (7,/0). The introduction of high-dose
chemotherapy has resulted in more patients attaining CRs, and, conceptually, attaining a CR
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is seen as the first step to achieving a cure. It has been suggested that the level of response after
high-dose chemotherapy may influence outcome and that patients who achieve a CR may have
an improved survival. A number of studies have shown an improved PFS and OS in patients
who attain a CR with negative immunofixation (/8,37,32), although studies using electro-
phoresis to define CR are less clear-cut.

1.7. Minimal Residual Disease Detection

Despite the increase in response rates and improvement in survival following HDT, several
studies have failed to show a plateau of survival, suggesting that all patients have residual
disease, which eventually leads to relapse (7,10).

The use of allogeneic and autologous transplantation has increased the CR rate and OS in
patients with myeloma, and in order to accurately assess the effects of such treatments, more
sensitive methods to assess residual disease have been introduced. PCR can be used to detect
rearrangements of the immunoglobulin heavy-chain region, although a target is only present
in approx 80% of patients. Consensus PCR approaches have sensitivities of up to 1 malignant
cell in 10* normal cells. Clonospecific methods are more sensitive (1 malignant cell in 10°
normal cells) but can be labor intensive and expensive. Flow cytometry offers a quick and
efficient method to detect malignant plasma cells with a sensitivity of greater than 1 in 10* and
may offer a clinically useful alternative to PCR.

An important question that needs to be fully addressed is whether the application of these
technologies can provide additional useful information compared to the simple monitoring of
serum or urinary paraprotein levels. A recent report has demonstrated that cases that were
immunofixation negative were also IgH PCR negative, using a fluorescent PCR with a sensi-
tivity of 1 in 10* (32). Allele-specific oligonucleotide (ASO)-PCR is more sensitive, and
although the number of cases studied are small, there is a suggestion that PCR-positive patients
have a shorter PFS compared to those patients who become PCR negative (33,34). These data
would therefore suggest that there is little additional benefit for using fluorescent IgH PCR to
monitor patients who become immunofixation negative and that if PCR monitoring is to be
clinically relevant, the more sensitive ASO-PCR approach should be used. Flow cytometry
offers an alternative method. A recent study suggests that patients who are immunofixation
negative and have sustainable levels of plasma cells with a normal phenotype posttransplanta-
tion have an improved survival compared to patients who are immunofixation negative with
plasma cells with a malignant phenotype (35).

2. ALLOGENEIC TRANSPLANTATION
2.1. Conventional Allogeneic Transplantation

Allogeneic BMT has not been widely used in the treatment of multiple myeloma because
of the high morbidity and mortality (up to 40%) associated with the procedure especially in
older patients. Experience drawn from the European Group for Bone Marrow Transplantation
(EBMT, 1983-1993 and 1994—-1998) on data from 690 patients showed approx 50% of patients
achieve a CR, with some of the responses durable (36,37). Residual clonal myeloma cells are,
however, still detectable by PCR posttransplantation, consistent with the lack of a plateau in
the survival curves and the continued late relapses (33). The stage at diagnosis, preconditioning
remission status, extent of previous treatment, and serum 2 microglobulin level were impor-
tant prognostic factors; males faired less well (36). Importantly, over the two time periods, the
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OS at 3 yrrose from 35% to 56% and TRM fell from 40-30%. This is presumed to be the result
of better patient selection and improved supportive care with a major reduction in bacterial and
fungal infections and interstitial pneumonitis.

The use of peripheral blood (PB) support rather than BM support has also had a major impact
on survival following allogeneic transplantation for myeloma. The more rapid engraftment
associated with PB has resulted in a reduced infection rate, and, importantly, graft-vs-host
disease (GVHD) appears to be manageable despite a greater dose of T cells infused with PB
than BM (37,38). Some studies even suggest that this rapid engraftment translates to an im-
proved OS (38).

In the majority of reports, the development of both acute and chronic GVHD has accounted
for significant morbidity and mortality, with incidences of up to 50%. T-Cell depletion of grafts
offers an approach to reducing the GVHD with a reduction in the associated morbidity and
TRM (39). However, there are some theoretical concerns regarding a possible increase in
infections and a decrease in the graft-vs-myeloma (GVM) effect.

Despite the high TRM of conventional allogeneic transplantation in myeloma, the assump-
tion that this mode of treatment is most likely to eradicate the myeloma cells and the possibility
of a significant GVM effect have encouraged its further consideration. Data from multiple
centers have shown that patients with relapsed hematological malignancies after alloBMT can
achieve marked clinical responses after infusions of lymphocytes collected from the marrow
donor (donor lymphocyte infusion [DLI]) as a result of a graft-vs-leukemia (GVL) effect. A
number of recent studies have reported the results of DLI for the treatment of relapsed myeloma
after alloBMT (40,41). In one study, there was evidence of response to DLI in 62% of cases,
providing further support for a GVM effect; however, GVHD occurred in 66% of patients and
contributed to a procedure-related mortality of 15% (40). One approach to maintaining the low
TRM butexploiting the GVM effect is to utilize CD8-depleted DLI 6—-9 mo after CD6-depleted
BMT. Alyea et al. reported the use of this approach in 24 patients with chemoresponsive
disease (41). A significant GVM effect was demonstrated following the DLI for persistent
disease in 10 patients (6 complete responses and 4 partial responses); unfortunately, this was
associated with 50% of patients developing GVHD. Of interest, 10 patients were unable to
receive DLI because of transplant-related complications, suggesting that for allogeneic trans-
plantation followed by DLI to be an effective strategy in myeloma, a transplantation regimen
with less toxicity is needed (see Table 3).

2.2. Low-Intensity Conditioning Regimens

A nonmyeloablative or “miniallogeneic” transplantation approach is currently undergoing
evaluation in many centers. The goal of this strategy is to reduce the conditioning-regimen-
related toxicity while attempting to take advantage of the GVM effect of allogeneic transplan-
tation. This approach uses immunosupression rather than cytoreduction to induce donor
engraftment with minimal toxicity. The approach can be used in older individuals or patients
who would otherwise not be eligible for conventional high-dose transplantation because of
underlying morbidity. This is particularly important in myeloma patients, as less than 10% of
patients are eligible for a conventional allograft (i.e., aged less than 55 yr with a human
leukocyte antigen [HLA]-matched sibling) and the TRM, as mentioned earlier, is high. A
number of conditioning regimens are being investigated using combinations of low-dose
radiotherapy, chemotherapy, and immunosuppressive agents. Initial reports using radiotherapy
with mycophenolic acid (MMF) and cyclosporine in end-stage myeloma patients were disap-
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Table 3

Representative Studies of Allogeneic Transplantation for Newly Diagnosed Myeloma

Patients (n) TRM (%) CR (%) OS (actuarial) EFS (actuarial)
Gahrton et al. (36) 162 41 44 28% at 84 mo 45% at 60 mo
Bensinger et al. (42) 80 44 36 20% at 54 mo 24% at 54 mo
Anderson et al. (40) 61 5 28 40% at 36 mo 20% at 38 mo

“T-Cell depleted.



Table 4
Representative Studies of Mini-Allogeneic Transplantation in Myeloma”

Acute Chronic
Conditioning n TRM CR GVHD GVHD PFS oS
o Badros et al. (44) Mel or Mel/TBI/Flu 31 10% early CR 61% 58% 32% 1 yr, 86% 1 yr, 86%
e 20% late PR 10%
Kroger et al. (46) PBSCT + Mel/FIu/ATG 17 18% CR 73% 63% 40% 2 yr, 56% 2 yr, 74%
PR 20%
Maloney et al. (45) PBSCT + TBI/MMF/cyc 31 16% CR 43% 45% 55% — 1 yr, 81%
PR 31%

“Nonmyeloablative therapy followed by allogenic peripheral blood stem cell transplantation (PBSCT).
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pointing because of poor engraftment and poor response rates. This was thought to be the result
of the high tumor burden at the time of transplantation (43). More recent studies have included
low-dose chemotherapy and are more encouraging. The Arkansas group report such an ap-
proach in 31 patients with myeloma (44). Melphalan, 100 mg/m? was used for sibling mini-
allogeneic transplantations and 100 mg/m? melphalan combined with TBI and fludarabine was
used for unrelated mini-allogeneic transplantations. Donor lymphocytes were administered to
induce full chimerism or to eradicate residual disease. Transplant-related mortality was 29%,
with 58% of patients with acute GVHD and 32% with chronic GVHD. Response rates were
very encouraging, with 61% of patients achieving at least anear CR in this heavily pretreated group.

In order to reduce the tumor burden before the mini-allogeneic transplant procedure, a
number of groups have been combining its use with a prior autologous transplant using
melphalan conditioning (45,46). The procedure is well tolerated, with a TRM of 16—-18% and
all patients achieving full donor chimerism. Response rates are good, with a high number of
patients achieving a CR (up to 73% using stringent criteria); however, the incidence of GVHD
is more than 50% (see Table 4).

All of these studies have relatively short follow-up, making comments on prolonging OS
difficult at this time. However, it remains clear that these approaches are feasible and appear
less toxic by reducing the early transplant-related complications and mortality. They also
retain the antitumor effect of the conventional transplantation regimen and are able to induce
CRs. However, it still remains unclear which is the best conditioning regimen, and modifica-
tions are required to reduce the incidence and intensity of GVHD, which is a major problem
currently. A number of approaches are under investigation, including combining a low-inten-
sity approach with DLI or reinfusion of subsets of lymphocytes (e.g., CD4) to induce GVM
without the GVHD, or including CAMPATH in the conditioning regimen.

3. OTHER STRATEGIES

Although the results from these studies of autografting in myeloma are encouraging, the
survival curves show no obvious plateau and suggest that HDT with stem cell support is not
a curative procedure. A number of new drugs are being evaluated as part of induction chemo-
therapy in order to increase the response rate prior to HDT. In many cases, the traditional VAD-
like regimens are being substituted by high-dose dexamethasone alone or with drug
combinations including thalidomide or the proteasome inhibitor PS-341. In order to target
residual malignant plasma cells in the BM at the time of transplant, a number of groups are
using antibody therapy during the conditioning; examples include holmium, anti-interleukin-
6, and anti-CD138.

One of the major obstacles to curing myeloma is the persistence of minimal residual disease
(MRD) after HDT and stem cell transplantation (SCT). Results with previous maintenance
therapy regimens have been disappointing. Trials with interferon or prednisolone results in a
small prolongation of survival (47,48). A number of approaches are therefore being developed
for the generation and enhancement of allogeneic and autologous antimyeloma immunity
posttransplantation. These include noncytotoxic approaches utilizing agents such as the tha-
lidomide derivatives, proteasome inhibitors, antibody-directed therapy, and immune-based
approaches. The most promising of these include thalidomide or its newer analogs, the
immunomodulatory drugs (IMiDs), a variety of vaccination strategies utilizing patient-spe-
cific idiotype, RNA, and DNA, immunization with dendritic cells pulsed with patient-specific
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idiotypic protein or immunization with fusions of myeloma cells with autologous dendritic
cells, or the infusion of autologous T cells expanded ex vivo against patient tumor cells.
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1. INTRODUCTION

Autologous hematopoietic progenitor cell transplantation (AHPCT), from either the bone
marrow or peripheral blood, allows for the administration of chemotherapy with a several-fold
increase in the drug doses. High-dose chemotherapy (HDC) achieves a higher tumor-cell kill
than standard-dose chemotherapy (SDC), with the goal of improving long-term outcome. In
this setting, nonhematopoietic organ toxicities become dose limiting (/). Improvements in
supportive care have produced a decrease in the morbidity and mortality associated with HDC
to a current toxic death rate of less than 5% in centers where large numbers of these procedures
are performed (2,3).

2. DOSE INTENSITY AND BREAST CANCER

Following observations of dose response in vitro, retrospective analyses suggested a clinical
correlation between dose intensity of chemotherapy and response rate and outcome in breast
cancer, both in the metastatic (4-6) and the adjuvant setting (7,8). Prospective studies of
conventional chemotherapy in patients with stage IV disease showed that decreasing the dose
below the standard range compromised the antitumor effect and palliative effects (9). In
contrast, trials testing minor increases in dose intensity of adriamycin (10), paclitaxel (1/1), or
epirubicin (/2—16) in metastatic breast cancer (MBC) failed to show a progression-free sur-
vival (PFS) or overall survival (OS) benefit.
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Similar observations have been made in the adjuvant setting. A prospective randomized trial
of cyclophosphamide, adriamycin and fluorouracil (CAF) administered to 1572 node-positive
patients in three dose intensity levels showed that patients receiving the intermediate and high
doses of these drugs had superior disease-free survival (DFS) and OS than those patients who
received the lowest dose (/7). Although there was no statistically significant differences in
outcome between the intermediate and high doses, a trend toward improvement was noted (/8).
A trial comparing 50-100 mg/m? of epirubicin within the FEC regimen 5-fluorouracil/
epirubicin/cyclophosphamide (FEC) regimen, showed improved DFS and OS for the higher
dose arm (/9). In contrast, other studies have not shown a benefit for increases in the doses of
cyclophosphamide (20,217) or adriamycin (22), with granulocyte colony-stimulating factor
(G-CSF) support, as part of adjuvant treatment.

The use of HDC with AHPCT is based on the hypothesis that major dose escalations within
the myeloablative range are needed to overcome tumor cell resistance and produce a meaning-
ful clinical improvement. Stem cell support allows for an increase in the dose well beyond
normal bone marrow tolerance (BM), with the goal of maximally capitalizing on the dose—
response curve of certain antineoplastic drugs. The first trials of HDC for breast cancer in the
mid-1980s were stimulated by the preclinical studies of Emil Frei III and colleagues (23,24).
In vitro data and the precedence of other settings where chemotherapy is curative, such as
leukemia or lymphoma, supported the use of multidrug combinations over single agents.
Alkylating drugs, such as cyclophosphamide (Cy), melphalan, cisplatin, carboplatin,
carmustine (BCNU), or thiotepa, were employed in those early trials of HDC for breast cancer,
given their steep dose-response effect, non-cross-resistance, and nonoverlapping extramed-
ullary toxicities (23).

3. METASTATIC BREAST CANCER

MBC is incurable in virtually all patients receiving standard-dose chemotherapy (25,26).
Median survival after detection of metastatic disease is 18 to 24 mo, ranging from a few months
to several years. Around half of a very selected group of chemotherapy-naive patients (i.e., not
previously exposed to adjuvant chemotherapy), with metastatic disease limited to one single
site, may be rendered long-term disease-free with conventional multidisciplinary treatment
(27, 28). Inthe vast majority of the cases, however, patients often experience an initial response
to standard-dose chemotherapy, but subsequently treatment loses activity as a result of the
emergence of resistance.

3.1. Recent Studies of Conventional-Dose Chemotherapy As First-Line
Treatment for Metastatic Breast Cancer

Since the appearance of adriamycin three decades ago, there has been minimal or no im-
provement in outcome resulting from the incorporation to first-line treatment of new drugs, in
some cases with remarkable activity, such as the taxanes. The disappointing results of the
Intergroup Eastern Cooperative Oncology Group (ECOG) 1193 study illustrate this point (29).
This trial compared first-line therapy with single-agent adriamycin, single-agent paclitaxel, or
both agents combined with G-CSF support, in 739 patients. The adriamycin/paclitaxel com-
bination improved the response rate, but showed no survival benefit over either drug alone.
Recent combinations of docetaxel with adriamycin, the two most active agents for breast
cancer, have disappointingly failed to improve outcome (30,31).
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The only progress in survival was reported by Slamon et al., who randomized 469 patients
to receive chemotherapy (either adriamycin/cyclophosphamide or paclitaxel) with or without
anti-HER?2 antibody trastuzumab, as first-line treatment for MBC (32). Median survival was
superior in the group of patients treated with chemotherapy plus trastuzumab compared to
those receiving chemotherapy alone (27 vs 22 mo, p=0.04).

3.2. HDC for MBC: Phase II Studies

The sequential strategies testing HDC for MBC are summarized on Table 1. The initial trials
in refractory MBC patients produced higher response rates than those previously reported with
standard-dose chemotherapy (33—36). Those responses, however, were short-lived and had no
demonstrated impact on OS. Results appeared to improve when HDC was moved upfront as
initial therapy for metastatic disease. Peters and colleagues at Duke University, treated 22
patients with newly diagnosed metastases, 64% of whom had previously received adjuvant
chemotherapy, with cyclophosphamide/cisplatin/BCNU (STAMP-I regimen) (37). Three
patients (14%) were disease free at the time of the initial publication, which was confirmed in
the update of this trial, with follow-up longer than 10 yr (38).

In a subsequent step, HDC was used as immediate consolidation after dose-intense
adriamycin-based induction chemotherapy, which was administered to maximally cytoreduce
the tumor prior to HDC. Several phase II trials testing this strategy, using either STAMP-I or
cyclophosphamide/thiotepa (carboplatin, consistently showed a long-term DFS rate of 15—
25% (Table 2) (39-43). Because HDC was shown to be most effective at a time of minimal
tumor burden, potent induction regimens, such as Aadriamycin/fluorouracil/methotrexate
(AFM) (44), were designed to provide substantial cytoreduction prior to HDC. The benefit of
posttransplant radiotherapy (RT) to sites of prior bulky disease was later demonstrated (45).
Long-term analysis of 212 MBC patients enrolled in prospective trials at the University of
Colorado evaluating standard-dose induction (AFM) followed by HDC (STAMP-I) and in-
volved-field RT as first-line therapy for metastatic disease, showed a 22% DFS rate and a 32%
OS rate after median and lead follow-up of 7 and 11 yr, respectively (Fig. 1) (46).

In parallel to these advances, the introduction of myeloid growth factors posttransplant,
peripheral blood progenitor cells (PBPCs) in place of BM, and other improvements in support-
ive care, reduced the treatment-related mortality (TRM) rate from the initial 15-20% rate to
the current 2-4% expected in experienced transplant units (2,3).

The 15-20% fraction of patients with chemosensitive MBC rendered long-term free of
disease in phase Il trials of HDC (Table 2) appeared to be substantially higher than the expected
long-term DFS of 0-3%, using conventional chemotherapy (25,47,48). These HDC results
generated great enthusiasm among physicians and patients for the use of HDC. The rapid
transfer of stem cell transplantation (SCT) technology from the academic environment to
community hospitals resulted in an explosive growth in the number of breast cancer patients
receiving HDC. Unfortunately, many patients received HDC out of a prospectively designed
clinical trial, despite the lack of results of randomized studies demonstrating that this approach
should be considered the standard of care. From 1992 to 1999, breast cancer was the most
common malignancy reported to the American Blood and Marrow Transplant Registry
(ABMTR) for which HDC and AHPCT was administered (2).

Detractors of HDC have argued that its promising results could be explained by patient
selection (younger age, better performance status), extensive staging bias, and the requirement
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Table 1. Sequential strategies of HDC for MBC

Median % Patients 9%DFS of patients
No. of follow-up  transplanted  DFS transplanted

Strategy Regimen patients mo in CR rate in CR Ref.

Refractory disease STAMP-1I 23 - 0 0% N/A 33

STAMP-V 16 - 0 0% N/A 34

Upfront therapy STAMP-1I 22 18 0 14% N/A 37
for untreated MBC

Consolidation after STAMP-1 245 67 25 16% 28 40

induction Cyl/thio 100 62 28 11% 31 43

STAMP-V 62 50 19 21% 31 41

HDC, high-dose chemotherapy; MBC, metastatic breast cancer; CR, complete remission; DFS, disease-free Survival;
STAMP-I; cyclophosphamide-cisplatin-BCNU. STAMP-V; cyclophosphamide-thiotepa-carboplatin; Cy/thio; cyclo-
phosphamide-thiotepa; N/A, not applicable.
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Table 2. Overall Results from Major Phase II Studies of HDC for Breast Cancer.

No. of

Setting patients High-dose regimen Medianfollow-up (mo) DFS rate Ref.
4-9 nodes 93 STAMP-1 84 72% 81
10+ nodes 85 STAMP-I 120 71% 80
67 HDST 48 57% 82
120 STAMP-1 84 64% 81
Inflammatory 55 STAMP-1 78 60% 81
carcinoma 46 STAMP-V 27 68% 88
17 Cy/mitox/mel 36 59% 90
22 CAVP/CCVP 46 45% 91
47 Several 27 58% 92

CR at
All Patients transplant

Metastatic 245 STAMP-I 67 16% 28% 40
chemosensitive 100 Cy/TT 62 11% 31% 43
62 STAMP-V 50 21% 31% 41
Metastatic NED 60 STAMP-1 62 52% 56
20 Cy/mitox/carbo 28 55% 60

(HDC, high-dose chemotherapy; DFS, disease-free survival; STAMP-I; cyclophosphamide (Cy)-cisplatin-BCNU. STAMP-V; Cy-thiotepa-
carboplatin; HDST: high-dose sequential therapy using Cy-vincristine-methotrexate-melphalan; CAVP; Cy-adriamycin-VP16; CCVP; Cy-cisplatin-
VP16; Cy/TT; Cy-thiotepa, NED, No evidence of disease; CR; complete remission.
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Fig. 1. Combined DFS and OS curves in the prospective phase Il trials of HDC (STAMP-I) as first-line
therapy for MBC patients (N=212) (University of Colorado BMTP).

of proven chemosensitivity (49,50). This controversy clearly underscored the need for mature
data from prospective, well-designed and adequately sized, randomized phase III trials.

3.3. Which MBC Patients Are Most Likely to Benefit From HDC?

Although the results from phase II trials of HDC in MBC were encouraging, it became clear
that the majority of MBC patients still relapsed after HDC. Several retrospective analyses
identified prognostic factors for outcome in this patient population. Dunphy et al. reported that
metastases in liver or soft tissues and prior chemotherapy were independent adverse predictors
of outcome (57). Ayash et al. observed that one site of disease and attainment of a complete
remission (CR) to induction chemotherapy were independent favorable predictors in their
series (52). Doroshow et al. reported that patients transplanted in CR, without liver metastases,
with less prior chemotherapy, and fewer metastatic sites had improved outcome (53). Rizzieri
et al. observed that visceral metastases, prior exposure to adjuvant chemotherapy, shorter
disease-free interval from initial diagnosis to metastatic recurrence, and hormone receptor
negativity, were adverse predictors (54). Analyses of patients with MBC reported to the
ABMTR indicated that chemotherapy responsiveness at transplant, length of initial disease-
free interval, central nervous system or liver metastases, number of sites of disease, prior
exposure to adjuvant chemotherapy, hormone receptor status, performance status, and age
were outcome predictors in this population (2,55). The DFS curves of MBC patients trans-
planted at Colorado with STAMP-I as first-line therapy based on disease status at transplant
and on the specific organ involved are shown on Fig. 2 and 3, respectively.

Overexpression of the HER2/neu oncogene, determined by immunohistochemical study of
the primary tumor (56,57) or detection of the serum levels of its extracellular domain, (58), has
also been identified as an adverse predictor of outcome in this population after HDC.

The hypothesis that good prognosis MBC patients might attain major benefit from HDC
early in the course of their disease was prospectively tested at the University of Colorado (59).
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Table 3. Randomized Trials in MBC

HDC Follow-up EFS rates OS rates
Trial Population n regimen (mo) HDC Control P HDC Control P
NCIC (64) Responsive 224 CMC 19 38% 24% 0.01 Med:24mo Med:28mo 0.9
Philadelphia (61,62) Responsive 184 STAMP-V 67 4% 3% 0.3 14% 13% 0.6
PEGASE 03 (65) Untreated 180 CT 48 27% 10% 0.0002 38% 30% 0.7
Tandem 25% 20% 39% 35%
IBDIS 1 (66) Untreated 110  VIC/CT 42 Med: 14 mo  Med: 9 mo 0.01 Med: 32 mo Med: 23 mo 0.1
25% 10% (*)
Duke crossover- 1 (69) CR 100 STAMP-1 75 Med: 9.7mo Med: 3.8 mo 0.006 N/E (#) N/E (#) N/E (#)
Tandem
GEBDIS (68) Untreated 92 CME x?2 14 Med: 14 mo  Med: 10 mo 0.05 Med:28mo Med:25mo 0.3
HR,
Duke crossover-2 (71)  Bone only 69 STAMP-I 59 17% 9% (*) 0.001 N/E #) N/E (#) N/E (#)
30% 18%
PEGASE 04 (67) Responsive 61 CMM NR Med: 35 mo  Med: 20 mo 0.06 Med:43mo Med:20mo 0.1

MBC, metastatic breast cancer; HDC, high-dose chemotherapy; EFS, event-free survival; OS, overall survival; NCIC; National Cancer Institute of Canada,
PEGASE, Programme d’Etude de la Greffe Autologue dans les Cancers du Sein, IBDIS , International Breast Cancer Dose Intensity Study, GEBDIS, German
Breast Cancer Dose Intensity Study, CR, complete response, HR, hormone refractory, CMC, cyclophosphamide-mitoxantrone-carboplatin, CT,
cyclophosphamide-thiotepa. CME, cyclophosphamide-mitoxantrone-etoposide, VIC, etoposide-ifosfamide-carboplatin, CMM, cyclophosphamide-
mitoxantrone-melphalan, NR, Not reported, (*), EFS rates are after salvage HDC in the observation arm, CR, complete response, N/E (#), not evaluable for
a direct OS comparison, because of crossover design.
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Fig. 2. DFS of MBC patients according to disease status at transplant (p=0.00001). Group 1: CR (com-
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bone sites: median DFS 1.2 yr. Group 3: PR (partial remission) / PR* (partial remission + bone lesions)
/ stable disease (SD): median DFS 0.75 yr (University of Colorado BMTP).
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Fig. 3. DFS of MBC patients treated in first line with STAMP-I. Group 1 (soft tissue): median DFS 2.9
years. Group 2 (visceral, not liver): median DFS 1.6 yr. Group 3 (bone/BM): median DFS 0.9 yr. Group
4 (liver): median DFS 0.5 yr (University of Colorado BMTP).

A phase II study of four cycles of adriamycin-based induction therapy followed by HDC with
STAMP-1, as first-line therapy for metastatic disease, was conducted in 60 consecutive stage
IV patients with oligometastases. These were defined as one or more sites of macroscopic
tumor that could be either resected en bloc and/or encompassed within a single RT field, and/
or less than 5% of BM involvement. Most patients had received previous adjuvant chemo-
therapy. At median posttransplant follow-up of 5 yr, the DFS and OS rates were 52 and 62%,
respectively, with median DFS and OS times of 4.3 and 6.7 yr, respectively (Fig. 4). HER2/
neu negative status and a single metastatic site were independent favorable predictors of
outcome (56). Similar results were reported by Abraham et al. using high-dose cyclophoph-
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Fig. 4.RFS and OS of stage I'V oligometastatic breast cancer patients after STAMP-I (N=60) (University
of Colorado BMTP).

amide/mitoxantrone/carboplatin in 20 patients with isolated supraclavicular lymph node
metastases, with a 55% DEFS rate at a median follow-up of 28 mo. (60). These results advocate
for closer follow-up after adjuvant treatment for early detection of relapses, and for the use of
early HDC in MBC with minimal disease. Randomized trials in this subset of MBC patients
should be considered in the future.

Conversely, we are currently able to identify patients with poor prognostic features who are
less likely to benefit from the first-generation HDC regimens. Newer high-dose regimens or
alternative HDC-based strategies are being explored for these patients.

3.4. Current Status of Randomized Trials Comparing HDC and Standard-Dose
Chemotherapy in MBC Patients

The “Philadelphia” PBT-1 study compared HDC with STAMP-V to maintenance conven-
tional chemotherapy with Cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) in 184
MBC patients (61). Stadtmauer and colleagues initially enrolled 553 patients who received
induction chemotherapy with CAF (n=507) or CMF (n=46). Of those, 303 patients (54%)
achieved a partial remission (PR) (n=247) or a CR (n=56). Of the 303 responding patients, 199
were randomized. Of these, 110 were allocated to the STAMP-V arm, and 89 to receive
maintenance CMF for 18 mo or until disease progression. After discarding 15 patients who
were considered ineligible after randomization, 184 were actually treated in study—101 in the
HDC arm and 83 in the CMF arm. In the latest update of this trial with a median follow-up of
67 mo, an intent-to-treat analysis showed no statistically significant differences between the
STAMP-V and the CMF arms in PFS rates (4 and 3%, respectively), time to progression (9.6
and 9.1 mo, respectively), or OS rates (14 and 13%, respectively) (62). Several aspects of this
trial have been criticized. First, it lacked sufficient power to detect clinically relevant differ-
ences: although it was originally designed with an 85% power to detect a doubling in median
OS time, it subsequently suffered a 45% dropout rate (34% before and 11% after randomiza-
tion). Second, only 45 patients in CR were randomized and treated, which confers on this trial
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only a 20% power to detect a 20% absolute difference in OS between both arms in this patient
subset (63). Thus, the Philadelphia trial did not address adequately the value of HDC for
patients in CR. This appears to be an important issue, as these patients, as well as those with
low tumor burden, seem to be those who may benefit most from HDC. Finally, in the group
of 139 patients in PR, the PR to CR conversion rate was surprisingly higher in the maintenance
CMF arm (9%) than in the HDC arm (6%). This strikingly low PR to CR conversion rate in the
transplant arm of the Philadelphia study is quite different than the vast majority of phase II
HDC trials, where PR to CR conversion rates of 20-60% are typically reported (39—43).

In the trial conducted by the National Cancer Institute of Canada, Crump et al. randomized
224 MBC patients responding to four cycles of an anthracycline- or taxane-based regimen to
two to four additional cycles or to one to two more cycles followed by HDC with Cy/
mitoxantrone/carboplatin (64). In their first analysis at short median follow-up of 19 mo,
significant differences in favor of the transplant arm were observed (38 vs 24% DEFS rate,
p=0.01), with no differences in OS (p=0.9).

Similar observations were made at the time of the first analysis of the French National trial
PEGASE-03 (65). Biron and collegues randomized 180 patients who responded to first-line
conventional treatment with FEC to high-dose Cy/thiotepa or to observation. At median fol-
low-up of 48 mo, statistically significant and fairly large differences in DFS were observed in
favor of HDC compared to the control arm: 1-yr DFS rate of 46 vs 20%, 2-yr DFS rate of 27
vs 10%, with median DFS times of 11 vs 7 mo (p=0.0002). No significant differences in OS
were observed yet in this first analysis: 1-yr OS 82% in both groups, 3-yr OS 38 vs 30%, and
median OS times of 29 vs 24 mo (p=0.7).

Crown and collaborators from the International Breast Cancer Dose Intensity Study (IBDIS)
group treated 110 patients with four cycles of doxorubicin-docetaxel followed by six cycles
of CMF , or HDC (66). Patients in the transplant arm received PBPC-supported sequential
cycles of ifosfamide (12 g/m?2)- carboplatin (AUC 18)-etoposide (1.2 g/m2), followed by Cy
(6 g/m?)-thiotepa (800 mg/m2), 3—6 wk apart. The TRM rates were 4 and 9%, respectively.
Overall response and CR rates were higher in the HDC arm (71 and 29%, respectively) than
in the control arm (44 and 6, respectively). At median follow-up of 42 mo, the study was
positive for its primary endpoint, even-free survival (EFS) (16% in the HDC arm vs 9% in the
SDC arm, p=0.01). There was a trend for an OS advantage in the HDC arm in an intent-to-treat
analysis (45 vs 37%, p=0.1), which reached significance in an analysis based on actual treat-
ment received (49 vs 35%, p=0.02).

Two other very small studies have been reported. In the French PEGASE-04 trial, Lotz et
al. randomized 61 responding MBC patients to additional conventional chemotherapy or HDC
with Cy/mitoxantrone/melphalan (67). There appeared to be large differences in favor of the
transplant arm in median PFS (35 vs 20 mo), median OS (43 vs 20 mo), and 5-yr OS rates (30
vs 18%), none of which reached statistical significance (p=0.06 and 0.1, respectively)because
of the very limited power of the trial.

Schmid et al. reported recently the first analysis of a German trial comparing tandem cycles
of high-dose Cy/mitoxantrone/etoposide to conventional treatment with six to nine courses of
adriamycin/paclitaxel in 92 untreated MBC patients (68). The CR rate and time to progression
were significantly superior in the transplant arm, without significant differences in OS at very
short follow-up of 14 months. While a benefit from HDC is suggested in these two trials, their
very small sample size clearly limits their ability to detect potentially meaningful differences.
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Finally, the Duke University group conducted two small randomized trials with a crossover
design, comparing early vs late use of HDC in MBC patients in CR and with bone-only disease,
respectively. In the first of those two trials, Peters and colleagues randomized 100 hormone-
refractory MBC patients who had achieved CR with AFM to immediate transplant with
STAMP-I or to observation (69). Patients in the observation arm were offered HDC at the time
of relapse. At median follow-up of 6.3 yr, median DFS times were 9.7 mo for the immediate
transplant arm, and 3.8 mo for the observation arm (p=0.006), with 6-yr DFS rates of 25 and
10%, respectively. Median OS times for the immediate transplant and observation arms were
2.34 and 3.57 yr, respectively (p=0.32), with 6-yr OS rates of 33 and 38%, respectively (70).

The second Duke trial randomized 69 patients with hormone-refractory MBC confined to
the bones, without prior chemotherapy for metastastic disease, and who did not experience
tumor progression after four cycles of AFM, to immediate HDC with STAMP-I followed by
RT of all bony metastases, or to RT and observation (7/). At median follow-up of 4.9 yr, all
34 patients in the observation arm had progressed, and most of them had subsequently under-
gone salvage transplant. The PFS rates significantly favored immediate transplant (17 vs 9%,
p=0.001). The overall PFS rate for all patients getting HDC (early or late) was 13%. The OS
rates were not significantly different between the immediate and late transplant arms (28 vs
22%). The OS was 23% for all transplanted patients.

The lack of a direct comparison between a HDC arm and a non-HDC control arm compli-
cates the interpretation of both of Duke trials. They both showed that early HDC improves DFS
or PES in those populations, but the OS analysis is obviated by the fact that patients in the
observation arms were salvaged with HDC.

In summary, currently available results from randomized trials in MBC reported to date are
inconclusive. A benefit in DFS in favor of HDC has been noted in seven of the eight trials, with
the only exception of the Philadelphia study. In contrast, no OS differences have yet emerged.
Because approximately half of all MBC survive at least 2 yr with conventional management,
adequate follow-up is necessary for any OS differences to be noticed. It is critical that the
Canadian and the French PEGASE O3 trials be allowed to mature, before any meaningful
conclusions regarding OS are made.

The inadequacy of drawing firm conclusions after preliminary analyses of the randomized
studies, particularly with respect to OS, cannot be overemphasized. A large retrospective
matched-pair survival comparison underscores this concept. Berry et al. compared the OS of
635 MBC patients enrolled in CALGB trials of SDC with that of 441 MBC patients treated with
HDC and registered at the ABMTR (72). This analysis was restricted to patients younger than
65 who had responded to a single chemotherapy regimen in the metastatic setting, with both
patient groups being matched for known prognostic factors. No OS differences were observed
during the first 2 yr after treatment, and only after the third year of follow-up did significant
differences emerge. The 3-yr and 5-yr OS rates in the HDC group (37 and 22%, respectively)
were significantly superior to those in the SDC group (27 and 13%, respectively, p=0.01).

The largest randomized HDC trial for MBC, the Canadian study, enrolled just over 220
patients. The small sample size of all these studies contrasts with the large accrual in trials of
conventional chemotherapy, where accrual of many hundreds or thousands of patients is the
rule. Mature follow-up becomes even more critical when the individual size of the trials is small.
No other randomized trials in MBC have been conducted or are currently open in the United
States, but several other trials are underway in Europe and may help clarify this crucial issue.
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4. HDC FOR HIGH-RISK PRIMARY BREAST CANCER

4.1. Recent Results of Conventional Chemotherapy As Adjuvant
Treatment for HRPBC

Most patients with high-risk primary breast cancer (HRPBC), defined by extensive axillary
node involvement (four or more positive nodes) or by inflammatory breast disease (IBC),
relapse after surgery and conventional-dose adjuvant chemotherapy (73,74). A retrospective
analysis by Hryniuk and Levine suggests that dose-intensity may have a greater impact on
survival in the adjuvant setting than in patients with MBC (7). However, most prospective trials
have failed to show an improved outcome from minor dose escalations, as previously discussed.

Small advantages have been recently achieved with the incorporation of taxanes and the
dose-density concept into conventional adjuvant chemotherapy. The large CALGB 9344 trial,
enrolling 3170 patients with node-positive disease, showed that the addition of four cycles of
paclitaxel to four cycles of adriamycin/cyclophosphamide (AC) resulted in modest but statis-
tically significant improvements in DFS (70 vs 65%, p=0.002) and OS (80 vs 77%, p=0.006)
(22). In the similarly designed and sized NSABP B-28 study, which enrolled 3060 node-
positive patients, the addition of four courses of paclitaxel after AC four courses of resulted
in a comparable small benefit in DFES (73 vs 70%, p=0.008), with no OS impact (p=0.46) at
median follow-up of 64 mo (75). In a third study, 524 patients with node-positive breast cancer
were randomized to receive four cycles of paclitaxel followed by four or courses of 5-
flurouracil/adriamycin/cyclophosphamide (FAC). Thus, the inclusion of paclitaxel, and not
the total duration of chemotherapy, was the only variable tested in this trial, in contrast to the
previous two studies. At median follow-up of 5 yr, a trend was noted in favor of the paclitaxel
arm in terms of DFS (86 vs 83%, p=0.09), without significant differences in OS (76).

The inclusion in the adjuvant therapy armamentarium of docetaxel, arguably the mostactive
single-agent for breast cancer, was evaluated in a multicentric randomized trial (77). In this
study, 1491 patients with node-positive disease were randomized to receive six cycles of CAF
or docetaxel/adriamycin/cyclophosphamide (TAC). At median follow-up of 33 mo, statisti-
cally significant differences in DFS and OS in favor of TAC were noted. Importantly, well-
powered and prospectively designed subset analyses according to the number of positive nodes
showed that only patients with one to three positive nodes benefited from the addition of
docetaxel. No differences in DFS (p=0.3) or OS (p=0.75) were observed between both treat-
ment arms in the HRPBC subset with four or more positive nodes.

A large randomized study tested AC and paclitaxel administered every 3 wk or every 2 wk
with G-CSF support in 2005 patients with node-positive disease (78). At median follow-up of
36 mo the dose-dense schedule produced superior DFS (86 vs 81%, p=0.01) and OS (92 vs
89%, p=0.01).

The incorporation of trastuzumab into adjuvant treatment for patients with HER2-positive
tumors appears very promising. Several randomized studies are currently testing this approach.

4.2. Phase II Studies of HDC in Patients With Multinode-Positive Breast Cancer

Peters and colleagues at Duke University pioneered the evaluation of HDC in HRPBC
patients. These authors conducted the first phase II trial of HDC with STAMP-I in 85 patients
with 10 or more involved axillary nodes (79). Atthe latest update of this trial, at median follow-
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Fig. 5.RFS curves of the prospective trials of HDC for HRPBC conducted at the University of Colorado.
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up of 11 yr, 72% of patients remained diseasefree (80). Long-term analysis of the Colorado
phase II trial in this patient group shows similar results with 64% DFS rate in 120 patients
analyzed at median follow-up of 7 yr, and lead follow-up of 11.5 yr (Fig. 5) (81).

Gianni and colleagues at the Italian National Cancer Institute in Milan, tested a sequential
high-dose single-agent approach with AHPCT in this patient population (82). At a median
follow-up of 4 yr, the DFS rate was 57%. In retrospect, this DFS rate appeared to be signifi-
cantly higher than that observed in the group of patients with 10 or more involved nodes that
received the most effective of two adriamycin-based SDC regimens that were compared in a
different randomized trial conducted at the same institution using the same selection criteria
and pretreatment staging as in Gianni’s HDC study (83).

Several investigators have tested HDC for patients with four to nine involved nodes. Bearman
etal. conducted a pilot trial in which 54 patients received four cycles of SDC with AC, followed
by HDC using STAMP-I (84). In an intent-to-treat analysis, a DFS rate of 71% was seen at a
median follow-up of 31 mo. These results have been reproduced by other groups (85,86). In
the latest update of patients with four to nine positive nodes transplanted at the University of
Colorado with STAMP-I, 72% of 93 patients were alive and free of relapse at median and lead
follow-up times of 7 and 10 yr, respectively (Fig. 5) (81).

4.3. Inflammatory Breast Cancer

Patients who present with IBC experience a very aggressive evolution of this disease, with
a 5-yr DFS rate of approx 35% following multimodal therapy with doxorubicin-based
neoadjuvant chemotherapy, surgery, adjuvant chemotherapy, and locoregional RT (87). In
prospective phase II trials at the Dana Farber Cancer Institute (88) and the University of
Colorado, (89) HDC was incorporated into a multimodal approach for this population. These
studies included neoadjuvant adriamycin-containing chemotherapy followed in the Dana



112 Nieto and Shpall

Farber study by STAMP-V and posttransplant mastectomy and in the Colorado trial by
pretransplant mastectomy and STAMP-I. In both studies, RT and tamoxifen for estrogen
receptor (ER)-positive patients were subsequently delivered. The DFS and OS rates in the
Dana Farber trial were 64 and 89%, respectively, at follow-up of 27 mo. At a recent update
of the Colorado trial with 55 patients enrolled, the DFS and OS rates were 60 and 67%,
respectively, at median follow-up of 6 yr and lead follow-up of 9 yr (Fig. 5) (81).

Several other phase II trials of HDC in IBC patients have shown similar DFS rates of 50— 60%
atmedian follow-up times of 30 to 46 mo (90-92). Overall, the promising results of these phase
II studies suggest a benefit from the inclusion of HDC in the multidisciplinary management of
patients with IBC. Randomized trials will be necessary to evaluate the potential benefits of
such strategy.

4.4. Predictive Factors for Relapse After HDC for High-Risk
Primary Breast Cancer

Somlo et al. analyzed 114 patients treated with two different HDC regimens at City of Hope
National Medical Center and followed for a median of 46 months (range: 23-93 mo) (91).
These authors observed that the risk of relapse was lower for patients with progesterone
receptor (PR)-positive tumors, and higher for patients with IBC, and that OS was better in
patients with tumors that were PR positive or ER positive, and worse in high-grade tumors. Of
all those, PR positivity was an independent favorable predictor of RFS and OS.

One hundred seventy-six patients treated at the University of Colorado with STAMP-I and
followed for a median of 45 mo (range: 12-84 mo), were analyzed for potential adverse
predictive factors (93). Tumor size, tumor grade, clinical IBC, ER/PR negativity, and nodal
ratio (number of positive nodes/number of sampled nodes) were associated with relapse. Nodal
ratio, tumor size, and ER/PR status had independent value, and formed the basis for the
following scoring system:

Score = (Nodal Ratio x 3.05) + (Tumor Size x 0.15) — (ER/PR x 1.15)

In this formula, tumor size is entered in cm, and ER/PR is assigned “1” if positive (i.e., ER
and/or PR are positive) and “0” if negative (both negative). Scores greater than or equal to 2.41
and less than 2.41 allocate patients to a high- or low-risk category, with risks of relapse of 65%
and 11%, respectively. The differences in RFS (p<0.000001) and OS (p<0.00005) were highly
significant (Fig. 6A). The model has 60% sensitivity, 90% specificity, 65% positive predictive
value, 88% negative predictive value, and 83% accuracy. This predictive model was subse-
quently validated in an external set of 225 patients treated at Duke University with STAMP-
I'and followed for amedian 46 mo (range: 4—27 mo) (Fig. 6B). The predictive value of the nodal
ratio, probably superior to that of the absolute number of positive nodes, has been subsequently
confirmed by other authors (94-96 ). Our model was further validated in a cohort of 71 HRPBC
patients, 53 with a low score and 18 with a high score, treated with STAMP-I at our program
and followed prospectively since 1997 (p=0.0004) (97).

Bitran et al. first reported a correlation between HER2/neu overexpression and risk of
relapse in 25 patients with 10 or more positive nodes after high-dose Cy (98). These results
were confirmed in a larger analysis of 146 HRPBC patients treated with STAMP-I at the
University of Colorado (Fig. 7) (99). In this study, HER2/neu was independent of and comple-
mented the clinical variables that compose the predictive score described earlier.
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Fig. 6. RFS and OS curves of HRPBC patients treated with HDC (STAMP-I) at Colorado (n=176)
(Figure 5A) and Duke (n=225) (Figure 5B), stratified according to their predictive score.
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Fig. 7. RFS of HRPBC patients treated with STAMP-I at the University of Colorado BMTP, according
to HER2/neu status.

4.5. Current Status of the Randomized Trials of HDC vs SDC for HRPBC

As with MBC, uncontrolled phase II trials in this setting suggested an advantage for recipi-
ents of HDC, as compared to historical controls treated with SDC. This apparent improvement
in outcome has been attributed by some authors to a stage-migration phenomenon, resulting
from extensive pre-HDC staging, and to patient-selection bias (/00,101). In contrast, the com-
parison made by Gianni etal. between their two trials of HDC and SDC, using the same selection
criteria and pretreatment staging tests, argues against the relevance of these hypotheses.
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The first comparative results came from two very small randomized phase II trials. In the
Netherlands Cancer Institute trial conducted by Rodenhuis et al., 81 patients with axillary level
III involvement detected by infraclavicular lymph-node biopsy received neoadjuvant FEC,
followed by surgery, one postoperative cycle of FEC, and were then randomized to HDC with
Cy/thiotepa/carboplatin, or to observation (/02). All patients received locoregional RT and
tamoxifen. The final intent-to-treat analysis of the trial, at median follow-up of 6.9 yr, did not
show significant differences between the HDC and control arms in DFS (49 vs 47.5%, p=0.3)
or OS (62.5 vs. 61%, p=0.8). This study employed a nonstandard procedure, an infraclavicular
single lymph-node biopsy, to determine eligibility, instead of a standard axillary node dissec-
tion to ascertain the number of nodes involved. In the M.D. Anderson Cancer Center trial,
Hortobagyi and colleagues randomized 78 patients, with or more 10 positive nodes after
upfront surgery or 4 or more positive nodes after preoperative chemotherapy, to eight cycles
of FAC, followed by two cycles of dose-intensive Cy, etoposide, and cisplatin (DICEP) or no
further therapy (/03). Patients in both arms received RT and tamoxifen. At median follow-up
of 53 mo range: 7-85 mo), DFS and OS were not significantly different between both arms.
This trial was prematurely closed because of slow accrual. The DICEP regimen has been
proven to be nonmyeloablative (/04,105) and is not considered HDC by most experts. It is
worthwhile noting that these two small studies were only marginally powered to detect abso-
lute outcome differences of at least 30%, which, if present, would have been of a greater
magnitude than the overall impact of adjuvant chemotherapy for breast cancer compared to no
treatment at all. Thus, none of these two small studies contribute meaningfully to our under-
standing of whether HRPBC patients benefit or not from HDC.

Subsequent to these two studies, the first preliminary analyses of larger phase III trials were
reported (Table 4). Rodenhuis and colleagues presented the Netherlands Working Party on
Autologous Transplantation in Solid Tumors (NWAST) study, which enrolled 885 patients
with four or more involved lymph nodes (/06). Patients received four cycles of FEC followed
by one more cycle of FEC or high-dose CTC (6 g/m? cyclophosphamide, 480 mg/m? thiotepa,
and 1600 mg/m? carboplatin) with PBPC support. At median follow-up of 57 mo, there was a
trend for an EFS advantage in favor of HDC (65 vs 59%, p=0.09), with no detectable OS
differences. The EFS of those patients randomized to HDC who were actually transplanted
appeared superior to those in the control arm (p=0.03). Prospectively planned subset analyses
showed that HDC improved EFS among patients with 10 or more involved nodes (68 vs 49%,
p=0.05). In the four to nine node group, EFS rates were 72% (HDC) vs 65% (SDC) (p=0.5).
Other subgroup analyses, which were unplanned, suggested that patients younger than 40 yr
old (p=0.05), with HER2-negative disease (p=0.02), or with lower grade tumors (p=0.002)
might benefit from HDC.

In the Intergroup CALGB 9082 trial, Peters et al. enrolled patients with 10 or more positive
nodes identified after a standard axillary dissection (/07). Eligible patients received four
cycles of CAF and were randomized to high-dose STAMP-I or to a single cycle of the same
three-drug combination at intermediate doses (IDS) with G-CSF support (900 mg/m? Cy,
cisplatin, and 90 mg/m> BCNU [CCB]). This study, designed to detect a 14% absolute differ-
ence in DFS at 5 yr, randomized 785 patients, 394 to the HDC arm, and 391 to the ID arm.
Twenty-five patients who relapsed on the ID arm (15%) received subsequent salvage HDC. All
patients were scheduled to receive locoregional RT, and, if hormone receptor-positive,
tamoxifen for 5 yr. Patients in the HDC arm were less likely to initiate RT after systemic
therapy than patients allocated to the ID arm (78 vs 89%, p<0.001), because of toxicity asso-
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Table 4. Randomized T'rials in HRPBC (N>300)

Population Follow-up % DFS %08

Trial (# + nodes) n HDC regimen (yrs) HDC Control p HDC Control p

NWAST (106) 4 885 CTC 4.75 65 59 0.09 NR NR NS

CALGB (107) 10 785  STAMP-I 5.1 61 60 0.49 70 72 0.23

Anglo-Celtic (113) 4 605 CT 4 51 54 0.6 63 62 0.8

ECOG (110) 10 540 CT 6.1 55 48 0.1 58 62 0.3

SBCG (111) >5-8 525 STAMP-V 5 47 52 0.11 56 60 0.29
Tandem

WSG (116) 10 403 ECT«x2 3.25 60 43 0.001 76 66 0.05
Sequential

Milan (117) 4 382  single agents 4.3 65 62 NS 77 76 NS

IBCSG (118) 10 340 ECx3 3.9 57 46 0.1 73 64 0.2

PEGASE 01 (115) >7 314 CMM 2.75 71 55 0.002 84 85 0.33

GABG (114) 10 302 CTM 3.7 58 46 0.09 NR NR NS

HRPBC, high-risk primary breast cancer; HDC, high-dose chemotherapy; DFS, disease-free survival; OS, overall survival; NWAST,
Netherlands Working Party on Autologous Transplantation in Solid Tumors. CALGB, Cancer And Leukemia Group B, ECOG, Eastern
Collaborative Oncology Group. SBCG, Scandinavian Breast Cancer Group. WSG, West German Study Group, IBCSG, International
Breast Cancer Study Group, GABG, German Autologous Bone Marrow Transplant Group, CTC, cyclophosphamide-thiotepa-carboplatin,
ECT, epirubicin-cyclophosphamide-thiotepa, CMM, cyclophosphamide-mitoxantrone-melphalan, CTM, cyclophosphamide-thiotepa-
mitoxantrone, NR, not reported, NS, not significant.
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ciated with STAMP-I (108). At median follow-up of 5 yr, the intent-to-treat DFS was 61% in
the HDC arm and 60% in the ID arm (p=0.5). There were fewer relapses in the HDC arm (32.2%
[95% CI, 27-37.8%]) than in the ID arm (42.7.1% [95% CI, 37.1-48.5%]). This represents a
31% relative reduction in the frequency of relapses, consistent with a dose-response effect.
However, there were 32 toxic deaths (8.1%) in the HDC arm, most of them in women older than
50, vs none in the ID arm. Centers transplanting more than 50 patients tended to have lower
TRM than those performing fewer transplants. Thus, analysis of events was dominated by toxic
deaths in the HDC arm and by relapses in the ID arm. No significant difference in OS was
observed (70 vs.72%, p=0.2). Atcurrentlead follow-up of 10 yr, the OS in both arms is superior
to any previous experience in CALGB or any other study of conventional chemotherapy in this
population. Although the outcomes in the HDC arm were as predicted from the pilot phase 11
study (79,80) patients in the ID arm have fared much better than expected during the design
of the trial. The reasons for this are unclear, and may include the clinical benefit from the
addition of one cycle of G-CSF-supported CCB at the end of treatment, extensive pre-enroll-
ment staging, or the confounding effect from salvage HDC.

A companion study compared quality of life after treatment in 210 patients enrolled in
CALGB 9082 (106 on the STAMP-I arm and 104 on the ID arm). There were significant
differences in favor of the control arm at the 3-mo time point, but quality-of-life scores were
virtually identical between both arms at 1, 2, and 3 yr (109).

Tallman and colleagues from the ECOG randomized 540 patients with 10 or more involved
nodes to receive six cycles of CAF with or without consolidation with high-dose Cy (6 g/m?)—
thiotepa (800 mg/m?) with BM support, and toward the end of the study with PBPC support
(110). Atmedian follow-up of 6.1 yr, there were no significant differences between the HDC
and the SDC arms in EFS (55 vs 48%, p=0.1) or OS (58 vs 62%, p=0.3). Among patients
meeting strict protocol eligibility, EFS appeared higher in the HDC arm (55 vs 45%, p=0.04).
There were nine fatal toxicities in the transplant arm, eight of whom had received BM support,
and nine cases of secondary leukemia/myelodysplastic syndrome.

Bergh and colleagues from the Scandinavian Breast Cancer Group enrolled 528 patients with
either eight or more involved nodes, or five or more involved nodes with an ER-negative and high
S-phase fraction tumor (//1). Patients were randomized to receive nine cycles of individually
tailored dose-intensive FEC, or three cycles of conventional FEC, followed by HDC with
STAMP-V. Doses in the tailored dose-intensive FEC arm were escalated to as high as 120 mg/
m? of epirubicin and 1800 mg/m? of Cy per cycle, according to the blood nadir counts of the
preceding cycle. All patients in both arms received RT and tamoxifen for 5 yr. None of the usual
staging tests in HDC clinical trials were performed before randomization to exclude women with
metastatic disease. As it has been pointed out, (//2), the total chemotherapy doses in the tailored
dose-intensive arm significantly exceeded that of the HDC arm. At median follow-up of 34 mo,
the DFS rates in the STAMP-V and the tailored FEC arms were 65 vs 72% (p=0.04), and their
respective OS rates were 77 vs 83% (p=0.1). Despite the short follow-up, eight cases of second-
ary myelodysplastic syndrome/acute leukemia (3.2%) had already been noticed in the tailored
FEC arm, and more cases are likely to be detected. Two patients in the STAMP-V arm (0.7%)
died from acute regimen-related toxicity. The main question that arises in the interpretation of
this trial is deciding which one truly constitutes the higher dose arm, as the “control” armreceived
doses well above those considered standard, as well as higher total cumulative doses than pa-
tients randomized to the HDC arm. Neither this trial nor the CALGB study contained a control
arm receiving a chemotherapy regimen that can be considered standard.
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In the Anglo-Celtic trial, Crown et al. randomized 605 patients with four or more positive
nodes to receive either HDC (Cy/thiotepa) or maintenance CMF, following four cycles of
adriamycin at 75 mg/m?(113). Atmedian follow-up of 4 yr, no differences were noted between
the transplant arm and the control arm in the whole study file in terms of DFS (51 vs 54%,
p=0.6) or OS (63 vs 62%, p=0.8). However, an unplanned evaluation of the first 100 patients
enrolled revealed fairly large differences in favor of the transplant arm (59 vs 43%).

In the first analysis of the German trial enrolling patients with 10 or more involved nodes,
Zander et al. reported a substantial DFS advantage for the transplant arm in those patients
with longest follow-up, with 6-yr actuarial DFS rates of 50 and 25%, respectively (//4). No
DFS or OS differences were noted for the whole study file of 302 patients at median follow-
up of 3.7 yr.

The first analyses of the French PEGASE 01 and the West German Study Group (WSG)
studies showed large differences in DFS were noted in favor of the transplant arm in both trials.
In the first one, Roché and colleagues randomized 314 patients with more than seven involved
lymphnodes toreceive four cycles of FEC followed by HDC with Cy/mitoxantrone/melphalan
or observation (/75). Atshort median follow-up of 33 mo, there were statistically significant
differences in DFS (71 vs 55%, p=0.002), but not in OS (84 vs 85%, p=0.3).

Nitz and colleagues from the WSG enrolled 403 patients with 10 or more positive nodes
(116). The control arm consisted of a modern dose-dense sequential regimen of four cycles
of EC followed by six courses of CMF, all every 2 wk with G-CSF support. The HDC arm
included two cycles of EC followed by tandem cycles of epirubicin (90 mg/m2)-Cy (3000 mg/
m?)-thiotepa (400 mg/m?), administered 4 wk apart with PBPC support. Neither arm had any
TRM. At median follow-up of 39 mo, there was clear superiority of the transplant arm in EFS,
the primary endpoint of the study (62 vs 48%, p=0.001), with a trend towards improved OS,
the secondary endpoint (75.6 vs 66%, p=0.05).

Gianni and colleagues compared their sequential high-dose single-agent approach to con-
ventional chemotherapy in 382 patients with four or more positive nodes (//7). High-dose
sequential treatment consisted of one cycle of Cy, followed by one course of methotrexate with
leucovorin rescue, two cycles of epirubicin and one last course of thiotepa/melphalan, this last
one with stem cell support. At median follow-up of 52 mo, no differences in DFS (65 vs 62%)
or OS (76 vs 77%) were noted between the high-dose sequential and the control arms. A
possible DFS advantage in favor of the HDC arm was suggested in the subset of younger
patients and in those with four to nine positive nodes.

Russell and colleagues from the International Breast Cancer Study Group (IBCSG) random-
ized 344 patients to four cycles AC/EC followed by three cycles CMF, or to a dose-intense arm
with three cycles of epirubicin (200 mg/m?)-Cy (4 g/m?) every 3 wk with PBPC support (118).
Approximately 70% of all patients had 10 or more involved nodes, and 30% had five to nine
involved nodes with an ER or a T3 tumor. In its first analysis at a median follow-up of 4 yr,
the observed differences in favor of the dose-intense arm did not reach statistical significance
for EFS (57 vs 46%, p=0.1) or OS (73 vs 64%, p=0.2).

The controversy about the efficacy of HDC for HRPBC remains far from settled. Once
again, we need to bear in mind that the ascertainment of a potential benefit of HDC over SDC
requires mature follow-up, and that premature evaluation of randomized trials can be mislead-
ing. The European Parma study for aggressive non-Hodgkin’s lymphoma illustrates this point.
Preliminary analyses of this study were negative (//9,120), and only after the appropriate
duration of follow-up did statistically significant differences become apparent, with 5-yr DFS
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rates of 46 and 12% for the HDC and control arms, respectively, at the time of the definitive
analysis (121).

Median time to relapse of HRPBC patients after SDC is around 2 to 3 yr. In contrast, the
majority of relapses after HDC occur within that time period (Fig. 3). Therefore, early analyses
will detect most of the relapses in the transplant arms, but only around half the recurrences in
the control arms. Furthermore, in the analysis of OS, another 2 yr of median survival after
metastatic recurrence need to be considered. All of these facts make long-term follow-up even
more necessary in adjuvant than in metastatic studies.

5. POTENTIAL LINES OF IMPROVEMENT OF HDC FOR BREAST CANCER

5.1. New HDC Regimens

There is a pressing need to improve HDC for breast cancer. Itis unlikely that first-generation
high-dose regimens developed 15 yr ago, such as STAMP-I or STAMP-V, would end up being
the optimal stem cell-supported high-dose combinations. While the randomized trials, initiated
a decade ago, are testing those old HDC regimens, several new strategies are being actively
pursued. These include the development of new HDC regimens, tandem or multiple trans-
plants, or combination of HDC with treatments with novel mechanisms of action targeting
posttransplant minimal residual disease (MRD).

A critical review of the first generation of high-dose regimens shows that there is ample
room for improvement. Although cisplatin and carboplatin are active drugs in first-line treat-
ment for breast cancer, (122,123), they are only escalated twofold above conventional chemo-
therapy in the STAMP-I and STAMP-V regimens, respectively. Both regimens also include
Cy, at doses from 5625 to 6000 mg/m?, administered over 3d (STAMP-I) or 5d (STAMP-V).
Two randomized studies conducted by the National Surgical Adjuvant Breast and Bowel
Project (NSABP) tested dose escalations of Cy, combined with adriamycin, in the adjuvant
treatment of node-positive patients (20,27). No improvement in DFS or OS were observed
from up to fourfold increases in the dose intensity of Cy (2400 mg/m? every 3 wk) or its total
dose (9600 mg/m? over four cycles). The failure of such substantial dose increments of Cy to
improve outcome raises serious concerns about its inclusion in high-dose regimens for breast
cancer. A possible explanation for why Cy does not show an in vivo dose—response effect, in
contrast to the in vitro observations using 4-hydroxy-cyclophosphamide, stems from its phar-
macological properties. Cy is a prodrug that requires hepatic activation to 4-hydroxy-cyclo-
phosphamide, a P450-mediated metabolic step that is subject to saturation and multiple
drug—drug interactions (/24), such as inhibition by high-dose thiotepa when both drugs are
given concurrently as a continuous infusions, as in STAMP-V (7/25). Consequently, this
activation step has a high interpatient (/26) and intrapatient (/27) variability. Furthermore,
intrapatient differences between standard and high doses existin the metabolic pathways of Cy
and its metabolites, with significant increases in the inactivating reactions and reduction of
cyclophosphamide bioactivation at high doses, when compared to conventional doses (/28).

Current research efforts are testing high-dose combinations using other more potent drugs.
Although not alkylating agents, a dose-response effect has been shown with doxorubicin,
(129) paclitaxel, (130-132), and docetaxel, (133—135), the three most active agents in breast
cancer. Although the concern about the potential of doxorubicin for cardiotoxicity has pre-
vented its inclusion in most HDC regimens, Somlo et al. have shown the feasibility and
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acceptable cardiac tolerance of high-dose doxorubicin (165 mg/m2) in a 96-h continuous
infusion, combined with etoposide and Cy (736).

Myelosuppression is dose limiting when paclitaxel (/37) and docetaxel (138,139) are given
at conventional doses. In a phase I trial using AHPCT, the MTD of paclitaxel infused over 24
h, in combination with fixed doses of Cy and cisplatin, was established at 775 mg/m? (140).
This dose of paclitaxel is around threefold higher than its standard maximum tolerated dose
(MTD) in 24-h infusions (/4 1—-143). Paclitaxel has been subsequently incorporated into other
HDC regimens, either as a single (/44,145) or multiple cycles (/46—-148).

Docetaxel is currently considered the most active drug for breast cancer (/49). In addition,
the drug presents a dose-dependent and schedule-independent profile, in contrast to that of
paclitaxel (1/50,151). A phase I trial of stem cell-supported docetaxel in combination with
melphalan and carboplatin in patients with chemotherapy-refractory and heavily pretreated
disease is currently underway at the University of Colorado (/52). This trial has established
the MTD of docetaxel at 400 mg/m2, which represents a fourfold increment over its standard
dose. Initial evaluation of activity in patients with measurable disease shows a high level of
activity in this population with resistant breast cancer (96.5% response rate with 48% complete
responses).

Another hypothesis under evaluation speculates that more than one cycle of HDC may be
needed to eradicate metastatic disease. Dunphy etal. (/53) used two cycles of nonmyeloablative
dose-intense DICEP, with 25% DFS at 2 yr, which appeared comparable to the outcome after
asingle cycle of myeloablative HDC. Rapid delivery of multiple cycles of stem cell-supported
dose-intense nonmyeloablative chemotherapy has been shown to be feasible (154,155). Sev-
eral authors have investigated the delivery of tandem cycles of myeloablative HDC with
AHPCT after both cycles (156—158). The value of a second cycle of the same regimen remains
unclear, because the PR to CR conversion rate appears to decrease substantially from the first
to the second cycle of HDC (158).

A different approach involves the sequential use of different noncross-resistant combina-
tions. Ayashetal. (/59) treated chemosensitive MBC patients with melphalan followed, within
amedian of 35 d, by STAMP-V. At a median follow-up of 16 mo after the second transplant,
their 34% DFS rate did not appear different to results of a single HDC treatment. Preliminary
results were reported by Bitran et al. using the reverse sequence of Cy/thiotepa followed by
melphalan, with alonger median inter-cycle interval of 105 days (/60). The DFS rate was 56%
at a median follow-up of 25 mo from the first transplant. Whether the results of both studies
are significantly different is unclear, given their short follow-up and the overlapping ranges of
DFS rates.

More recent trials have incorporated new drugs to this strategy of sequential noncross-
resistant HDC cycles. Vahdat et al. treated 60 chemosensitive MBC patients with three sepa-
rate high-dose cycles of chemotherapy using sequential paclitaxel, melphalan, and STAMP-V,
with 30% DFS and 61% OS rates at median follow-up of 31 mo (/61/). Elias and colleagues
treated 58 patients with MBC previously untreated for metastatic disease with a short and
intensive induction treatment with two cycles of single-agent adriamycin, followed by tandem
HDC cycles with AHPC support, using STAMP-V preceded (n=32) or followed (n=26) by
high-dose melphalan/paclitaxel (/62). At median follow-up of 36 mo, the DFS and OS rates
were 46 and 66%, respectively, which appeared superior to those reported in previous phase
II trials conducted by this group, testing strategies of long induction (four cycles of AFM)



120 Nieto and Shpall

followed by one HDC cycle with STAMP-V (52) or long induction followed by sequential
cycles of high-dose melphalan and STAMP-V (159).

Other authors have reported less promising results with multicycle HDC. Hu et al. treated
55 MBC patients with four cycles of varying combinations of mitoxantrone, paclitaxel, thiotepa,
and cyclophosphamide, with AHPCT (/48). The actuarial 3-yr DFS rate (15%) did not appear
different from that observed in 55 contemporaneous MBC patients treated with a single cycle
of STAMP-I (19%).

In parallel with these inconclusive clinical trials, Teicher et al. described the phenomenon
ofacutein vivoresistance after HDC, after treating tumor-bearing mice with different sequences
of several drugs at high doses (/63). Tumors became chemoresistant after the first treatment
in an inversely proportional fashion to the length of the interval between treatments. Recent
invitroexperiments performed by Frei etal. also suggest that the specific sequence of alkylators
used may have a substantial influence on response (/64). These authors showed that initial
treatment with high-dose melphalan generates cross-resistance to subsequent alkylators by
increasing tumor-cell concentrations of glutathione and glutathione-S-transferase-y.

5.2. Strategies Targeting Posttransplant Residual Disease

The HER2/neu oncogene is overexpressed in 25-30% of breast cancer patients (/65).
Trastuzumab (Herceptin®), a humanized monoclonal antibodies targeting the HER2/neu re-
ceptor, has shown activity in HER2/neu-positive tumors (/66,167). Additionally, preclinical
experiments have demonstrated synergy between trastuzumab and cisplatin, carboplatin,
docetaxel, etoposide, and thiotepa (/68—171). Clinical studies of the combination of this
antibody with cisplatin, (/72) AC, or paclitaxel (32) showed an improved outcome compared
with the same chemotherapy alone. An early analysis of a pilot study currently underway at the
bone marrow transplant programs at Colorado and Duke suggests the safety of concurrent
administration of trastuzumab with HDC (STAMP-I), exploiting the synergy observed in vitro,
and in the post-transplant setting against MRD (773).

Pilot trials have shown the feasibility of SDC, such as adriamycin or paclitaxel, shortly after
recovery from transplant (/74,175). Autologous hematopoietic cells may be manipulated in
vitro to improve treatment outcomes. It may be possible to genetically modify hematopoietic
stem and progenitor cells, for instance, transductions with the multidrug resistance gene MDR-
1, to protect them from posttransplant myelotoxic chemotherapy (1/76—179).

Recent results demonstrate an important prognostic value for early posttransplant lympho-
cyte recovery in MBC patients (/80,181). In these studies, an absolute lymphocyte count on
d +15 greater than 500/mm? in peripheral blood was an independent favorable predictor of
outcome. These observations support the possibility of an important role for the immune
system in tumor control after HDC for MBC. The induction of autologous graft-vs-tumor
(GVT) effect with cyclosporin and other cytokines has been tested (/82—184). Ongoing re-
search efforts are testing innovative immune strategies for breast cancer patients receiving an
AHPCT, such as the use of interleukin-2 to increase mobilization of immune effector cells into
the graft(/85,186) or posttransplant reinfusion of ex vivo manipulated dendritic cells (/87,188)
or of autologous lymphocytes with granulocyte-macrophase colony-stimulating factor (/89).

Achievement of complete remissions with HDC may allow institution of innovative thera-
pies posttransplant to prevent recurrence by such immunologic approaches, or novel targeted
agents. All new therapies will require the scrutiny of controlled clinical trials.
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5.3. Purging of Stem Cell Grafts

PBPCs have replaced BM as the primary source of hematopoietic progenitors for AHPCT.
Although tumor burden may be lower in PBPC than in BM fractions (/90), breast cancer cells
can be detected in PBPC fractions of 10-40% of MBC patients, and of 5-20% of stage II-I11
patients (191-195). Detection of breast cancer cells in the BM at the time of HDC has been
correlated with an increased risk of relapse in HRPBC (/96—198), butnotin MBC (199). Most
post-HDC relapses in MBC patients occur in sites of prior disease, suggesting an insufficient
cytoreductive capacity of HDC, rather than a direct effect from tumor cells contaminating the
graft. Thus, the clinical impact of procedures directed at purging the graft of tumor cells will
probably have to be determined in the adjuvant setting.

Negative purging has been tested in patients with BM metastases. Pharmacological purging
achieved amean 2.5-log tumor cell depletion, with a marked engraftment delay (200). Studies
using immunomagnetic purging showed a mean 3-log depletion of cancer cells, with no pro-
longation of the engraftment times compared to historical controls (201). Both procedures
combined resulted in a4.5-log tumor cell depletion, (202) at the expense of substantial engraft-
ment delays (203).

Positive selection targets the CD34 antigen, expressed on 0.5-3% of normal BM cells and
PBPCs, including both the committed and, probably, the long-term reconstituting progenitor
cells. The CD34 antigen does not appear to be expressed on breast cancer cells (204). The
University of Colorado BMT Program reported a series of 155 breast cancer patients who
received HDC and a BM or PBPC graft that was CD34-selected with the Ceprate immuno-
adsorption device (205). CD34-selected stem cells effectively reconstituted immediate and
long-term hematopoiesis. An average 2-log tumor cell depletion was achieved. Patients receiv-
ing CD34-selected PBPCs experienced neutrophil and platelet recovery rates that were com-
parable to patients who received unmanipulated grafts. Long-term follow-up showed that the
durability of engraftment, immune reconstitution, DFS and OS, were comparable to patients
receiving unmanipulated hematopoietic cell fractions (206). A subsequent prospective ran-
domized study demonstrated that breast cancer patients who received HDC with an autologous
CD34-selected marrow graft had reduced marrow infusion-related toxicity, and comparable
neutrophil engraftment times and immune function recovery, and for those who receive greater
than orequal to 1.2 x 109 CD34+ cells/kg, comparable time platelet engraftment to women who
receive unselected buffy coat fractions of marrow (207).

Similar results were reported by Yanovich et al., who randomized 92 stage II-1V patients
who were randomized to receive CD34-selected PBPC, using the Isolex 300/300i device, or
an unselected peripheral blood graft (208). In this multicentric trial, there were no significant
differences between both groups in neutrophil or platelet engraftment, adverse events, or
outcome.

Because most patients still had detectable cancer cells present in their stem cell grafts
following CD34-selection, maximally effective purging may require the addition of a second
selection procedure. Preclinical studies have demonstrated a larger magnitude of tumor cell
depletion using combined positive and negative selection in a sequential fashion than simul-
taneously (averages 6.38-log and 4.29-log, respectively) (209). Mohr et al. purged the PBPC
products of 17 patients with simultaneous positive and negative (immunomagnetic) selection,
observing prompt and sustained engraftments (2/0). Negrin and colleagues transplanted 22
MBC patients with highly purified CD34+ Thy-1+ hematopoetic progenitors, using a com-
bined sequential approach of CD34 selection with the Isolex device followed by CD34+ Thy-
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1+ high-speed flow-cytometric cell sorting (2/1). Tumor cell depletion below the detection
of an immunofluorescence-based assay for cytokeratins was accomplished in six patients
whose apheresis products contained cytokeratin-positive cells. Hematopoietic engraftment
was rapid and sustained.

6. ALLOGENEIC HPCT FOR BREAST CANCER: EARLY RESULTS

Allogeneic BM or PBPC transplantation has been shown to confer an immune GVT effect
against hematologic malignancies. Anecdotal reports have suggested the existence of a poten-
tial GVT effect in breast cancer (2/2,273). Ueno and colleagues at M.D. Anderson treated 10
MBC patients with high-dose Cy/thiotepa/BCNU, followed by allogeneic PBPC transplanta-
tion from a matched sibling (2/4). Four patients who experienced tumor progression after
transplant had their immunosuppression reduced, and one received a donor lymphocyte infu-
sion. Two of those patients experienced regression of liver metastases in association with
exacerbation of acute graft-vs-host disease (GVHD).

A nonmyeloablative “mini-allotransplant” approach is under evaluation for breast cancer at
several institutions, incorporating less intense preparative regimens that can provide enough
immunosupression to allow engraftment of allogeneic stem cells. The goal is to attain a GVT
effect with less toxicity than after a full myeloablative allogeneic transplant. Initial promising
results using this approach have been reported in patients with metastatic renal cell carcinoma
(215,216) Ueno et al. treated seven MBC patients in CR/PR or stable bone-only disease with
a reduced intensity “mini-transplant” from a matched sibling donor (2/7). One patient con-
verted from PR to CR and three patients remained in stable disease at early follow-up. Bregni
and colleagues observed two partial responses in six MBC patients, concurrently with the
appearance of GVHD (2/8). Blaise et al. treated eight heavily pretreated MBC patients, none
of whom had responded at the time of their initial report (2/9).

This early and very limited experience, along with that obtained in other solid tumors,
suggests the relative safety of nonmyeloablative allogeneic transplantation for patients with
MBC. Withdrawal of immunosuppression seems necessary for tumor response. Although
different antigens mediate GVHD and GV T in preclinical models, the early clinical experience
seems to indicate that occurrence of GVHD is necessary for GVT, which suggests that both
events may be mediated by the same allorreactive T cells. More experience with this approach
is necessary to determine whether it can be considered a solid therapeutic option for patients
without bulky or progressive disease.

7. CONCLUSIONS

High-dose chemotherapy attempts to improve long-term therapeutic results in breast can-
cer, based on a solid rationale. While results from phase II studies were encouraging, an answer
to the important question of its relative merit over standard chemotherapy will only come from
the mature results of randomized phase I1I studies, most of which have only been analyzed in
a preliminary fashion with short follow-up. Such data will be forthcoming within the next few
years. In the meantime, it is imperative that research be continued to improve HDC regimens
and integrate them with novel strategies possessing different and potentially complementary
mechanisms of action.



Chapter 5 / AHPCT for Breast Cancer 123

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

REFERENCES

Peters WP, Henner WD, Bast RC, Schnipper L, Frei E III. Novel toxicities associated with high dose
combination alkylating agents in autologous bone marrow support. In: Dicke KA, Spitzer G, Zander AR, eds.
Autologous Bone Marrow Transplantation: Proceedings of the First International Symposium. Houstin, TX:
University of Texas Cancer Center, M.D. Anderson Hospital, 1986; pp 231-235.

Antman KH, Rowlings PA, Vaughan WP, et al. High-dose chemotherapy with autologous hematopoietic
stem-cell support for breast cancer in North America. J Clin Oncol 1997; 15: 1870-1879.

Damon LE, Hu WW, Stockerl-Goldstein KE, et al. High-dose chemotherapy and hematopoietic stem cell
rescue for breast cancer: Experience in California. Biol Blood Marrow Transplant 2000; 6:496-505.
Hryniuk W, Busch H. The importance of dose intensity in chemotherapy of metastatic breast cancer. J Clin
Oncol 1984; 2:1281-1288.

Hryniuk W, Frei E III, Wright FA. A single scale for comparing dose-intensity of all chemotherapy regimens
in breast cancer: Summation dose-intensity. J Clin Oncol 1998;16: 3137-3147.

Fossati R, Confalonieri C, Torri V, et al. Cytotoxic and hormonal treatment for metastatic breast cancer: A
systematic review of published randomized trials involving 31,510 women. J Clin Oncol 1998; 16:3439-3460.
Hryniuk W, Levine MN. Analysis of dose intensity for adjuvant chemotherapy trials in stage II breast cancer.
J Clin Oncol 1986; 4:1162—-1170.

Bonadonna G, Valagussa P. Dose-response effect of adjuvant chemotherapy in breast cancer. N Eng J Med
1981; 304:10-15.

Tannock IF, Boyd NF, DeBoer G, et al. A randomized trial of two doses of cyclophosphamide, methotrexate
and fluorouracil for patients with metastatic breast cancer. J Clin Oncol 1988; 6:1377-1387.

Hortobagyi GN, Bodey GP, Buzdar AU, et al. Evaluation of high-dose versus standard FAC chemotherapy
for advanced breast cancer in protected environment units: A prospective randomized study. J Clin Oncol
1987; 5:354-364.

Winer E. Berry D, Duggan D, et al. Failure of higher dose paclitaxel to improve outcome in patients with
metastatic breast cancer — Results from CALGB 9342. Proc Am Soc Clin Oncol 1998; 17:101a.
Habeshaw T, Paul R, Jones R, et al. Epirubicin at two dose levels with prednisolone as treatment for advanced
breast cancer: The results of a randomized trial. J Clin Oncol 1991; 9: 295-304.

Bastholt L, Dalmark M, Gjedde SB, et al. Dose-response relationship of epirubicin in the treatment of
postmenopausal patients with metastatic breast cancer: A randomized study of epirubicin at four different
dose levels performed by the Danish Breast Cancer Cooperative Group. J Clin Oncol 1996; 14:1146-1155.
Brufman G, Corajort E, Ghilezan N, et al. Doubling epirubicin dose intensity (100 mg/m?2 versus 50 mg/m?)
in the FEC regimen significantly increases response rate. An international randomized phase III study in
metastatic breast cancer. Ann Oncol 1997; 8:155-162.

Focan C, Andrien JM, Closon M, et al. Dose-response relationship of epirubicin based first-line chemotherapy
for advanced breast cancer: A prospective randomized trial. J Clin Oncol 1993; 11:1253-1263.
Fountzilas G, Athanassiades A, Giannakkais T, et al. A randomized study of epirubicin monotherapy every
four orevery two weeks in advanced breast cancer. A Hellenic Cooperative Oncology Group study. Ann Oncol
1997; 8:1213-1220.

Wood WC, Budman DR, Korzun AH, et al. Dose and dose intensity of adjuvant chemotherapy for stage II,
node-positive breast carcinoma. N Eng J Med 1994; 330:1253-1259.

Budman DR, Berry DA, Cirrincione CT, et al. Dose and dose intensity as determinants of outcome in the
adjuvant treatment of breast cancer. J Natl Cancer Inst 1999; 91:286-287.

Bonneterre J, Roché H, Bremond A, et al. Results of a randomized trial of adjuvant chemotherapy with FEC
50 vs. FEC 100 in high risk node-positive breast cancer patients. Proc Am Soc Clin Oncol 1998; 17:124a.
Fisher B, Anderson S, Wickerham DL, et al. Increased intensification and total dose of cyclophosphamide in
adoxorubicin-cyclophosphamide regimen for the treatment of primary breast cancer: Findings from National
Surgical Adjuvant Breast and Bowel Project B-22. J Clin Oncol 1997; 15:1858-1869.

Fisher B, Anderson S, DeCillis A, et al. Further evaluation of intensified and increased total dose of cyclo-
phosphamide for the treatment of primary breast cancer: Findings from National Surgical Adjuvant Breast
and Bowel Project B-25. J Clin Oncol 1999; 17:3374-3388.

Henderson IC, Berry D, Demetri G, et al. Improved outcomes from adding sequential paclitaxel but not from
escalating doxorubicin in an adjuvant chemotherapy regimen for patients with node-positive primary breast
cancer. J Clin Oncol 2003; 21:976-983.

Frei III E, Canellos GP. Dose: A critical factor in cancer chemotherapy. The Am J Med 1980; 69: 585-594.
Frei EIII, Antman K, Teicher B, et al. Bone Marrow Autotransplantation for solid tumors - Prospects. J Clin
Oncol 1989; 4:515-526.

Falkson G, Gelman RS, Leone L, Falkson CI. Survival of premenopausal women with metastatic breast
cancer. Long-term follow-up of Eastern Cooperative Group and Cancer and Leukemia Group B studies.
Cancer 1990; 66:1621.



124

Nieto and Shpall

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

48.

49.

50.

51.

Greenberg PA, Hortobagyi GN, Smith TL, et al. Long-term follow-up of patients with complete remission
following combination chemotherapy for metastatic breast cancer. J Clin Oncol 1996; 14:2197-2205.
Rivera E, Holmes FA, Buzdar AU, et al. Fluorouracil, doxorubicin, and cyclophosphamide followed by
tamoxifen as adjuvant treatment for patients with stage IV breast cancer with no evidence of disease. Breast
J 2002; 8:2-9.

Hortobagyi GN. Can we cure limited metastatic breast cancer? J Clin Oncol 2002; 20:620-623.

Sledge Jr GW, Neuberg D, Ingle J, et al. Phase III trial of doxorubicin (A) vs. paclitaxel (T) vs. doxorubicin
+ paclitaxel (A + T) as first-line therapy for metastatic breast cancer (MBC): An intergroup trial. Proc Am Soc
Clin Oncol 1997, 16:1a.

Nabholtz JM, Falkson G, Campos D, et al. A phase I1I trial comparing doxorubicin (A) and docetaxel (T) (AT)
to doxorubicin and cyclophosphamide (AC) as first-line chemotherapy for MBC. Proc Am Soc Clin Oncol
1999; 18:127a.

Mackey JR, Paterson A, Dirix LY, et al. Final results of the phase IIl randomized trial comparing docetaxel
(T), doxorubicin (A) and cyclophosphamide (C) to FAC as first line chemotherapy (CT) for patients with
metastatic breast cancer. Proc Am Soc Clin Oncol 2002;21: 35a.

Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a monoclonal antibody against HER2
for metastatic breast cancer that overexpresses HER2. N Engl J Med 2001; 344:783-792.

Peters WP, Eder JP, Henner WD, et al. High-dose combination chemotherapy with autologous bone marrow
support: A phase I trial. J Clin Oncol 1986; 4:646-654.

Eder JP, Antman K, Peters WP, et al. High dose combination alkylating agent chemotherapy with autologous
bone marrow support for metastatic breast cancer. J Clin Oncol 1986; 4:646-654.

Eder JP, Elias A, Shea TC, et al. A phase I-1I study of cyclophosphamide, thiotepa, and carboplatin with
autologous bone marrow transplantation in solid tumor patients. J Clin Oncol 1990; 8:1239-1245.
Williams SF, Bitran JD, Kaminer L, et al. A phase I-II study of bialkylator chemotherapy, high-dose thiotepa,
and cyclophosphamide with autologous bone marrow reinfusion in patients with advanced cancer. J Clin
Oncol 1990; 5:260-265.

Peters WP, Shpall EJ, Jones RB, et al. High-dose combination chemotherapy with bone marrow support as
initial treatment for metastatic breast cancer. J Clin Oncol 1988; 6:1368—1376.

Peters WP, Dansey R. New Concepts in the treatment of breast cancer using high-dose chemotherapy. Cancer
Chemother Pharmacol 1997; 40 (Suppl):S88-S93.

Jones RB, Shpall EJ, Ross M, et al. AFM induction chemotherapy followed by intensive alkylating agent
consolidation with autologous bone marrow support (ABMS) for advanced breast cancer: current results.
Proc Am Soc Clin Oncol 1990; 7:121.

Rizzieri DA, Vredenburgh JJ, Chao NJ, et al. Long term disease free survival for patients with metastatic
breast cancer undergoing aggressive induction therapy followed by high dose therapy with hematopoetic
support. Blood 1998; 92:323a.

Antman K, Ayash L, Elias A, etal. A phase Il study of high-dose cyclophosphamide, thiotepa, and carboplatin
with autologous bone marrow support in women with measurable advanced breast cancer responding to
standard-dose therapy. J Clin Oncol 1992;10: 102-110.

Williams SF, Gilewski T, Mick R, et al. High-dose consolidation therapy with autologous stem cell rescue
in stage IV breast cancer: Follow-up report. J Clin Oncol 1992; 10:1743-1747.

Laport GF, Grad G, Grinblatt DL, et al. High-dose chemotherapy consolidation with autologous stem cell
rescue in metastatic breast cancer: a 10-year experience. Bone Marrow Transplant 1998; 21:127-132.
Jones RB, Shpall EJ, Shogan J, et al. The Duke AFM program. Intensive induction chemotherapy for meta-
static breast cancer. Cancer 1990; 66:431-436.

Carter DL, Marks LB, Bean JM, et al. Impact of consolidation radiotherapy in patients with advanced breast
cancer treated with high-dose chemotherapy and autologous bone marrow rescue. J Clin Oncol 1999;
17:887-893.

University of Colorado BMTP, unpublished observations.

Decker DA, Ahman DL, Bisel HF, et al. Complete responders to chemotherapy in metastatic breast cancer.
Characterization and analysis. JAMA 1979; 242:2075-2079.

Powles TJ, Smith IE, Ford HT, et al. Failure of chemotherapy to prolong survival in a group of patients with
metastatic breast cancer. Lancet 1980; 1:580-582.

Smith GA, Henderson IC. High-dose chemotherapy (HDC) with autologous bone marrow transplantation
(ABMT) for the treatment of breast cancer: The jury is still out. In Hellman S, and Rosenberg SA, Important
Advances in Oncology 1995, pp 201-214, JB Lippincott Company, Philadelphia, 1995.

Rahman ZU, Frye DK, Buzdar AU, et al. Impact of selection process on response rate and long-term survival
of potential high-dose chemotherapy candidates treated with standard-dose doxorubicin-containing chemo-
therapy in patients with metastatic breast cancer. J Clin Oncol 1997; 15:3171-3177.

Dunphy FR, Spitzer G, Rossiter JE, et al. Factors predicting long-term survival for metastatic breast cancer
patients treated with high-dose chemotherapy and bone marrow support. Cancer 1994; 73:2157-2167.



Chapter 5 / AHPCT for Breast Cancer 125

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
1.

72.

Ayash LJ, Wheeler C, Fairclough D, et al. Prognostic factors for prolonged progression-free survival with
high-dose chemotherapy with autologous stem-cell support for advanced breast cancer. J Clin Oncol 1995;
13:2043-2049.

Doroshow JH, Somlo G, Ahn C, et al. Prognostic factors predicting progression-free and overall survival in
patients with responsive metastatic breast cancer treated with high-dose chemotherapy and bone marrow stem
cell reinfusion. Proc Am Soc Clin Oncol 14: 319a, 1995.

Rizzieri DA, Vredenburgh JJ, Jones RB, et al. Prognostic and predictive factors for patients with metastatic
breast cancer undergoing aggressive induction therapy followed by high dose therapy with autologous stem-
cell support. J Clin Oncol 1999; 17:3064-3074.

Rowlings PA, Williams SF, Antman KH, et al. Factors correlated with progression-free survival after high-
dose chemotherapy and hematopoietic stem cell transplantation for metastatic breast cancer. JAMA 1999;
282:1335-1343.

Nieto Y, Nawaz S, Jones RB, et al. Prognostic model for relapse after high-dose chemotherapy with autolo-
gous stem-cell transplantation for stage IV oligometastatic breast cancer. J Clin Oncol 2002; 20:707-718.
Kim YS, Konoplev SN, Montemurro F, et al. HER-2/neu overexpression as a poor prognostic factor for
patients with metastatic breast cancer undergoing high-dose chemotherapy with autologous stem cell trans-
plantation. Clin Cancer Res 2001; 7:4008—4012.

Bewick M, Chadderton T, Conlon M, et al. Expression of C-erbB-2/HER-2 in patients with metastatic breast
cancer undergoing high-dose chemotherapy and autologous blood stem cell support. Bone Marrow Trans-
plant 1999; 24:377-384.

Nieto Y, Cagnoni PJ, Shpall EJ, et al. Phase II trial of high-dose chemotherapy with autologous stem cell
transplant for stage IV patients with minimal metastatic disease. Clin Cancer Res 1999; 5:1731-1737.
Abraham R, Nagy T, Goss PE, Crump M. High dose chemotherapy and autologous blood stem cell support
in women with breast carcinoma and isolated supraclavicular lymph node metastases. Cancer 2000;
88:790-795.

Stadtmauer EA, O’Neill A, Goldstein LJ, et al. Conventional-dose chemotherapy compared with high-dose
chemotherapy plus autologous hematopoietic stem-cell transplantation for metastatic breast cancer. N Engl
J Med 2000; 342:1069-1076.

Stadtmauer EA, O’Neill L, Goldstein LJ, et al. Conventional-dose chemotherapy compared with high-dose
chemotherapy (HDC) plus autologous stem-cell transplantation (SCT) for metastatic breast cancer: 5-year
update of the ‘Philadelphia Trial’ (PBT-01). Proc Am Soc Clin Oncol 2002; 12:43a.

Livingston R, Crowley J. Commentary on PBT-1 study of high-dose consolidation versus standard therapy
in metastatic breast cancer. J Clin Oncol 1999; 17 (11S, November supplement):22-24.

Crump M, Gluck S, Stewart D, et al. A randomized trial of high-dose chemotherapy (HDC) with autologous
peripheral blood stem cell support (AHPCT) compared to standard chemotherapy in women with metastatic
breast cancer: A National Cancer Institute of Canada (NCIC) Clinical Trials Group study. Proc Am Soc Clin
Oncol 20: 21a, 2001 (abstr 82).

Biron P, Durand M, Roché H, et al. High dose thiotepa (TTP), cyclophosphamide (CPM) and stem cell
transplantation after 4 FEC 100 compared with 4 FEC alone allowed a better disease free survival but the same
overall survival in first line chemotherapy for metastatic breast cancer. Results of the PEGASE 03 French
protocol. Proc Am Soc Clin Oncol 2002; 21: 42a.

Crown, J, Perey L, Lind M, et al. Superiority of tandem high-dose chemotherapy (HDC) versus optimized
conventionally-dosed chemotherapy (CDC) in patients (pts) with metastatic breast cancer (MBC): The Inter-
national Breast Cancer Dose Intensity Study (IBDIS 1). Proc Am Soc Clin Oncol 2003; 22:23a.

Lotz J-P, Curé H, Janvier M, et al. Intensive chemotherapy and autograft of hematopoietic stem cells in the
treatment of metastatic breast cancer: Results of the national protocol PEGASE 04 [French]. Hematol Cell
Ther 1999; 41:71-74.

Schmid P, Samonigg H, Nitsch T, et al. Randomized trial of up front tandem high-dose chemotherapy (HD)
compared to standard chemotherapy with doxorubicin and paclitaxel (AT) in metastatic breast cancer (MBC).
Proc Am Soc Clin Oncol 2002; 21:43a.

Peters WP, Jones RB, Vredenburgh J, et al. A large, prospective, randomized trial of high-dose combination
alkylating agents (CPB) with autologous cellular support (ABMS) as consolidation for patients with meta-
static breast cancer achieving complete remission after intensive doxorubicin-based induction therapy (AFM).
Proc Am Soc Clin Oncol 1996;15: 121a.

Vredenburgh JJ. Personal communication.

Madan B, Broadwater G, Rubin P, et al. Improved survival with consolidation high-dose cyclophosphamide,
cisplatin and carmustine (HD-CPB) compared with observation in women with metastatic breast cancer
(MBC) and only bone metastases treated with induction adriamycin, S-fluorouracil and methotrexate (AFM):
A phase III prospective randomized comparative trial. Proc Am Soc Clin Oncol 2000; 19:48a.

Berry D, Broadwater G, Klein JP, et al. High-dose versus standard chemotherapy in metastatic breast cancer:
Comparison of Cancer and Leukemia Group B trials with data from the Autologous Blood and Marrow
Transplant Registry. J Clin Oncol 2002; 20:743-750.



126

Nieto and Shpall

73.
74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Bonadonna G, Valagussa P. Adjuvant systemic therapy for resectable breast cancer. J Clin Oncol 1985;
3:259-275.

Bonadonna G, Zambetti M, Valagussa P. Sequential or alternating doxorubicin and CMF regimens in breast
cancer with more than three positive nodes. Ten-year results. JAMA 1995; 273:542-547.

Mamounas EP, BryantJ, Lembersky BC, et al. Paclitaxel (T) following doxorubicin/cyclophosphamide (AC)
as adjuvant chemotherapy for node-positive breast cancer: Results from NSABP B-28. Proc Am Soc Clin
Oncol 2003; 22:4a.

Buzdar AU, Singletary SE, Valero V, et al. Evaluation of Paclitaxel in adjuvant chemotherapy for patients
with operable breast cancer: preliminary data of a prospective randomized trial. Clin Cancer Res 2002;
8:1073-1079.

Nabholtz J-M, Pienkowski T, Mackey J, et al. Phase III trial comparing TAC (docetaxel, doxorubicin, cyclo-
phosphamide) with FAC (5-flurouracil, doxorubicin, cyclophosphamide) in the adjuvant treatment of node
positive breast cancer patients: Interim analysis of the BCIRG 001 study. Proc Am Soc Clin Oncol 2002;21:36a.
Citron ML, Berry DA, Cirrincione C, et al. Randomized trial of dose-dense versus conventionally scheduled
and sequential versus concurrent combination chemotherapy as postoperative adjuvant treatment of node-
positive primary breast cancer: first report of Intergroup Trial C9741/Cancer and Leukemia Group B Trial
9741. J Clin Oncol 2003; 21:1431-1439.

Peters WP, Ross M, Vredenburgh JJ, et al. High-dose chemotherapy and autologous bone marrow suppport
as consolidation after standard-dose adjuvant therapy for high-risk primary breast cancer. J Clin Oncol 1993;
11:1132-1143.

Nikcevich DA, Vredenburgh JJ, Broadwater G, et al. Ten year follow-up after high-dose chemotherapy and
autologous bone marrow support as consolidation after standard-dose adjuvant therapy for high-risk primary
breast cancer. Proc Am Soc Clin Oncol 2002; 21:415a.

Nieto Y, Shpall EJ, Bearman SI, et al. Long-term analysis of high-risk primary breast cancer patients enrolled
in prospective trials of high-dose chemotherapy and autologous hematopoietic progenitor cell transplant. Biol
Blood Marrow Transplant 2003; 9:72a.

Gianni AM, Siena S, Bregni M, et al. Efficacy, toxicity and applicability of high-dose chemotherapy as
adjuvant treatment in operable breast cancer with 10 or more involved axillary nodes: Five-yearresults. J Clin
Oncol 1997; 15:2312-2321.

Buzzoni R, Bonadonna G, Valagussa P, et al. Adjuvant chemotherapy with doxorubicin plus cyclophospha-
mide, methotrexate and fluorouracil in the treatment of resectable breast cancer with more than three positive
nodes. J Clin Oncol 1991; 9:2134-2140.

Bearman SI, Overmoyer BA, Bolwell BJ, et al. High-dose chemotherapy with autologous peripheral blood
progenitor cell support for primary breast cancer in patients with 4-9 involved axillary lymph nodes. Bone
Marrow Transplantation 1997; 20:931-937.

Hussein A, Plummer M, Vredenburgh J, et al. High-dose chemotherapy (HDC) with cyclophosphamide,
cisplatin, and BCNU (CPB) and autologous bone marrow and peripheral blood progenitor cells for stage 11/
IIT breast cancer involving 4-9 axillary lymph nodes. Proc Am Soc Clin Oncol 1996; 15:350a.

De Graaf H, Willemse PHB, De Vries EGE, et al. Intensive chemotherapy with autologous bone marrow
transfusion as primary treatment in women with breast cancer and more than five involved axillary lymph
nodes. Eur J Cancer 1994; 30A,150-153.

Hortobagyi GN, Singletary SE, Strom EA. Treatment of locally advanced and inflammatory breast cancer.
In Diseases of the Breast (JR Harris, editor). Lippincott Williams & Wilkins, Philadelphia, 2000.

Ayash L, Elias A, Ibrahim J, et al. High-dose multimodality therapy with autologous stem cell support for
stage I1IB breast cancer. J Clin Oncol 1998; 16:1000-1007.

Cagnoni PJ, Nieto Y, Shpall EJ, et al. High-dose chemotherapy with autologous progenitor cell support as part
of combined modality therapy for inflammatory breast cancer. J Clin Oncol 1998; 16:1661-1668.

Viens P, Penault-Llorca F, Jacquemier J, et al. High-dose chemotherapy and haematopoietic stem cell trans-
plantation for inflammatory breast cancer: pathologic response and outcome. Bone marrow Transplant 1998;
21:249-254.

Somlo G, Doroshow JH, Forman SJ, et al. High-dose chemotherapy and stem-cell rescue in the treatment of
high-risk breast cancer: Prognostic indicators of progression-free and overall survival. J Clin Oncol 1997,
15:2882-2893.

Adkins D, Brown R, Trinkaus K, et al. Outcomes of high-dose chemotherapy and autologous stem-cell
transplantation in stage IIIB inflammatory breast cancer. J Clin Oncol 1999; 17:2006-2014.

Nieto Y, Cagnoni PJ, Xu X, et al. Predictive model for relapse after high-dose chemotherapy with peripheral
blood progenitor cell support for high-risk primary breast cancer. Clin Cancer Res 1999; 5:3425-3431.
Bolwell BJ, Andresen SW, Pohlman BL, et al. The prognostic importance of the axillary lymph node ratio
in autologous transplantation for high-risk stage II-I1I breast cancer. Proc Am Soc Clin Oncol 2000; 19:57a.
Présper F, Sola C, Hornedo J, et al. Prognostic factors for relapse after high-dose chemotherapy (HDC) and
stem cell transplant (SCT) in patients with high risk breast cancer (HRBC). Proc Am Soc Clin Oncol 2000;
19:147a.



Chapter 5 / AHPCT for Breast Cancer 127

96.

97.
98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Schneeweiss A, Goerner R, Hensel MA, et al. Tandem high-dose chemotherapy in high-risk primary breast
cancer: a multivariate analysis and a matched-pair comparison with standard-dose chemotherapy. Biol Blood
Marrow Transplant 2001; 7:332-342.

University of Colorado BMT Program, unpublished observations.

BitranJD, Samuels B, Trujillo Y, etal. Her2/neu overexpression is associated with treatment failure in women
with high-risk stage II and stage IIIA breast cancer (>10 involved lymph nodes) treated with high-dose
chemotherapy and autologous hematopoietic progenitor cell support following standard-dose adjuvant che-
motherapy. Clin Cancer Res 1996; 2:1509-1513.

Nieto Y, Cagnoni PJ, Nawaz S, et al. Evaluation of the predictive value of HER2/neu overexpression and p53
mutations in high-risk primary breast cancer patients treated with high-dose chemotherapy and autologous

stem-cell transplantation. J Clin Oncol 2000; 18: 2070-2080.

Crump M, Goss PE, Prince M, et al. Outcome of extensive evaluation before adjuvant therapy in women with
breast cancer and ten or more positive axillary lymph nodes. J Clin Oncol 1996; 14:66—69.

Garcia-Carbonero R, Hidalgo M, Paz-Ares L, et al. Patient selection in high-dose chemotherapy trials:
Relevance in high-risk breast cancer. J Clin Oncol 15: 3178-3184, 1997.

Schrama JG, Faneyte IF, Schornagel JH, et al. Randomized trial of high-dose chemotherapy and hematopoi-
etic progenitor-cell support in operable breast cancer with extensive lymph node involvement: final analysis
with 7 years of follow-up. Ann Oncol 2002; 13:689-698.

Hortobagyi GN, Buzdar AU, Theriault RL, et al. Randomized trial of high-dose chemotherapy and blood cell

autografts for high-risk primary breast carcinoma. J Natl Cancer Inst 2000; 92:225-233.

Dunphy FR, Spitzer G, Buzdar AU, et al. Treatment of estrogen receptor-negative or hormonally refractory
breast cancer with double high-dose chemotherapy intensification and bone marrow support. J Clin Oncol

1990; 8:1207-1216.

Neidhart JE, Kohler W, Stidley C, et al. A phase I study of repeated cycles of high-dose cyclophosphamide,
etoposide and cisplatin administered without bone marrow transplantation. J Clin Oncol 1990; 8:1728-1738.
Rodenhuis S, Bontenbal M, Beex LVAM, et al. High-dose chemotherapy with hematopoietic stem-cell rescue
for high-risk breast cancer. N Engl J Med 2003; 349:7-16.

Peters WP, Rosner G, Vredenburgh J, et al. Updated results of a prospective, randomized comparison of two
doses of combination alkylating agents (AA) as consolidation after CAF in high-risk primary breast cancer
involving ten or more axillary lymph nodes (LN): CALGB 9082/SWOG 9114/NCIC Ma-13. Proc Am Soc

Clin Oncol 2001; 20:21a.

Marks LB, Fitzgerald TJ, Laurie F, et al. Preliminary analysis of radiotherapy data from CALGB 9082:

Variability of treatment fields for local/regional breast cancer and the impact of high dose chemotherapy on
the ability to deliver radiation therapy. Int J Rad Oncol Biol Phys 1999; 45 (Suppl):195a.

Winer EP, Herndon J, Peters WP, et al. Quality of life in patients with breast cancer randomized to high dose
chemotherapy with bone marrow support vs. intermediate dose chemotherapy: CALGB 9066 (companion
protocol to CALGB 9082). Proc Am Soc Clin Oncol 1999; 18:412a.

Tallman M, Gray R, Robert N, et al. Conventional adjuvant chemotherapy with or without high-dose chemo-
therapy and autologous stem-cell transplantation in high-risk breast cancer. N Engl J Med 2003; 349:17-26.
BerghJ, Wiklund T, Erikstein B, et al. Tailored fluoruracil, epirubicin, and cyclophosphamide compared with
marrow-supported high-dose chemotherapy as adjuvant treatment for high-risk breast cancer: a randomised
trial. Lancet 2000; 356:1384—1391.

Antman KH. Critique of the high-dose chemotherapy studies in breast cancer: A positive look at the data. J

Clin Oncol 1999; 17 (11S, November Supplement):30-35.

Crown JP, Lind M, Gould A, et al. High-dose chemotherapy (HDC) with autograft (PBP) support is not
superior to cyclophosphamide (CPA), methotrexate and 5-FU (CMF) following doxorubicin (D) induction
in patients (pts) with breast cancer and 4 or more involved acillary lymph nodes (4+ LN): The Anglo-Celtic
Istudy. Proc Am Soc Clin Oncol 2002; 21:42a.

Zander AR, Kriiger W, Kroger N, et al. High-dose chemotherapy with autologous hematopoietic stem-cell
support (HSCS) vs. standard-dose chemotherapy in breast cancer patients with 10 or more positive lymph
nodes: first results of a randomized trial. Proc Am Soc Clin Oncol 2002; 21:415a.

Roché HH, Pouillart P, Meyer N, et al. Adjuvant high dose chemotherapy (HDC) improves early outcome for
high risk (N>7) breast cancer patients: The PEGASE 01 trial. Proc Am Soc Clin Oncol 2001; 20:27a.

Nitz UA, Frick M, Mohrmann S, et al. Tandem high dose chemotherapy versus dose-dense conventional
chemotherapy for patients with high risk breast cancer: Interim results from a multicenter phase I trial. Proc
Am Soc Clin Oncol 2003; 22:832a.

Gianni A, Bonadonna G. Five-year results of the randomized clinical trial comparing standard versus high-
dose myeloablative chemotherapy in the adjuvant treatment of breast cancer with >3 positive nodes (LN+).
Proc Am Soc Clin Oncol 2001; 20:21a.

Basser R, O’Neill A, Martinelli G, et al. Randomized trial comparing up-front, multi-cycle dose-intensive
chemotherapy (CT) versus standard dose CT in women with high-risk stage 2 or 3 breast cancer (BC): First
results from IBCSG trial 15-95. Proc Am Soc Clin Oncol 2003; 22:6a.



128

Nieto and Shpall

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Philip T, Chauvin F, Bron D, et al. PARMA international protocol: Pilot study on 50 patients and preliminary
analysis of the ongoing randomized study (62 patients). Ann Oncol 1991; 2:57-64.

Bron D, Philip T, Guglielmi C, et al. The PARMA international randomized study in relapsed non-Hodgkin’s
lymphoma. Analysis on the first 153 preincluded patients. Exp Hematol 1991; 19(6):546.

Philip T, Guglielmi C, Hagenbeek A, et al. Autologous bone marrow transplantation as compared with salvage
chemotherapy in relapses of chemotherapy-sensitive non-Hodgkin’s lymphoma. N Engl J Med 1995;
333:1540-1545.

Sledge GW, Loehrer PJ, Roht BJ, Einhorn LH. Cisplatin as first-line therapy for metastatic breats cancer. J
Clin Oncol 1988; 6:1811-1814.

Martin M, Diaz-Rubio E, Casado A, et al. Carboplatin: An active drug in metastatic breast cancer. J Clin Oncol
1992; 10:433-437.

Tew K, Colvin OM, Chabner BA. Alkylating agents. In: BA Chabner and DL Longo (eds), Cancer Chemo-
therapy and Biotherapy, 2nd edition, pp 297-332. Philadelphia: Lippincott-Raven, 1996.

Huitema ADR, Tibben MM, Kerbusch TH, et al. Simultaneous determination of thiotepa, cyclophosphamide
and some metabolites in plasma using capillary gas chromatography. J Chromatogr 1998; B 716:177-186.
Chen T-L, Passos-Coelho JL, Noe DA, et al. Nonlinear pharmacokinetics of cyclophosphamide in patients
with metastatic breast cancer receiving high-dose chemotherapy followed by autologous bone marrow trans-
plantation. Cancer Res 1996; 55:810-816.

Nieto Y, Xu X, Cagnoni PJ, et al. Nonpredictable pharmacokinetic behavior of high-dose cyclophosphamide
in combination with cisplatin and 1,3-bis(2-chloroethyl)-1-nitrosourea. Clin Cancer Res 1999; 5:747-751.
Busse D, Busch FW, Bohnenstengel F, Eichelbaum M, Fischer P, Opalinska J, Schumacher K, Schweizer E,
Kroemer HK. Dose escalation of cyclophosphamide in patients with breast cancer: Consequences for phar-
macokinetics and metabolism. J Clin Oncol 1997; 15: 1885-1896.

Doroshow JH. Anthracyclines and anthracenediones. In: Chabner BA and Longo DL (eds). Cancer Chemo-
therapy and Biotherapy. Lippincott-Raven, 2nd ed., 1996.

Eisenhauer EA, Ten Bokkel Huinink WW, Swenerton KD, et al. European-Canadian randomized trial of
paclitaxel in relapsed ovarian cancer: High-dose versus low-dose and long versus short infusion. J Clin Oncol
1994; 12:2654-2666.

Kohn EC, Sarosy G, Bicher A, et al. Dose intense taxol: High response rate in patients with platinum resistant
recurrent ovarian cancer. J Natl Cancer Inst 1994; 86:18-24.

Raymond E, Hanauske A, Faivre S, et al. Effects of prolonged versus short-term exposure paclitaxel on human
tumor colony-forming units. Anticancer Drugs 1997; 8:379-385.

Hanauske AR, Degen D, Hilsenbeck SG, et al. Effects of Taxotere and Taxol in vitro colony formation of
freshly explanted human tumour cells. Anticancer Drugs 3: 121-124, 1992
Garcia P, Braguer D, Carkes G, et al. Comparative effects of taxol and taxotere on two different human
carcinoma cell lines. Cancer Chemother Pharmacol 1994; 34:335-343.

Von Hoff DD. The taxoids: same roots, different drugs. Semin Oncol 1997; 24(4 Suppl 13):S13-3-S13-10.
Somlo G, Doroshow JH, Forman SJ, et al. High-dose doxorubicin, etoposide, and cyclophosphamide
with stem cell reinfusion in patients with metastatic or high-risk primary breast cancer. Cancer 1994;
15:1678-1685.

Donehower RC, Rowinsky EK, Grochow LB,et al. Phase I trial of taxol in patients with advanced cancer.
Cancer Treatment Reports 1987; 71:1171-1177.

Aapro MS, Zulian G, Alberto P, et al. Phase I and pharmacokinetic study of RP 569876 in a new ethanol-free
formulation of Taxotere. Ann Oncol 1992; 3(Suppl 5):208.

Extra JM, Rousseau F, Bruno R, et al. Phase I and pharmacokinetic study of Taxotere (RP 569876; NSC
628503) given as a short intravenous infusion. Cancer Res 1993; 53:1037-1042.

Stemmer SM, Cagnoni PJ, Shpall EJ, et al. High-dose paclitaxel, cyclophosphamide, and cisplatin with
autologous hematopoietic progenitor-cell support: A phase I trial. J Clin Oncol 1996; 14:1463-1472.
Holmes FA, Walters RS, Theriault RL, et al. Phase Il trial of taxol, an active drug in the treatment of metastatic
breast cancer. J Natl Cancer Inst 1991; 83:1797-1805.

Smith RE, Brown AM, Mamounas EP, et al. Randomized trial of 3-hour versus 24-hour infusion of high-dose
paclitaxel in patients with metastatic or locally advanced breast cancer: National Surgical Adjuvant Breast
and Bowel Project protocol B-26. J Clin Oncol 1999; 17: 3403-3411.



Chapter 5 / AHPCT for Breast Cancer 129

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Buzdar AU, Singletary E, Theriault RL, et al. Prospective evaluation of paclitaxel versus combination che-
motherapy with fluorouracil, doxorubicin, and cyclophosphamide as neoadjuvant therapy in patients with
operable breast cancer. J Clin Oncol 1999; 17:3412-3417.

Fields KK, Elfenbein GJ, Perkins JB, et al. High versus standard dose chemotherapy for the treatment of breast
cancer. Annals New York Academy of Sciences 1995;770: 288-304.

Mayordomo JI, Yubero A, Cajal R, et al. Phase I trial of high-dose paclitaxel in combination with cyclophos-
phamide, thiotepa and carboplatin with autologous peripheral blood stem cell rescue. Proc Am Soc Clin Oncol
1997; 16:102a.

Vahdat LT, Papadopoulos KP, Balmaceda C, et al. Phase I trial of sequential high-dose chemotherapy with
escalating dose paclitaxel, melphalan and cyclophosphamide, thiotepa, and carboplatin with peripheral blood
progenitor support in women with responding metastatic breast cancer. Clin Cancer Res 1998;4:1689-1695.
Elias AD, Richardson P, Avigan D, et al. A short course of induction chemotherapy followed by two cycles
of high-dose chemotherapy with stem cell rescue for chemotherapy naive metastatic breast cancer. Bone
Marrow Transplant 2001; 27:269-278.

Hu WW, Negrin RS, Stockerl-Goldstein K, et al. Four-cycle high-dose therapy with hematopoeitic support
for metastatic breast cancer: No improvement in outcomes compared with single-course high-dose therapy.
Biol Blood Marrow Transplant 2000; 6:58-69.

Nabholtz JM, Reese DM, Lindsay MA, Riva A. Docetaxel in the treatment of breast cancer: an update on
recent studies. Semin Oncol 2002; 29 (3 Suppl 12):28-34.

Hanauske AR, Degen D, Hilsenbeck SG, et al. Effects of Taxotere and Taxol in vitro colony formation of
freshly explanted human tumour cells. Anticancer Drugs 1992; 3:121-124.

Garcia P, Braguer D, Carkes G, et al. Comparative effects of taxol and taxotere on two different human
carcinoma cell lines. Cancer Chemother Pharmacol 1994; 34:335-343.

Nieto Y, Cagnoni PJ, Shpall EJ, et al. Phase I trial of docetaxel (DTX) (Taxotere) with peripheral blood
progenitor cell (PBPC) support, with melphalan and carboplatin, in refractory advanced cancer. Proc Am Soc
Clin Oncol 2000; 19:56a.

Dunphy FR, Spitzer G, Buzdar AU, et al: Treatment of estrogen receptor-negative or hormonally refractory
breast cancer with double high-dose chemotherapy intensification and bone marrow support. J Clin Oncol
1990; 8:1207-1216.

Crown J, Kritz A, Vahdat L, et al. Rapid administration of multiple cycles of high-dose myelosuppressive
chemotherapy in patients with metastatic breast cancer. J Clin Oncol 1993; 11:1144-1149.

Shapiro CL, Ayash L, Webb 1J, et al. Repetitive cycles of cyclophosphamide, thiotepa, and carboplatin
intensification with peripheral-blood progenitor cells and filgrastim in advanced breast cancer patients. J Clin
Oncol 1997;15:674-683.

Ayash LJ, Elias A, Wheeler C, et al. Double dose-intensive chemotherapy with autologous marrow and
peripheral-blood progenitor-cell support for metastatic breast cancer: A feasibility study. J Clin Oncol 1994;
12:37-44.

Rodenhuis S, Westermann A, Holtkamp MJ, et al. Feasibility of multiple courses of high-dose cyclophospha-
mide, thiotepa, and carboplatin for breast cancer or germ cell cancer. J Clin Oncol 1996; 14:1473-1483.
Broun ER, Sridhara R, Sledge GW, et al. Tandem autotransplantion for the treatment of metastatic breast
cancer. J Clin Oncol 1995; 13:2050-2055.

Ayash L], Elias A, Schwartz G, et al. Double dose-intensive chemotherapy with autologous stem-cell support
for metastatic breast cancer: No improvement in progression-free survival by the sequence of high-dose
melphalan followed by cyclophosphamide, thiotepa, and carboplatin. J Clin Oncol 1996; 14:2984-2992.
BitranJD, Samuels B, Klein L, et al. Tandem high-dose chemotherapy supported by hematopoietic progenitor
cells yields prolonged survival in stage IV breast cancer. Bone Marrow Transplant 1996; 17:157-162.
Vahdat L, Balmaceda C, Papadopoulos K, et al. Phase II trial of sequential high-dose chemotherapy with
paclitaxel, melphalan, and cyclophosphamide, thiotepa, and carboplatin with peripheral blood progenitor
support in women with responding metastatic breast cancer. Bone Marrow Transplant 2002; 30:149-155.
Elias AD, Ibrahim J, Richardson P, et al. The impact of induction duration and the number of high-dose cycles
on the long-term survival of women with metastatic breast cancer treated with high-dose chemotherapy with
stem cell rescue: An analysis of sequential phase I/ trials from the Dana Farber/Beth Israel STAMP program.
Biol Blood Marrow Transplant 2002; 8:198-205.



130

Nieto and Shpall

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Teicher BA, Ara G, Keyes SR, et al. Acute in vivo resistance in high-dose therapy. Clin Cancer Res 1998;
4:483-491.

Frei E 111, Ara G, Teicher B, Bunnell C, Richardson P, Wheeler C, Tew K, Elias A. Double high-dose
chemotherapy with stem cell rescue (HD-SCR) in patients with breast cancer-effect of sequence. Cancer
Chemother Pharmacol 2000; 45:239-246.

Slamon DJ, Clark G, Wong S, et al. Human breast cancer: correlation of relapse and survival with amplifi-
cation of the HER2/neu oncogene. Science 1987; 2235:177-181.

Baselgal, Tripathy D, Mendelsohn J, et al. Phase II study of weekly intravenous recombinant humanized anti-
p185HER2 monoclonal antibody in patients with HER2/neu-overexpressing metastatic breast cancer. J Clin
Oncol 1996; 14:737-744.

Cobleigh MA, Vogel CL, Tripathy D, et al. Multinational study of the efficacy and safety of humanized anti-
HER?2 monoclonal antibody in women who have HER2-over-expressing metastatic breast cancer that has
progressed after chemotherapy for metastatic disease. J Clin Oncol 1999; 17:2639-2648.

Hancock MC, Langton BC, Chan T, et al. A monoclonal antibody against the c-erB-2 protein enhances the
cytotoxicity of cis-diamminedichloroplatinum against human breast and ovarian tumor cell lines. Cancer Res
1991;51:4575-4580.

Arteaga CL, Winnier AR, Poirier MC, et al. p185c-erbB-2 signaling enhances cisplatin-induced cytotoxicity
in human breast carcinoma cells: Association between an oncogenic receptor tyrosine kinase and drug—
induced DNA repair. Cancer Res 1994; 54:3758-3765.

Pietras RJ, Fendly BM, Chazin VR, et al. Antibody to HER?2 receptor blocks DNA repair after cisplatin in
human breast and ovarian cancer cells. Oncogene 1994; 9:1829-1838.

Slamon DL. Alteration of the HER2/neu gene in human breast cancer: Diagnostic and therapeutic implica-
tions. Rosenthal Award Lecture at the 90th Annual Meeting of the American Association for Cancer Research
(AACR), Philadelphia, PA, April 10-14, 1999.

Pegram MD, Lipton A, Hayes DF, et al. Phase II study of receptor-enhanced chemosensitivity using recom-
binant humanized anti-p185HER2/neu monoclonal antibody plus cisplatin in patients with HER2/neu-
overexpressing metastatic breast cancer refractory to chemotherapy treatment. J Clin Oncol 1998;
16:2659-2671.

Nieto Y, Vredenburgh JJ, Shpall EJ, et al. Pilot phase II study of concurrent administration of trastuzumab
and high-dose chemotherapy in advanced HER2+ breast cancer. Proc Am Soc Clin Oncol 2002; 21:416a.
De Magalhaes-Silverman M, Bloom E, Lembersky B, et al. High-dose chemotherapy and autologous stem
cell support followed by posttransplantation doxorubicin as initial therapy for metastatic breast cancer. Clin
Cancer Res 1997, 3:193-197.

Rahman Z, Kavanagh J, Champlin R, et al. Chemotherapy immediately following autologous stem-cell
transplantation in patients with advanced breast cancer. Clin Cancer Res 1998; 4:2717-2721.

Douer D, Levine A, Anderson WF, Gordon M, Groshen S, Khan A, et al. High-dose chemotherapy and
autologous bone marrow plus peripheral blood stem cell transplantation for patients with lymphoma or
metastatic breast cancer: use of marker genes to investigate hematopoietic reconstitution in adults. Human
Gene Therapy 1996; 7:669-684.

Hanania EG, Fu S, Roninson I, Zu Z, Deisseroth AB. Resistance to taxol chemotherapy produced in mouse
marrow cells by safety-modified retroviruses containing a human MDR-1 transcription unit. Gene Therapy
1995; 2:279-284.

Hanania EG, Fu S, Zu Z, Hegewisch-Becker S, et al. Chemotherapy resistance to taxol in clonogenic progeni-
tor cells following transduction of CD34 selected marrow and peripheral blood cells with a retrovirus that
contains the MDR-1 chemotherapy resistance gene. Gene Therapy 1995; 2:285-294.

Rahman Z, Kavanagh J, Champlin R, et al. Chemotherapy immediately following autologous stem-cell
transplantation in patients with advanced breast cancer. Clin Cancer Res 1998; 4:2717-2721.

Porrata LF, Ingle JN, Litzow MR, Geyer SM, Markovic SN. Prolonged survival associated with early lym-
phocyte recovery after autologous stem cell transplantation for patients with metastatic breast cancer. Bone
Marrow Transplant 2001; 28:865-871.

Nieto Y, Jones RB, Bearman SI, McNiece IK, McSweeney PA, Shpall EJ. Prognostic analysis of the early
lymphocyte recovery in patients with advanced breast cancer receiving high-dose chemotherapy with an
autologous hematopoietic progenitor cell transplant. Biol Blood Marrow Transplant 2003; 9: 72a.
Kennedy MJ, Vogelsang GB, Beveridge RA, et al. Phase I trial of intravenous cyclosporine to induce graft-
versus-host disease in women undergoing autologous bone marrow transplantation for breast cancer. J Clin
Oncol 1993; 11:478-484.

Kennedy MJ, Vogelsang GB, Jones RJ, et al. Phase I trial of interferon gamma to potentiate cyclosporine-
induced graft-versus-host disease in women undergoing autologous bone marrow transplantation for breast
cancer. J Clin Oncol 1994; 12:249-257.



Chapter 5 / AHPCT for Breast Cancer 131

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Stiff PJ, Bayer R, Tan S, et al. High-dose chemotherapy combined with escalating doses of cyclosporin A and
an autologous bone marrow transplant for the treatment of drug-resistant solid tumors: a phase I clinical trail.
Clin Cancer Res 1995;1:1495-1502.

Burns LJ, Weisdorf DJ, DeFor TE, et al. Enhancement of the anti-tumor activity of a peripheral blood
progenitor cell graft by mobilization with interleukin-2 plus granulocyte colony-stimulating factor in patients
with advanced breast cancer. Exp Hematol 2000; 28: 96-103.

Sosman JA, Stiff P, Moss SM, et al. Pilot trial of interleukin-2 with granulocyte colony-stimulating factor for
the mobilization fo progenitor cells in advanced breast cancer patients undergoing high-dose chemotherapy:
Expansion of immune effectors within the stem-cell graft and post-stem-cell infusion. J Clin Oncol 2001;
19:634-644.

Morse MA, Vredenburgh JJ, Lyerly HK. A comparative study of the generation of dendritic cells from
mobilized peripheral blood progenitor cells of patients undergoing high—dose chemotherapy. J Hematother
Stem Cell Res 1999; 8:577-584.

Asavaroengchai W, Kotera Y, Mulé J. Tumor lysate-pulsed dendritic cells can elicit an effective antitumor
immune response during early lymphoid recovery. PNAS 2002; 99:931-936.

De Gast GC, Vyth-Dreese FA, Nooijen W, et al. Reinfusion of autologous lymphocytes with granulocyte-
macrophage colony-stimulating factor induces rapid recovery of CD4+ and CD8+ T cells after high-dose
chemotherapy for metastatic breast cancer. J Clin Oncol 2002; 20:58-64.

Ross AA, Cooper BW, Lazarus HM, et al: Detection and viability of tumor cells in peripheral blood stem cell
collections from breast cancer patients using immunocytochemical and clonogenic assay techniques. Blood
1993; 82:2605.

Schoenfeld A, Kruger KH, Gomm J, et al. The detection of micrometastases in the peripheral blood and bone
marrow of patients with breast cancer using immunohistochemistry and reverse transcriptase polymerase
chain reaction for keratin 19. Eur J Cancer 1997; 33:854-861.

Datta YH, Adams PT, Drobyski WR, Ethier SP, Terry VH, Roth MS. Sensitive detection of occult breast
cancer by the reverse-transcriptase polymerase chain reaction. J Clin Oncol 1994; 12:475-482.

Fields KK, Elfenbein GJ, Trudeau WL. Clinical significance of bone marrow metastases in patients with
breast cancer undergoing high-dose chemotherapy and autologous bone marrow transplantation. J Clin Oncol
1996; 14:1868-1876.

Franklin W, Shpall EJ, Archer P, et al: Immunocytochemical detection of breast cancer cells in marrow and
peripheral blood of patients undergoing high dose chemotherapy with autologous stem cell support. Breast
Cancer Research and Treatment 41: 1-13, 1996.

SharpJC, Kessinger A, Mann S, etal: Detection and clinical significance of minimal tumor cell contamination
of peripheral blood stem cell harvests. International Journal of Cell Cloning 1992; 10 (suppl 1):92-94.
Vredenburgh J, Silva O, Broadwater G, et al: The significance of tumor contamination in the bone marrow
from high-risk primary breast cancer patients treated with high-dose chemotherapy and hematopoietic sup-
port. Biol Blood Marrow Transplantation 1997;3: 91-97.

Umiel T, Moss TJ, Cooper B, et al. The prognostic value of bone marrow micro-metastases in stage II/II] breast
cancer patients undergoing autologous transplant (ABMT) therapy. Proc Am Soc Clin Oncol 17: 79a, 1998.
Solano C, Badia B, Lluch A, et al. Prognostic significance of the immunocytochemical detection of contami-
nating tumor cells (CTC) in apheresis products of patients with high-risk breast cancer treated with high-dose
chemotherapy and stem cell transplantation. Bone Marrow Transplant 2001; 27:287-293.

Cooper BW, Moss TJ, Ross AA, Ybanez J, and Lazarus HM. Occult tumor contamination of hematopoietic
stem-cell product does not affect clinical outcome of autologous transplantation in patients with metastatic
breast cancer. J Clin Oncol 1998; 16:3509-3517.

Shpall EJ, Jones RB, Bast RC, et al: 4-Hydroperoxycyclophosphamide purging of breast cancer from the
mononuclear cell fraction of bone marrow in patients receiving high-dose chemotherapy and autologous
marrow support: A phase I trial. J Clin Oncol 1991; 9:85-93.

Shpall EJ, Bast RC, Joines WT, et al: Immunomagnetic purging of breast cancer from bone marrow for
autologous transplantation. Bone Marrow Transplantation 1991; 7:145-151.

Anderson IC, Shpall EJ, Leslie DS, et al. Elimination of malignant clonogenic breast cancer cells from human
bone marrow. Cancer Research 1989; 15:4659.

Vredenburgh JJ, Hussein A, Rubin P, et al: High-dose chemotherapy and immuno-magnetically purged
peripheral blood progenitor cells and bone marrow for metastatic breast carcinoma. Proc Am Soc Clin Oncol
1996; 15:339.

Krause DS, Fackler MJ, Civin CI, and Stratford May W: CD34: Structure, biology and clinical utility. Blood
1996; 87:1-13.



132

Nieto and Shpall

205.

206.
207.

208.

209.
210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Shpall EJ, Jones RB, Bearman SI, et al: Transplantation of enriched CD34-positive autologous marrow into
breast cancer patients following high-dose chemotherapy: Influence of CD34-positive peripheral-blood pro-
genitors and growth factors on engraftment. J Clin Oncol 1994; 12: 28-36.

University of Colorado BMT Program, unpublished observations.

Shpall EJ, LeMaistre CF, Holland K, et al. A prospective randomized trial of buffy coat versus CD34-selected
autologous bone marrow supportin high-risk breast cancer patients receiving high-dose chemotherapy. Blood
1997; 90:4313-4320.

Yanovich S, Mitsky P, Cornetta K, et al. Transplantation of CD34+ peripheral blood cells selected using a
fully automated immunomagnetic system in patients with high-risk breast cancer: results of a prospective
randomized multicenter clinical trial. Bone Marrow Transplant 2000; 25:1165-1174.

University of Colorado BMTP, unpublished observations.

Mohr M, Hilgenfeld E, Fietz T, et al. Efficacy and safety of simultaneous immuno-magnetic CD34+ cell
selection and breast cancer cell purging in peripheral blood progenitor cell samples used for hematopoietic
rescue after high-dose therapy. Clin Cancer Res 1999; 5:1035-1040.

Negrin RS, Atkinson K, Leemhuis T, et al. Transplantation of highly purified CD34+ Thy-1+ hematopoietic
stem cells in patients with metastatic breast cancer. Biol Blood Marrow Transplant 2000; 6:262-271.

Eibl B, Schwaighofer H, Nachbaur D, et al. Evidence for a graft-versus-tumor effect in a patient treated with
marrow ablative chemotherapy and allogeneic bone marrow transplantation for breast cancer. Blood 1996;
88:1501-1508.

Ben-YosefR, OrR, Nagler A, Slavin S. Graft-versus-tumour and graft-versus-leukaemia effectin patient with
concurrent breast cancer and acute myelocytic leukaemia. Lancet 1996; 348:1242—-1243.

Ueno NT, Rondén G, Mirza NQ, et al. Allogeneic peripheral-blood progenitor-cell transplantation for poor-
risk patients with metastatic breast cancer. J Clin Oncol 1998; 16:986-993.

Childs R, Chernoff A, Contentin N, et al. Regression of metastatic renal-cell carcinoma after nonmyeloablative
allogeneic peripheral-blood stem-cell transplantation. N Engl J Med 2000; 343:750-758.

Rini BI, Zimmerman T, Stadler WM, et al. Allogeneic stem-cell transplantation of renal cell cancer after
nonmyeloablative chemotherapy: feasibility, engraftment, and clinical results. J Clin Oncol 2002;
20:2017-2024.

Ueno NT, Cheng YC, Giralt SA, et al. Complete donor chimerism by fludarabine/melphalan in mini-alloge-
neic transplantation for metastatic renal cell carcinoma (RCC) and breast cancer (BC). Proc Am Soc Clin
Oncol 2002; 21:415a.

Bregni M, Peccatori J, Dodero A, et al. Clinical responses to reduced-intensity allogeneic stem cell transplan-
tation in solid tumors: strong association with graft-vserus-host-disease. Proc Am Soc Clin Oncol 2002;
21:417a.

Blaise DP, Bay JO, Michallet M, et al. A feasibility study of allogeneic immunotherapy for solid tumors. Proc
Am Soc Clin Oncol 2002; 21: 417a.



Par t II COMPLICATIONS OF TRANSPLANTION







6 Pathophysiology of Acute
Graft-vs-Host Disease

Takanori leshima, MD, PhD
and James L. M. Ferrara, MD

CONTENTS

DEFINITION

PaTHOLOGY

PATHOPHYSIOLOGY

ExXPERIMENTAL GVHD PREVENTION
REFERENCES

1. DEFINITION

The graft-vs-host (GVH) reaction was first noted when irradiated mice were infused with
allogeneic marrow and spleen cells. Although mice recovered from radiation injury and mar-
row aplasia, they subsequently died with “secondary disease,” a syndrome consisting of diar-
rhea, weightloss, skin changes, and liver abnormalities (/). This phenomenon was subsequently
recognized as GVH disease (GVHD). The requirements for the development of GVHD was
soon formulated (2). First, the graft must contain immunologically competent cells; second,
the recipient must be incapable of rejecting the transplanted cells; third, the recipient must
express tissue antigens that are not present in the transplant donor

The first requirement of a GVHD reaction, immunocompetent cells, is now recognized as
mature T cells (3). In allogeneic bone marrow transplantation (alloBMT), the severity of
GVHD correlates with the number of donor T cells transfused (4). The ability of marrow T cells
to induce GVHD were much less potent than blood T cells in experimental models (5), there-
fore, the contamination of bone marrow (BM) with peripheral blood at the time of marrow
harvest may be related to the development of GVHD.

The second requirement stipulates that the recipient must be immunocompromised. A patient
with anormal immune system will usually reject T cells from a foreign donor. This requirement
is most commonly met in allogeneic hematopoietic stem cell transplantation (HSCT), where
recipients have usually received very immunosuppressive doses of chemotherapy and/or ra-
diation before stem cell infusion, but it may also be met in other situations, such as solid organ
allografts and blood transfusion, where recipients are often immunosuppressed. There are,
however, exceptions for this requirement. GVHD can occur in an immunocompetent recipient
of tissues from a donor who is homozygous for one of the recipient’s haplotypes (e.g., trans-
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fusion of blood from an human leukocyte antigen [HLA] homozygous parent to a heterozygous
child), even though they are not immunocompromised (6).

The third requirement, the expression of recipient tissue antigens not present in the donor,
became the focus of intensive research with the discovery of the major histocompatibility
complex (MHC). HLAs are the proteins that are the gene products of the MHC on the cell
surfaces of all nucleated cells in the human body, and they are essential to the activation of
allogeneic T cells (7). The T cells are selected in the thymus to recognize self-MHC molecules,
but when confronted with allogeneic (non-self) MHC molecules, T cells are activated and
mount a formidable attack that culminates in the destruction of the allogeneic tissues. In fact,
MHC differences between donor and recipient are the most important risk factor for the
induction of GVHD. In addition, there are minor histocompatibility antigens (mHAgs), which
are derived from the expression of polymorphic genes that distinguish donor and host. Surpris-
ingly, GVH reactions can occur between genetically identical strains and individuals (8,9).
These observations have necessitated a revision of the third postulate to include the inappro-
priate recognition of host self-antigens.

2. PATHOLOGY

Acute GVHD is manifested primarily by the involvement of specific target organs such as
the skin, liver, intestine, the immune system, and possibly the lung. In cases of transfusion-
associated GVHD, BM aplasia is often observed because the hematopoietic system of the host
is targeted. Likewise, marrow aplasia is a serious complication of donor leukocyte infusions
(DLIs) givento treat hematologic malignancy in cases involving relapse after an HSC allograft,
and it results from a GVH reaction against residual host hematopoietic system.

The pathologic findings of acute GVHD characteristically include epithelial damage that is
usually apoptotic in nature (/0). In the skin, the epidermis and hair follicles are often destroyed.
In the liver, small bile ducts are profoundly affected, and segmental disruption is common.
Intestinal crypt destruction results in mucosal ulcerations that may be either patchy or diffuse.
A prominent pathologic feature of acute GVHD is the disparity between the severity of tissue
destruction and the paucity of the lymphocytic infiltrate. This finding underscores the critical
role of cytopathic cytokines in target tissue destruction. During GVHD, MHC class II mol-
ecules aberrantly expressed on epithelial and endothelial target cells (//—13), and it has been
generally assumed that this aberrant MHC expression is essential for target cell damage in
GVHD. However, a recent murine study demonstrated that the aberrant MHC class II expres-
sion is the result of tissue inflammation rather than the cause of GVHD (/4). This study also
demonstrated that direct contact between host target epithelium and donor T cells is often not
required for target cell destruction and that soluble mediators of GVHD such as interleukin-
1 (IL-1) and tumor necrosis factor (TNF)-a can mediate target injury (/4).

3. PATHOPHYSIOLOGY

The development of acute GVHD is proposed to consist of a three-step process in which
mononuclear phagocytes and other accessory cells are responsible for both the initiation of a
GVH reaction and for the subsequent injury to host tissues after complex interactions with
cytokines secreted by activated donor T cells (see Fig. 1). The three steps are (1) tissue damage
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Fig. 1. The immunopathology of GVHD. GVHD pathophysiology can be summarized in a three-step
process. In phase 1, the conditioning regimen (irradiation, chemotherapy, or both) leads to the damage
and activation of host tissues, especially the intestinal mucosa. This allows the translocation of li-
popolysaccharide (LPS) from the intestinal lumen to the circulation, stimulating the secretion of the
inflammatory cytokines TNF-a and IL-1 from host tissues, particularly macrophages. These cytokines
increase the expression of MHC antigens and adhesion molecules on host tissues, enhancing the recog-
nition of MHC and mHAgs by mature donor T cells. Donor-T-cell activation in phase 2 is characterized
by the proliferation of Th1 cells and the secretion of interferfon-y (IFN-y), which activates mononuclear
phagocytes. The cytoxic T lymphocyte (CTL) damages tissue by perforin/granzyme, FasL, and TNF-
a. In phase 3, effector functions of activated mononuclear phagocytes are triggered by the secondary
signal provided by LPS and other stimulatory molecules that leak through the intestinal mucosa damaged
during phases 1 and 2. This damage results in the amplification of local tissue injury and it further
promotes an inflammatory response. Damage to the gastrointestinal tract in this phase, principally by
inflammatory cytokines, amplifies LPS release and leads to the “cytokine storm” characteristic of severe
acute GVHD.

to the recipient by the radiation/chemotherapy pretransplant conditioning regimen, (2) donor-
T-cell activation, and (3) the effector phase. In step 1, the conditioning regimen (irradiation
and/or chemotherapy) leads to the damage and activation of host tissues, including intestinal
mucosa, liver, and other tissues, and it induces the secretion of inflammatory cytokines TNF-
a and IL-1. The consequences of the action of these cytokines are the increased expression of
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MHC antigens and other molecules, thus enhancing the recognition of host alloantigens by
donor T cells. Donor-T-cell activation in step 2 is characterized by proliferation of donor T
cells and secretion of cytokines, including IL-2 and interferon-y (IFN-y). The antigen-present-
ing cell (APC) presents antigen in the form of a peptide—HLA complex to the resting T cells.
A second costimulatory signal is required for T-cell activation and the signaling by
costimulatory molecules also activates APCs, thus further promoting donor-T-cell activation.
IL-2 induces further T-cell expansion, cytotoxic T-lymphocytes (CTL) response, and prime
additional mononuclear phagocytes to produce TNF-atand IL-1. These inflammatory cytokines
stimulate host tissues to produce inflammatory chemokines, thus recruiting effector cells into
target organs. Effector functions of mononuclear phagocytes are triggered through a secondary
signal provided by lipopolysaccaride (LPS) that leaks through the intestinal mucosa damaged
during step 1. This mechanism may result in the amplification of local tissue injury and further
promotion of an inflammatory response, which, together with CTL, leads to target tissue
destruction. There is now substantial evidence to implicate the inappropriate production of
cytokines, which are the central regulatory molecules of the immune system, as a primary cause
for the induction and maintenance of experimental and clinical GVHD (/4,15). Dysregulation
of this complex cytokine cascade can occur at various steps and eventually results in manifes-
tations of this disease.

3.1. Phase 1: Conditioning

The earliest phase of acute GVHD starts before donor cells are infused. Donor T cells are
infused into a host that has been profoundly damaged by underlying disease, infection, and
transplant conditioning. These changes activate APCs, thereby enhancing donor-T-cell acti-
vation after allogeneic transplantation. Thus, these factors are important variables in the patho-
genesis of acute GVHD and explain a number of unique and seemingly unrelated aspects of
GVHD. For example, a number of analyses of clinical transplants have noted increased risks
of GVHD associated with advanced-stage leukemia, certain intensive conditioning regimens,
and histories of viral infections (/6—18).

Total-body irradiation (TBI) is particularly important because it activates the host tissue to
secrete inflammatory cytokines, such as TNF-a and IL-1 (/9), and it also induces endothelial
apoptosis in the gastrointestinal (GI) tract followed by epithelial cell damage (20). This gut
damage is further amplified by donor-T-cell attack and allows the translocation of
immunostimulatory microbial products such as LPS into systemic circulation, leading to fur-
ther amplification of GVHD. This scenario is in accordance with the observation that an
increased risk of GVHD is associated with intensive conditioning regimens that cause exten-
sive injury to epithelial and endothelial surfaces with a subsequent release of inflammatory
cytokines and increases in expression of cell surface adhesion molecules. The relationship
among conditioning intensity, inflammatory cytokine, and GVHD severity was further sup-
ported by animal models (27) and clinical observation (16,17).

3.2. Phase 2: Donor-T-Cell Activation

Donor-T-cell activation occurs during the second step of the afferent phase of acute GVHD
and it includes antigen presentation, activation of individual T cells, and the subsequent pro-
liferation and differentiation of donor T cells. Murine study demonstrated that host APCs alone
are sufficient to stimulate donor T cells (/4,22) and, thus, this process appears to occur within
secondary lymphoid organs such as lymph nodes and the spleen (23). In murine models of
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GVHD across MHC disparity, robust donor-T-cell proliferation is observed in the spleen as
early as d 3 after BMT, preceding the engraftment of donor BM cells (/4,24-26). Although the
impact of splenectomy prior to BMT has yet to be conclusively determined in humans, GVHD
can readily develop even in the absence of the spleen, suggesting that other secondary lym-
phoid organs are sufficient to stimulate donor T cells (27).

After allogeneic HSC transplants, both host- and donor-derived APCs are present in second-
ary lymphoid organs. The T-cell receptor (TCR) of the donor T cells can recognize alloanti-
gens either on host APCs (direct presentation) or donor APCs (indirect presentation). In direct
presentation, donor T cells recognize either the peptide bound to allogeneic MHC molecules
or allogeneic MHC molecules without peptide (28). During indirect presentation, T cells
respond to the peptide generated by degradation of the allogeneic MHC molecules presented
onself-MHC (29). A recent murine study demonstrated that APCs derived from the host, rather
than from the donor, are critical in inducing GVHD across mHAg mismatch (22). In humans,
most cases of acute GVHD developed when both host DCs and donor dendritic cells (DCs) are
present in peripheral blood after BMT (30).

CD4 and CD8 proteins are coreceptors for constant portions of MHC class I and MHC class
I molecules, respectively. Therefore, MHC class I (HLA-A, -B, -C) differences stimulate
CD8+ T cells and MHC class IT (HLA-DR, -DP, -DQ) differences stimulate CD4+ T cells (31).
Disparities between HLA sequence polymorphisms that are serologically determined are
termed “antigen mismatch,” whereas those that are identified only DNA typing are termed
“allele mismatch.” Recent clinical studies demonstrated that allele mismatch is less
immunogeneic than antigen mismatch (32), but allele mismatch can be a significant risk factor
of GVHD in BMT from unrelated donors (33). In the majority of HLA-identical BMT, GVHD
is induced by mHAgs, which are peptides derived from polymorphic cellular proteins that are
presented by MHC molecules. Because the manner of protein processing depends on genes
outside of the MHC, two siblings will have many different peptides in the MHC groove. In this
case, GVHD depends on the recognition of different peptides bound to the same allelic peptide
products presented by the same MHC. It remains unclear how many of these peptides behave
as mHAgs in humans and mice, although over 50 different mHAg genetic loci have been
defined among inbred strains of mice (34). The actual numbers of so-called “major minor”
antigens that can potentially induce GVHD are likely to be limited. Recent clinical data suggest
that mismatches of mHAgs between HLA-identical donors and recipients are associated with
GVHD in adults (35). Of five previously characterized mHAgs (HA-1, -2, -3, -4, -5) recog-
nized by T cells in association with HLA-A1 and HLA-A2, mismatching of HA-1 alone was
significantly correlated with acute grade II-IV GVHD and mismatching at HA-1, -2, -4, and
-5 was also associated with GVHD. Theoretical models also predict that substantial benefit
would be possible if multiple minor loci could be typed (36). One set of proteins that induce
minor histocompatiblity responses is encoded on the male-specific Y chromosome. This H-Y
antigen is attributed to an increased risk of GVHD when male recipients are transplanted from
female donors (37,38). mHAgs with broad or limited tissue expression are potential target
antigens for GVHD and graft-vs-leukemia (GVL) reactivity (39), and separation of these
activity by using CTLs specific for the hematopoietic systemis an area of intense research (40).

Theinitial binding of T cells with APCs is mediated by the interaction of adhesion molecules
(see Table 1). When a T cell recognizes specific ligands on an APC, signaling through TCR
induces a conformational change in adhesion molecules, resulting in higher-affinity binding
(41). T-Cell activation further requires costimulatory signals provided by APCs. Currently,
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Table 1
T Cell-APC Interactions
T cell APC

Adhesion ICAMs LFA-1

LFA-1 ICAMs

CD2 (LFA-2) LFA-3
Recognition TCR/CD4 MHC II

TCR/CD8 MHCc I
Costimulation CD28 CD80/86

CD152 (CTLA-4) CD80/86

ICOS B7H/B7RP-1

PD-1 PD-L1, PD-L2

Unknown B7-H3

CD154 (CD40L) CD40

CD134 (OX 40) CD134L (OX40L)

CD137 (4-1BB) CDI137L (4-1BBL)

HVEM LIGHT

Abbreviations: HVEM, HSV glycoprotein D for herpesvirus entry mediator; LIGHT,
homologous to lymphotoxins, shows inducible expression, and competes with herpes
simplex virus glycoprotein D for herpes virus entry mediator (HVEM), a receptor
expressed by T lymphocytes.

there are four known CD28 superfamily members expressed on T cells: CD28, cytotoxic T-
lymphocyte antigen 4 (CTLA-4), inducible costimulator (ICOS), and programmed death (PD)-
1; in addition, there are four TNF receptor family members: CD40 ligand (CD154), 4-1BB
(CD137),0X40,and HSV glycoprotein D for herpes virus entry mediator (HVEM) (see Table
1). The best characterized costimulatory molecules, CD80 and CD86, deliver positive signals
through CD28 that lower the threshold for T-cell activation and promote T-cell differentiation
and survival, whereas CTLA-4 delivers an inhibitory signal.

The most potent APCs are DCs; however, the relative contribution of DCs and other semi-
professional APCs such as monocytes/macrophages and B cells in inducing GVHD remains
to be elucidated. DCs can be matured and activated by (1) inflammatory cytokines, (2) micro-
bial products such as LPS and CpG entering systemic circulation from intestinal mucosa
damaged by conditioning, and (3) necrotic cells that were damaged by recipient conditioning.
These “danger signals” (42) are extremely important because recent reports have suggested
that mature DCs induces a T-cell response, whereas immature DCs can induce tolerance (43).
In addition, when T cells are exposed to antigens in the presence of an adjuvant such as LPS,
T-cell proliferation, migration, and survival are dramatically enhanced in vivo (44). A recent
murine study identified the enhanced allostimulatory activity of host APCs in aged mice as one
of the important mechanism for this association (45).

The role of natural killer (NK) cells in GVHD is controversial. NK cells are negatively
regulated by MHC class I-specific inhibitory receptors; thus, HLA class I mismatched trans-
plants may trigger NK-mediated alloreactivity. Nonetheless, activated NK cells can suppress
GVHD through the elimination of host APCs (46) or by their tumor growth factor-f (TGF-p3)
secretion (47). This suppressive effect of alloreactive NK cells on GVHD has been confirmed
in humans: HLA class I disparity driving donor NK-mediated alloreactions in the GVH direc-
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tions mediate potent GVL effects and produce higher engraftment rates without causing severe
acute GVHD (46,48). NK cells also produce IFN-y and TNF-a after stimulation with IL-12 and
IL-18 and can thus also participate in the development of GVHD. A recent murine BMT study
using mice lacking SH2-containing inositol phosphatase (SHIP), in which the NK compart-
ment is dominated by cells that express two inhibitory receptors capable of binding either self
or allogeneic MHC ligands, suggests that host NK cells may play a role in the initiation of
GVHD (49).

Subpopulations of donor T cells may be able to suppress GVHD. Repeated stimulation of
donor CD4+ T cells with alloantigens in vitro results in the emergence of a population of T-
cell clones (T, 1 cells) that secrete high amounts of IL-10 and TGF-f3 (50). The immunosuppres-
sive properties of these cytokines are explained by their ability to inhibit APC function and to
regulate proliferation of T cells directly. The addition of IL-10 or TGF-f3 to mixed lymphocyte
reaction (MLR) cultures induces tolerance (57), with alterations in biochemical signaling
similar to costimulatory blockade (52). Transplantation of HLA-mismatched HSCs in patients
with severe combined immunodeficiency (SCID) can result in selective engraftment of donor
T cells with complete immunologic reconstitution and tolerance in association with the devel-
opment of donor-derived Tr cells that produce large amount of IL-10 (53). Similarly, so-called
“Th3” cells that produce large amount of TGF-f3 can be regulatory T cells. CD8+ suppressor
cells have been identified in both mice and humans (54-57). A specific subpopulation of CD8+
T cells expressing CD57 has been identified as having suppressor function in patients with
acute and chronic GVHD (56,58). Natural suppressor (NS) cells suppressed GVHD in a variety
of host and donor combinations (59). NK T cells may possess such NS cell functions (60).
Peripheral blood NK T cells that are rapidly reconstituted from bone marrow cells after BMT
(61) as well as marrow NK T cells can suppress GVHD by their IL-4 secretion (5,60). The
details of how these three tolerogenic mechanisms interact with each other after allogeneic
HSC transplantation is an area of active research that will likely yield future novel therapeutic
strategies.

3.3. Phase 2: Cytokines

Antigen presentation induces the activation of individual T cells. This involves multiple,
rapidly occurring intracellular biochemical changes, including the rise of cytoplasmic free
calcium and activation of protein kinase C and tyrosine kinases (62,63 ). These pathways in turn
activate transcription of genes for cytokines, such as IL-2, IFN-y, and their receptors. Both IL-
2 and IFN-y are preferentially produced by the T-helper 1 (Thl) subset of T cells (64) and
mediate acute GVHD by promoting T-cell activation and by inducing additional cellular and
inflammatory effectors. The T-cell-activation phase is followed by clonal expansion and dif-
ferentiation to effector T cells. Activated T cells produce proteins required for specific effector
functions, such as the protein esterases required by CTLs (65). The expression of many cell
surface molecules, such as adhesion molecules and chemokine receptors, also change the
ability of T cells to traffic in vivo (66).

Interleukin-2 has a pivotal role in controlling and amplifying the immune response against
alloantigens, representing step 2 of the cytokine cascade that initiates acute GVHD. IL-2
induces the expression of its own receptor (autocrine effect) and stimulates proliferation of
other cells expressing the receptor (paracrine effect). IL-2 is secreted by donor CD4+ T cells
in the first several days after GVHD induction (67). In some studies, the addition of low doses
of IL-2 during the first week after allogeneic BMT enhanced the severity and mortality of
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GVHD except when GVHD was induced to MHC class II antigens (68,69). The precursor
frequency of alloreactive cells, determined as host-specific IL-2-producing cells (pHTL) pre-
dicts the occurrence of clinical acute GVHD (70-72). pHTL cells were detectable as early as
d 20 after transplant, often preceding the onset of acute GVHD by approx 2 wk, and persisted
until the GVHD resolved. The importance of IL-2 is further underscored by experiments
showing that monoclonal antibodies (MAbs) against IL-2 or its receptor are efficient in pre-
venting GVHD in animals or in clinical GVHD when administered shortly after the infusion
of T cells (67,73,74). It should be noted, however, that in two clinical trials, the addition of an
anti-IL-2 receptor mAb was only moderately successful in reducing the incidence of severe
GVHD (75,76). Because of their apparent importance in initiating acute GVHD, IL-2-produc-
ing donor T cells have been the primary target to control GVHD. Cyclosporine (CSP) and
FK506 are powerful inhibitors of IL-2 production and are effective prophylactic agents against
GVHD. The cytokines IL-2 and IL-15 are redundant in stimulating T-cell proliferation. A
recent kinetics study of T-cell division demonstrated that IL-15, rather than IL.-2, is a critical
cytokine in initiating allogeneic T-cell division in vivo (77), and elevated serum levels of IL-
15 are associated with acute GVHD in humans (78). IL-15 may therefore be a critical factor
in initiating GVHD.

Interferon-y is a second crucial cytokine that can be implicated in the second step of the
pathophysiology of acute GVHD. Increased expression levels of IFN-y are associated with
acute GVHD (21,79-81), and a large proportion of T-cell clones isolated from GVHD patients
can produce IFN-y (82). IFN-y secretion is also an early event in the cascade leading to GVHD
because IFN-y production in animals with GVHD peaks at d 7 posttransplant before clinical
manifestations are apparent. CTLs specific for mHAgs produce IFN-y and are correlated with
the severity of GVH reaction in the skin-explant assay (40). In a small clinical series of patients
with GVHD, serum levels of IFN-y are not significantly increased (83).

Experimental data suggest that IFN-y is involved in several aspects of the pathophysiology
of acute GVHD. First, IFN-y can increase the expression of numerous important molecules for
GVHD, including adhesion molecules, chemokines, MHC, and Fas, resulting in enhanced
antigen presentation, the recruitment of effector cells into target organs, and the modulation
of target cells so that they are more vulnerable to damage by effector cells. Second, IFN-y can
mediate the development of pathologic processes in the GI tract and skin during GVHD; the
administration of anti-IFN-y MAbs prevents GI GVHD (84), and high levels of both IFN-y and
TNF-a correlate with the most intense cellular damage in skin (85). Third, IFN-y mediates
GVHD-associated immunosuppression in several experimental GVHD systems partly through
the induction of nitric oxide (NO) (86-91). Fourth, IFN-y primes macrophages to produce
proinflammatory cytokines and NO in response to LPS (92,93). The inhibition of IFN-y pro-
duction after MHC class I or II disparate transplant by injection of polarized donor T cells
(which secrete IL-4 but not IFN-y) results in the downregulation of LPS-triggered TNF-a
production and reduced GVHD-related mortality (94). Finally, IFN-y plays an important role
in regulating the death of activated donor T cells by enhancing Fas-mediated apoptosis, thus
regulating GVHD (24,25,95).

Cytokines secreted by activated T cells are generally classified as Th1 (secreting IL-2 and
IFN-y) or Th2 (secreting IL.-4, IL-5,1L-10, and IL.-13) (64). Several factors influence the ability
of DCs to instruct naive CD4+ T cell to secrete Th1 or Th2 cytokines, including the type of
signal that activates DCs, the duration of DC activation, the ratio of DCs to T cells, as well as
varying proportions of DC subsets (96,97). Differential activation of Th1 or Th2 cells has been
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evoked in the immunopathogenesis of GVHD, as do infectious and autoimmune diseases.
Activated Th1 cells (1) amplify T-cell proliferation by secreting IL-2, (2) lyse target cells by
Fas/FasL interactions, (3) induce macrophage differentiation in the bone marrow by secreting
IL-3 and granulocyte-macrophage colony-stimulating factor (GM-CSF); (4) activate mac-
rophage by secreting IFN-y and by their CD40-CD40L interactions, (5) activate endothelium
to induce macrophage binding and extravasation, and (6) recruit macrophages by secreting
monocyte chemoattractant protein-1 (MCP-1). In contrast, GVHD effector mechanisms can
be inhibited if donor T cells are activated to produce a Th2 cytokine profile, which
downregulates both cell-mediated immune response and the secretion of inflammatory
cytokines. Transplantation of Th2 cells (generated in vivo by treating donor mice with a
combination of IL-2 and IL-4) into nonirradiated recipients resulted in reduced secretion of
TNF-a and protection of recipient mice from LPS-induced TNF-o-mediated lethality (98).
Furthermore, cell mixtures of Th2 donor cells with otherwise lethal inocula also protected
recipient mice from LPS-induced lethality, demonstrating the ability of Th2 cells to modulate
Th1 responses after allogeneic transplantation (99). Similarly, donor Th2 cells polarized in
MLR with host cells in the presence of IL-4 failed to induce acute GVHD to MHC class I or
class IT antigens (94). Pretreatment of BMT donors with granulocyte colony-stimulating factor
(G-CSF) can polarize donor T cells toward Th2, resulting in less GVHD (7/00). Recruitment
of CCR5+ T cells, usually Th 1 cells, is associated with hepatic GVHD (/01). NK1.1+ T (NKT)
cells can suppress GVHD induced by donor T cells through their IL-4 production (5,60). Other
studies have shown that GVHD can still occur using donor mice deficient in signal transducer
and activator of transcription (STAT) 4, which is crucial to Thl response, although GVHD
induced by STAT4-deficient donors was less severe than GVHD induced by donor cells
deficientin STAT6, a molecule critical for Th2 polarization (/02). These experiments support
the concept that the balance in Th1 and Th2 cytokines is critical for the development of acute
GVHD and suggest that Th1 cells produce GVHD more efficiently than Th2 cells, which can
be suppressive sometimes. It should be noted, however, that systemic administration of Th2
cytokines IL-4 or IL-10 was tested for its use as a prophylaxis of GVHD and appears to be either
ineffective or toxic (103-105).

On the other hand, there are also data suggesting that Th1 cytokines can also reduce GVHD.
A brief administration of high doses of exogenous IL-2 early after BMT protects animals from
GVHD mortality (/06). It has been suggested that IL.-2 mediates its protective effect via
inhibition of IFN-y (79). The injection of IFN-y twice weekly from d 0 to wk 6 prevents the
development of experimental GVHD (/07), and neutralization of IFN-y results in accelerated
GVHD in lethally irradiated recipients (89). Interestingly, the use of IFN-y-deficient donor
cells can accelerate GVHD in lethally irradiated recipients (24, 108), but it results in reduction
of GVHD in sublethally irradiated or unirradiated recipients (/09,110). These paradoxes may
be explained by complex dynamics of the activation, expansion, and contraction of donor T
cells. Activation-induced cell death (AICD) is a chief mechanism of clonal deletion, which is
largely responsible for the rapid contraction of donor T cells following an initial massive
expansion (//1). IFN-y contracts the pool of activated CD4+ T cells by inducing AICD; thus,
the complete absence of IFN-y may result in an unrestrained expansion of activated donor T
cells, leading to accelerated GVHD. This phenomenon may, in particular, pertain to recipients
of intensified conditioning, which induces greater T-cell activation (2/). Similarly, adminis-
tration of IFN-y-inducing cytokines such as IL-12 or IL-18 early after BMT protects lethally
irradiated recipients from GVHD in a Fas-dependent fashion (24,25,112,113). IL-2 can also
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prime activated T cells susceptible to AICD. Thus, physiologic and adequate amounts of Th1
cytokine productionis critical for GVHD induction, whereas inadequate production (extremely
low or high) could modulate GVHD through a breakdown of negative feedback mechanisms
for activated donor T cells. Such clonal deletion of host-reactive donor T cells is a critical
process for inducing tolerance (/11).

3.4. Phase 3: Efferent Phase

The efferent phase of acute GVHD is a complex cascade of multiple effectors. The regula-
tion of effector cell migration into target tissues occurs in a complex millieu of chemotactic
signals where several receptors may be triggered simultaneously or successively. Inflamma-
tory chemokines expressed in inflamed tissues upon stimulation by proinflammatory cytokines
are specialized for the recruitment of effector cells, such as T cells, neutrophils, and monocytes
(114). Chemokine receptors are differentially expressed on subsets of activated/effector T
cells. Upon stimulation, T cells can rapidly switch chemokine receptor expression, acquiring
a new migratory capacity (44,115). The involvement of inflammatory chemokines and their
receptors in GVHD has been recently investigated in mouse models of GVHD. MIP-1a re-
cruits CCR5+ CD8+ T cellsinto the liver, lung, and spleen during GVHD (101,116), and levels
of several chemokines are elevated in GVHD-associated lung injury (/ /7). Further studies will
determine whether expression of chemokines and their receptors can explain the unusual
cluster of GVHD target organs (skin, gut, and liver) and whether these molecules will prove
to be potential targets for modulation of GVHD.

3.4.1. CELLULAR EFFECTORS

Effector mechanisms of acute GVHD can be grouped into cellular effectors (e.g., CTLs) and
inflammatory effectors such as TNF-a, IL-1 and NO. The Fas—Fas ligand (FasL) and the
perforin—granzyme (or granule exocytosis) pathways are the principle effector mechanisms
used by CTLs and NK cells to lyse their target cells (/18,119). Perforin is stored in cytotoxic
granules of CTLs and NK cells, together with granzymes and other proteins (/20). Following
recognition of a target cell through the TCR-MHC interaction, perforin is secreted and inserts
itself into the cell-membrane-forming “perforin pores” that allow granzymes to enter the target
cells and induce apoptosis through various downstream effector pathways such as caspases
(120). Ligation of Fas results in the formation of the death-inducing signaling complex (DISC)
and the subsequent activation of caspases (/27). A number of ligands on T cells possess the
capability to trimerize TNFR-like death receptors (DR), such as TNF-related apoptosis-induc-
ing ligand (TRAIL: DR4,5 ligand) and TNF-like weak inducer of apoptosis (TWEAK: DR3
ligand) (122-124).

The involvement of each of these molecules in GVHD has been tested by utilizing donor
cells that are unable to mediate each pathway. Transplantation of perforin deficient T cells
results in a marked delay in the onset of GVHD in transplants across mHAg disparities (/25),
across both MHC and mHAg disparities (/26), and across isolated MHC I or II disparities
(127,128). However, mortality and clinical and histological signs of GVHD were still induced
even in the absence of perforin-dependent killing in these studies and, more importantly,
demonstrating that the perforin—granzyme pathway plays little role in target organ damage. A
role for the perforin—granzyme pathway for GVHD induction s also evident in studies employ-
ing donor-T-cell subsets. Perforin- or granzyme B-deficient CD8+ T cells induced signifi-
cantly less mortality compared to wild-type T cells in experimental transplants across a single
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MHC class I mismatch, although this pathway seems to be less important compared to Fas/
FasL pathway in CD4-mediated GVHD (7/27,129). Thus, it seems that CD4+ CTLs preferen-
tially use the Fas—FasL pathway, whereas CD8+ CTLs primarily use the perforin—granzyme
pathway.

Fas is a TNF-receptor family member that is expressed by many tissues, including GVHD
target organs. Its expression can be upregulated by inflammatory cytokines such as IFN-y and
TNF-a during GVHD (730), and the expression of FasL is also increased on donor T cells
(131-133), indicating that FasL.-mediated cytotoxicity may be a particularly important effec-
tor pathway in GVHD. FasL-defective T cells cause markedly reduced GVHD in the liver, skin
and lymphoid organs (/25,134,135). The Fas—FasL pathway is particularly important in he-
patic GVHD, consistent with the keen sensitivity of hepatocytes to Fas-mediated cytotoxicity
in experimental models of murine hepatitis (/36). Fas-deficient recipients are protected from
hepatic GVHD, but not from other organ GVHD (/37), and administration of anti-FasL (but
not anti-TNF) MAbs significantly blocked hepatic GVHD damage occurring in murine models
(138). Although the use of FasL-deficient donor T cells or the administration of neutralizing
FasLL. MAbs had no effect on the development of intestinal GVHD in several studies
(125,138,139), the Fas—FasL pathway may play a role in this target organ, because intestinal
epithelial lymphocytes exhibit increased FasL-mediated killing potential (/40). Elevated se-
rum levels of soluble FasL. and Fas have also been observed in at least some patients with acute
GVHD (141-144).

The utilization of a perforin—granzyme and FasL cytotoxic double-deficient (cdd) mouse
provides an opportunity to address whether other effector pathways are capable of inducing
GVHD target organ pathology. An initial study demonstrated that cdd T cells were unable to
induce lethal GVHD across MHC class I and class II disparities after sublethal irradiation
(126). However, subsequent studies demonstrated that cytotoxic effector mechanisms of donor
T cells are critical in preventing host resistance to GVHD (145,146). Thus, when recipients
were conditioned with lethal dose of irradiation, cdd CD4+ T cells produced similar mortality
to wild type CD4+ T cells (146). These results were confirmed by arecent study demonstrating
that GVHD target damage can occur in mice that lack alloantigen expression on the epithelium,
preventing direct interaction between CTLs and target cells (see Fig. 1) (14).

3.4.2. INFLAMMATORY EFFECTORS

Inflammatory cytokines synergize with CTLs resulting in the amplification of local tissue
injury and further promotion of an inflammation, which ultimately leads to the observed target
tissue destruction in the transplant recipient. Macrophages, which had been primed with IFN-
y during step 2, produce inflammatory cytokines TNF-o and IL-1 when stimulated by a second-
ary triggering signal. This stimulus may be provided through Toll-like receptors (TLRs) by
microbial products such as LPS and other microbial particles, which can leak through the
intestinal mucosa damaged by the conditioning regimen and gut GVHD. It has recently become
apparent that immune recognition through TLRs by the innate immune system also controls
activation of adaptive immune responses (/47). A recent human study of GVHD suggested the
possible association with mutation of TLR genes and severity of GVHD (748). LPS may
stimulate gut-associated lymphocytes and macrophages (93). LPS reaching the skin may also
stimulate keratinocytes, dermal fibroblasts, and macrophages to produce similar cytokines in
the dermis and epidermis. The severity of GVHD appears to be directly related to the level of
macrophage priming (93). Injection of small, normally nonlethal amounts of LPSs caused
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elevated TNF-a serum levels and death in animals with GVHD; this mortality could be pre-
vented with anti-TNF-a serum. These experiments strongly supported the role of mononuclear
phagocytes as sources of inflammatory cytokines during the effector phase of acute GVHD.
Subsequent murine studies further demonstrated that TNF-a. production by donor cells in
response to LPS predicts the severity of GVHD (/49) and that direct antagonism of LPS reduces
GVHD (150). Thus, the GI tract plays a major role in the amplification of systemic GVHD and
is critical in the propagation of the “cytokine storm” characteristics of acute GVHD (7151) (see
Fig.1). Maintenance of transplant recipients in a germ-free environment (which reduces bacte-
ria in the GI tract) has been shown to be associated with the reduction of GVHD (7152,153).

The cytokines TNF-a and IL-1 are produced by an abundance of cell types during processes
of both innate and adoptive immunity; they often have synergistic, pleiotrophic, and redundant
effects on both afferent and efferent phases of GVHD. A critical role for TNF-a in the patho-
physiology of acute GVHD was first suggested almost 15 yr ago because mice transplanted
with mixtures of allogeneic BM and T cells developed severe skin, gut, and lung lesions that
were associated with high levels of TNF-o mRNA in these tissues (/54,155). Target organ
damage could be inhibited by infusion of anti-TNF-o MAbs, and mortality could be reduced
from 100% to 50% by the administration of the soluble form of the TNF-a receptor (STNFR),
an antagonist of TNF-a (/9). Accumulating experimental data further suggest that TNF-a. is
involved in a multistep process of GVHD pathophysiology. TNF-a (1) can cause cachexia, a
characteristic feature of GVHD, (2) maturates DCs, thus enhancing alloantigen presentation,
(3) recruits effector T cells, neutrophils, and monocytes into target organs through the induc-
tion of inflammatory chemokines, and (4) causes direct tissue damage by inducing apoptosis
and necrosis (/56). TNF-a also involves in donor-T-cell activation directly through its signal-
ing via TNFR1 and TNFR2 on T cells. TNF-TNFR1 interactions on donor T cells promote
alloreactive T-cell responses (/57) and TNF-TNFR?2 interactions are critical for intestinal
GVHD (158). In contrast to FasL involvement in hepatic GVHD, TNF-a plays a central role
in intestinal GVHD in murine and human studies (/38,154,159). TNF-a also seems to be
important effector molecules in GVHD in skin and lymphoid tissue (/38,154,160,161). TNF-
o can also be involved in hepatic GVHD, probably by enhancing effector cell migration to the
liver via the induction of inflammatory chemokines: A recent study demonstrated that neutral-
ization of TNF-a and IL-1 prevented lymphocytic infiltration into the liver, resulting in a
significant reduction of liver GVHD (74).

An important role for TNF-a in clinical acute GVHD has been suggested by studies dem-
onstrating elevated serum levels or of TNF-a or elevated TNF-a mRNA expression in periph-
eral blood mononuclear cells in patients with acute GVHD and other endothelial complications,
such as hepatic veno-occlusive disease (VOD) (162—165). A phase I-II trial using TNF-a
receptor MAbs during the conditioning regimen as a prophylaxis in patients at high risk for
severe acute GVHD showed reduction in lesions of the intestine, skin, and liver, however,
GVHD flared after discontinuation of treatment (/59). These preliminary data, as well as
animal and laboratory studies, suggest that approaches to limit TNF-a secretion will be a very
important avenue of investigation in allogeneic HSCT.

The second major pro-inflammatory cytokine that appears to play an important role in the
effector phase of acute GVHD is IL-1. Secretion of IL-1 appears to occur predominantly during
the effector phase of GVHD of the spleen and skin, two major GVHD target organs (166). A
similar increase in mononuclear cell IL-1 mRNA has been shown during clinical acute GVHD
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(164). Indirect evidence of a role for IL-1 in GVHD was obtained with administration of this
cytokine to recipients in an allogeneic murine BMT model (/03). Mice receiving IL-1 dis-
played a wasting syndrome and increased mortality that appeared to be an accelerated form of
disease. Investigations of the role of IL-1 in GVHD intensified after the discovery of IL-1
receptor antagonist (IL-1ra) (/67,168). Intraperitoneal administration of IL-1ra starting on d
10 posttransplant was able to reverse the development of GVHD in the majority of animals,
providing a significant survival advantage to treated animals (/69). However, the attempt to
use IL-1ra to prevent acute GVHD in a randomized trial was not successful (/70).

As aresult of activation during GVHD, macrophages also produce NO, which contributes
to the deleterious effects on GVHD target tissues, particularly immunosuppression (91,171).
NO also inhibits the repair mechanisms of target tissue destruction by inhibiting proliferation
of epithelial stem cells in the gut and skin (/72). In humans and rats, the development of GVHD
is preceded by an increase in serum levels of NO oxidation products (173,174).

The central role of inflammatory cytokines in acute GVHD was confirmed in a murine study
by using BM chimeras in which either MHC class I or MHC class II alloantigens were not
expressed on target epithelium but on APCs alone (/4). GVHD target organ injury was induced
in these chimeras even in the absence of epithelial alloantigens and mortality and target organ
injury was prevented by the neutralization of TNF-a and IL-1. These observations were par-
ticularly true for CD4-mediated acute GVHD but also applied, at least in part, to CD8-
mediated disease.

4. EXPERIMENTAL GVHD PREVENTION

Experimental approaches to inhibit phase I include reduced conditioning and protection of
the GI tract because intensified conditioning and intestinal damage are critical to the propaga-
tion of the “cytokine storm” characteristic of acute GVHD, as discussed earlier. A reduced dose
(nonmyeloablative) of conditioning has been used increasingly by many BMT centers (175).
In animal models, all cytotoxic conditioning can be eliminated by giving a high dose of MHC-
mismatched BM cells followed by costimulatory blockade in vivo (176,177). A recent murine
study demonstrated that the pretransplant infusion of alloreactive NK cells obviated the need
for intensified conditioning (46). The ability to replace host T-cell depletion with such immu-
nological approaches is encouraging and is an active area of investigation.

“Cytokine shields” are novel experimental approaches to protect GI mucosal barrier from
conditioning by cytokines or growth factors such as IL-11, keratinocyte growth factor (KGF),
and hepatocyte growth factor (HGF), which have direct protective effects on the GI tract
epithelium in various models of gut injury. In experimental mouse models of GVHD, the
protective effect of these growth factors on the GI tract resulted in improved survival (/78—
181). Such strategies to protect the Gl tract have reduced GVHD while preserving a GVL effect
(180,182). In this regard, blockade of LPS by a LPS antagonist prevents experimental GVHD
while preserving GVL effects (/50). Unfortunately, a phase I-II clinical study of IL-11 was
halted because of severe fluid retention (/83).

Current strategies for GVHD prevention or treatment generally interfere with the afferent
phase of the GVHD and are primarily targeted at donor T cells. These have included pretreat-
ment of the stem cell donor, in vitro manipulation of the stem cells, and treatment of the patient
posttransplant. Calcineurin inhibitors, such as CSP and tacrolimus (FK506), are the most
commonly used drugs for GVHD prophylaxis, usually in combination with an inhibitor of
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nucleotide synthesis, methotrexate or mycophenylate mofetil. CSA and FK506 bind to
cyclophilin and FKBP-12, respectively, and inhibit calcineurin, resulting in inhibition of IL-
2 gene expression. Thus, the combined use of CSA/FK506 and costimulatory blockade in mice
may prevent tolerance induction by inhibiting cell-cycle-dependent T-cell apoptosis by 1L-2
and the development of Tr cells (/84). In contrast, rapamycin, which does not inhibit IL-2-
triggered apoptotic signals, provides strong synergy to costimulatory blockade (/84). Gluco-
corticoids are also widely used as both prophylaxis and treatment for GVHD. Although effects
of steroids on GVHD have been attributed primarily to their influence on T cells and mono-
cytes/macrophages, recent studies suggest that steroids can also affect DC functions and may
act at the very initiation of the immune response by modulating Tcell-DC interactions
(185,186). These different sites of action provide the rationale for the use of drug combinations,
and, indeed, the use of pairwise combination of these agents is a more effective prophylaxis
against GVHD than any single agent, although they also cause substantial drug-induced toxicity.

One of the important mechanisms of tolerance induction is nondeletional immunoregulation,
where alloreactive T cells are not deleted but they no longer respond to an antigenic stimulus.
This includes clonal anergy, immune deviation, and active suppression. Such anergy or
“paralysis” has been demonstrated clearly in many in vitro systems by blocking critical
costimulatory pathways such as B7-CD28 interactions. Such a strategy is attractive, because
it would theoretically preserve the functional capacity of the remaining T cells to respond to
infectious agents or leukemia cells. Antigen presentation in the absence of costimulation not
only fails to prime T cells but can also delete them (/87), thus, the blockade of costimulatory
pathways has shown great promise in preclinical studies. A soluble form of CD152, CTLA4-
Ig, inhibits the interaction of CD80-CD86 with CD28 and partially suppresses GVHD in
animal models (/88) (see Table 1). The blockade of this pathway by combined administration
of anti-CD80 MAbs and anti-CD86 MAbs is more effective than either agent alone (/89).
Blockades of other pathways, including the CD40-CD154 (790,191) and CD134-CD134L
(192) have also been shown to prevent GVHD in mice primarily by preventing CD4 help and
by aborting the alloresponses of CD8+ T cells. In contrast, the blockade of CD137-CD137L
interaction can also regulate CD8-mediated GVHD (/93,194). The blockade of LIGHT, which
is selectively expressed on immature DCs, by soluble receptor or antibody also ameliorates
GVHD in a murine model (795). The ICOS is an important regulatory molecule for Th2-
mediated immune responses (/96—198). Ex vivo blockade of costimulatory pathways prior to
infusion of T cells is an alternative approach. The first clinical study of this approach used
CTLA4-1Ig with partial success (/99). In mice, ex vivo treatment of donor T cells with anti-
CD154 MAbDs also prevented GVHD in association with the emergence of CD4+ CD25+
regulatory T cells (200). To date, these strategies to inhibit costimulation seem to be partially
effective, perhaps because CD4+ and CD8+ T cells require distinct costimulatory pathways for
activation (201 ) and costimulation is also essential for the survival of Tr cells (202). Therefore,
the blockade of several costimulatory pathways such as the CD40—CD154 pathway that pri-
marily inhibits CD4 response and LIGHT pathway that preferentially inhibits CD8 response
may be a promising approach (203).

Suppression of donor-T-cell activation can be achieved by the modulation of host DCs (22).
This concept was recently proved by murine studies; administration of alloreactive NK cells
reduce GVHD by ablating host APCs (46) and administration of Flt3 ligand to recipients prior
to BMT alters host DCs and reduces acute GVHD (26).
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Finally, strategies to inactivate host DCs are also promising (22). A recent analysis of DC

turnover in peripheral blood after allogeneic HSCT demonstrated rapid development of DC
chimerism: 80% of DCs are donor origin by d 14 and more than 99% by d 28 after myeloablative
HSCT. Thus, donor T cell and host APC interaction early after BMT may be a promising
strategy of GVHD prevention. A recent murine study of GVHD suggests a novel strategy that
alters host DCs and reduces acute GVHD by the administration of Flt3 ligand to recipients prior

to BMT (26).
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1. INTRODUCTION

Hemopoietic stem cell transplantation (HSCT) involves the transfer of cells that produce
hemopoietic and lymphoid progeny. For donor cells to accept the host environment as “self”
requires that newly developing alloreactive T lymphocytes and mature donor T lymphocytes
contained in the transplant inoculum be eliminated or inactivated, and only cells tolerant to the
new self be permitted in order to prevent an adverse graft-vs-host (GVH) reaction. Multiple
interactions between donor and host cells take place that contribute to the manifestations of this
GVH reaction, leading to the clinical picture of GVH disease (GVHD).

2. DEFINITION AND ETIOLOGY

Immunologic identity is expressed in the form of cell surface proteins encoded by genes of
the major histocompatibility complex (MHC) and other genes. MHC molecules (termed human
leukocyte antigen [HLLA] in humans) are critical to the recognition and inactivation or elimi-
nation of foreign antigens in immunocompetent individuals. MHC and non-MHC (minor)
antigens on transplanted cells are recognized by the recipient’s immune system, leading to a
host-vs-graft (HVG) reaction. In immunodeficient (or immunosuppressed) recipients, how-
ever, transplanted cells are able to survive and, if immunocompetent, to recognize antigens
such as HLA in the recipient, and initiate a GVH reaction.
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Graft-vs-host reactions were first described in rodents (/). The requirements for the devel-
opment of GVHD were formulated by Billingham in a classical work (2):

1. The graft must contain immunocompetent cells (T lymphocytes).

2. The host must express “transplantation” antigens not expressed in the donor. HLA differences
between donor and recipient represent the strongest risk factor for GVHD; non-MHC (minor)
histocompatibility antigens also play a role as illustrated by MHC-identical transplantation.
We now know that GVH-like reactions also occur between genetically identical individuals or
even with the infusion of autologous marrow, because of modifications of self-antigens or
inappropriate self-recognition (3).

3. The host must be unable to mount an effective response against the transplanted cells.

Thus, GVHD is an acute or chronic clinical syndrome initiated by a reaction of donor
immunocompetent cells against recipient cells and organs. Although originally distinct acute
and chronic forms were described (4,5), such a clear separation may no longer be tenable
(see below).

3. CLINICAL SPECTRUM OF GVHD

Acute GVHD usually becomes manifest within 2—5 wk of transplantation. The incidence
ranges from 10% to 90% dependent on the degree of histoincompatibility, the number of T
lymphocytes transplanted, patient and donor characteristics, and the prophylactic regimen
utilized (6,7).

The skin, liver, and gut are the major targets of acute GVHD, but other tissues can be
involved (see Table 1). GVHD is observed most commonly in the skin as pruritic maculopapu-
lar rash, often on palms, soles, shoulders, and ears, and may progress to total-body erythro-
derma. Separation at the dermo-epidermal junction may lead to bullae formation and
desquamation. Even with clinically normal skin, biopsies may reveal histological evidence of
GVHD (subclinical GVHD).

Nausea, vomiting, diarrhea, pain, and paralytic ileus are signs of involvement of the intes-
tinal tract. Hyperbilirubinemia and elevations of alkaline phosphatase and transaminases may
indicate liver involvement. Hepatic failure and metabolic encephalopathy are rare and are more
likely the result of causes such as veno-occlusive disease and infections.

Histological findings confirm the diagnosis of GVHD (9). Primarily undifferentiated epi-
thelial cells serve as targets. Epidermis and skin appendages lose their integrity. Damage is
prominent at the tips of the rete ridges. Small bile ducts may show segmental disruption. The
intestinal mucosa shows ulcerations and crypt destruction, most severe at the basis. Conjunc-
tival, vaginal, oral, and esophageal mucosae are less frequently involved. There may be subtle
mononuclear cell infiltrates or severe inflammation. Target cell destruction may be mediated
by tumor necrosis factor-o. (TNF-av), perforin or Fas ligand (FasL) without direct contact
between lymphocytes and epithelial target cells (/0,11). Histological staging is generally not
used in the grading of acute GVHD.

Current grading systems of GVHD score clinical manifestations in the skin, upper and lower
intestinal tract, and liver (4,/2). Martin et al. have shown that for practical purposes, Interna-
tional Bone Marrow Transplant Registry IBMTR) levels A, B, C and D roughly correspond
to Glucksberg grades I, II, III, and IV, respectively (/3). Assessment of GVHD, especially of
the intestinal tract and liver, is difficult and shows considerable interobserver variation (/35—
16). Simplified “consensus” schemes for functional GVHD grading have been proposed (/7,18)
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Table 1
Targets and Manifestation of Acute and Chronic GVHD

Target organ Acute GVHD Chronic GVHD
Skin and appendages Pruritus, maculopapular rash, Erythematous papular rash (lichenoid) or
generalized eythroderma, bullae thickened, tight, fragile skin (sclerodermatous),
hair loss, nail changes such as vertical ridging
Liver Cholestasis Cholestasis, hypoalbuminemia
Intestinal tract Hypersecretory diarrhea, cramps, bleeding, Abnormal motility, strictures, diarrhea, cramps, malabsorption
vomiting, ileus
Mucous membranes Acute inflammation Dryness, plaques, ulcerations, secondary malignancies
Airways Not specific Bronchiolitis obliterans with chronic obstructive lung disease,

Hematopoietic and
immune system

Eyes

Others

fibrosis, chronic sinopulmonary syndrome, high risk
for Pneumocystis carinii pneumonia

Immunodeficiency Cytopenias, eosinophilia, profound immunodeficiency, functional
asplenia
Conjunctivitis Sicca syndrome with dryness, photophobia, and corneal ulcers

Virtually all manifestations of autoimmune disease, including
serositis, nephrotic syndrome, neuropathy, fasciitis

Source: Adapted from ref 8.
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including grading on the basis of outcome (i.e., taking into account the patient’s entire course
rather than considering only one time-point) (15).

Chronic GVHD is likely a different entity than acute GVHD (/9-21). Chronic GVHD has
been recognized as early as d 31, although the median day of diagnosis is 201 after hemato-
poietic stem cell transplantation (HSCT) from HLA-identical siblings, 159 d after HSCT from
HLA-nonidentical related donors, and 133 d after HSCT from unrelated donors (22). Overall,
50% of patients develop chronic GVHD, 65% with unrelated donors (22-25). Chronic GVHD
resembles an autoimmune disease with clinical manifestations in the liver, gut, eyes, lung, and
skin (see Table 1) (26). The skin is most frequently involved, showing lichenoid papules, areas
of hypopigmentation, and areas of hyperpigmentation. With extensive chronic GVHD,
sclerodermiform changes and generalized subcutaneous fibrosis may develop. Alopecia and
dystrophic nail changes are common. Liver involvement presents as obstructive jaundice
reflecting bile duct abnormalities. If the liver is the only organ involved, the disease may be
self-limited and immunosuppressive therapy may not be necessary (23). Alkaline phosphatase
levels are often markedly increased and a good parameter for the course. Histological findings
include fibrosis with hyalinization of portal triads, obliteration of bile ducts, and extensive
cholestasis. Lichen planus-like plaques, ulcerations, and dryness of the oral mucosa are com-
mon. A sicca syndrome with dryness of the eyes and oral mucosa is commonly quantitated with
a Schirmer’s test. Artificial tears or patching of the eye to protect the corneal surface may be
required. Gut involvement, less prominent than with acute GVHD, may lead to abdominal
pain, diarrhea, anorexia, nausea, and vomiting. Bronchiolitis obliterans is highly correlated
with chronic GVHD in other organs (27-29). Symptoms and findings include obstructive lung
disease, cough, dyspnea, and, in advanced cases, pneumothorax. Profound immunodeficiency
accompanies chronic GVHD. Patients may have functional asplenia and are at high risk for
sepsis. Fungal infections and, in the absence of prophylaxis, Pneumocystis carinii pneumonia
are not infrequent. Eosinophilia and thrombocytopenia can also be present after transplant,
with the latter being associated with poor prognosis (30,31).

4. PROGNOSTIC SIGNIFICANCE

Mild to moderate acute GVHD (grades I or II by Glucksberg) is associated with low mor-
bidity, but it is a significant risk factor for the development of chronic GVHD (24,25). Grades
III and IV acute GVHD carry a grave prognosis; with grade IV, mortality approaches 100%.
Increased mortality with severe chronic GVHD is generally related to infections and organ
failure. Progressive obstructive airway disease also may prove fatal. On the otherhand, GVHD,
particularly in its chronic form, is associated with a graft-vs-leukemia (GVL) effect and a
decreased risk of relapse in patients transplanted in advanced disease (32,33).

Recent observations in patients transplanted with nonmyeloablative regimens
(“minitransplants”) have shown changes in the kinetics of GVHD. Clinical features of acute
GVHD may develop several months after HSCT and may not have the same impact on
survival as in patients in whom GVHD occurs early posttransplant. In these patients, the
historic classification into acute GVHD (onset before d 100) and chronic GVHD (onset after
d 100) no longer satisfies clinical needs. These insights need to be incorporated into new
grading schemes (see Fig. 1).
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Fig. 1. Kinetics and patterns of GVHD: (A) no clinical evidence of GVHD; (B) rapidly progressive acute
GVHD; (C) acute GVHD resolving spontaneously or with therapy; (D) acute GVHD progressing to
chronic GVHD; (E) chronic GVHD after a quiescent phase following acute GVHD; (F) de novo-onset
chronic GVHD or delayed-onset acute GVHD.

5. PATHOPHYSIOLOGY

Ferrara et al. have proposed a model in which initial damage to host tissue, induced by the
transplant conditioning regimen, is followed by donor-T-cell activation, adhesion to and inter-
action with host tissue and costimulatory signals, and amplification of the cytokine network
(34). The effector phase leads to host cell destruction via inflammatory signals, cytolytic
effects, and programmed cell death. Inflammatory cytokines are released primarily in the gut,
and endotoxins/lipopolysaccharides (LPSs), transferred into the circulation, lead to macroph-
age activation (see Fig. 2). Amplification of cytokines such as TNF-a and interleukin (IL)-1
follows (35,36), and leads to target cell death. Expression of costimulatory molecules (e.g.,
CD80, CD86 and MHC class II antigens on dendritic cells [DCs], T-cell stimulation, and
upregulation of Th1 cytokines [IL-2, interferon-a {IFN-a}]) will lead to effector cell expan-
sion (37,38). The blockade of LPS-mediated signals (via CD14) may be effective in reducing
the incidence/severity of GVHD, in part by way of reduction of TNF-a levels (39).

The efferent arm of acute GVHD involves cytotoxic T cells that cause damage in tissues with
high numbers of antigen-presenting cells (APCs) (40) such as the skin, liver, and gut (4/). A recent
study showed that host DCs play a central role in the development of GVHD (42). In murine
models, CD4+ cells have been shown to induce GVHD across MHC class II, and CD8+ cells
across MHC class I barriers (43). In MHC-identical transplants (non-MHC barriers), GVHD was
induced by either subset of T cells (44,45). However, signals mediating the GVH effect may differ
by organs (46). Fas/FasL-mediated signals play a central role in hepatic injury (47,48), TNF-o/
TNF receptor signals in intestinal GVHD, and both TNF-o and FASL in skin manifestations.
Perforin-mediated cytotoxicity may be more important in mediating a GVL effect (/0). However,
even T cells from mice doubly deficient in Fas-L and perforin/granzyme can cause GVHD when
aggressive conditioning is used (49). The actions of different cytokines, effector cells (e.g., large
granular lymphocytes), and regulatory cells are still incompletely understood. Regulatory T cells
with a CD25+ CD4+ phenotype, functionally reminiscent of the classic “suppressor T cell,” have
recently been shown to play a pivotal role in the development of GVHD (50).
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Cytotoxic Conditioning

Fig. 2. Three components of GVHD immunopathophysiology: (1) Conditioning with cytotoxic regi-
mens results in tissue damage and the release of cytokines. (2) Allorecognition: Antigen-presenting
cells, monocytes (macrophage [MJJ]), or dendritic cells (DCs), present host antigen in the form of an
HLA-(DR) peptide complex to donor T cells. Antigen-presenting cells also supply costimulatory signals
(e.g., CD8O, interleukin-1 [IL-1]). These and additional costimulatory interactions lead to (3) T-cell
activation, particularly in the direction of Thl (rather than Th2) cells, and further amplification (in
particular by IL-2) and secretion of cytokines (such as interferon-y [[FN-y]), which amplify the function
of antigen-presenting cells. The function of DCs is enhanced by the CD40 ligand on activated T cells.
The expression of cytokines leads to maturation of cytotoxic T cells (Tc) and activation of natural killer
(NK) cells. Along with factors such as tumor necrosis factor-o. (TNF-a), these cause and further amplify
host tissue damage (predominantly via apoptosis) and lead to the clinical manifestations of GVHD. DR,
HLA-DR; Thl, CD4+ T cells type 1; Th2, CD4+ T cells type 2; Fas, death receptor CD95; FasL,
Fasligand. CD28+ provides a costimulatory signal, CTLA4 may have a tolerogenic effect. The function
of IL-10 is not clear and may be time dependent.

The role of costimulatory molecules such as CD80/86, CD40L/CD40, CD28, and CTLA4
and vascular cellular adhesion molecule 1/intercellular adhesion molecule 1 (VCAM-1/ICAM-
1) (CD54), E-selectin, OX40 (CD134)/CD134L, and others is still being defined (5/-53).
Signals transmitted via CTLA4 appear to have tolerogenic effects, whereas signals through
CD28 will lead to activation (54).

The pathophysiology of chronic GVHD is less well understood, and only some observations
are summarized here. In certain mouse strains, transplantation of low numbers of allogeneic
T cells is more likely to result in chronic than in acute GVHD (55,56). There is evidence that
although Th1 cells are deficient, the activity of Th2 cells is increased (57). Consistent with that
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notion is a recent report that shows an increase in chronic GVHD in mice transplanted from
IFN-y knockout donors (58) and an earlier report indicating that both acute and chronic GVHD
were Th2 cytokine dependent (59). Conversely, increased IFN-y mRNA levels have been
documented in skin biopsies of patients with chronic GVHD (60). Data by Chen et al. suggest
that the presence of recipient CD4+ T cells is also required for chronic GVHD to develop (61).
The current opinion is that various features of GVHD (acute and chronic) are dependent on the
subsets of donor T cells activated (62,63). An interesting but poorly understood phenomenon
is that sensitization of recipients with donor antigen via the oral route alleviates manifestations
of chronic GVHD (64).

Impairment of thymic function as a result of the preparative regimen, acute GVHD, or age-
related involution may allow for the development of autoreactive T cells, which may eventu-
ally lead to the autoimmune manifestations of chronic GVHD. This may also be one reason
why older patients experience more GVHD (25). Additionally, a recent study in mice sug-
gested that APCs from older animals have a higher capacity to stimulate donor T cells than
those from young recipients (65). Conceivably, these host cells are also involved in the mecha-
nism of oral sensitization, as described earlier (64). That recipient APCs play a central role in
triggering GVHD has been shown convincingly by Shlomchik et al. (42). The role of Fas and
FasL (66) as well as CD40-L and other factors is not clear (67-70).

The use of peripheral blood stem cells (PBSCs) mobilized either by means of chemotherapy
or hemopoietic growth factors (e.g., granulocyte colony-stimulating factor [G-CSF] or stem
cell factor), or both, is associated with rapid hemopoietic reconstitution (7/). Murine studies
suggest that G-CSF may polarize donor cells toward Th2 cells and thereby favor the develop-
ment of tolerance (72).

Results of several clinical studies, some of them randomized (71,73,74) suggest that the
incidences of acute GVHD in patients transplanted with marrow or PBSCs are similar, whereas
the incidence of chronic GVHD appears to be increased with PBSCs (75). A meta-analysis of
5 randomized controlled trials and 11 cohort studies suggests that both acute and chronic
GVHD are more common with PBSCs (76). An additional factor in these studies may also be
differences in the GVHD prophylactic regimen. Of note, a higher incidence of GVHD with
PBSCs may not be associated with increase mortality. In fact, particularly in patients with
“high-risk” disease, survival appears to be improved in comparison to patients given marrow,
possibly because of an enhanced GVL effect (71,73).

Whether the fact that monocytes from G-CSF mobilized PBSCs show increased production
of IL-10, decreased levels of TNF-a., and reduced expression of costimulatory molecules and
MHC class Il results in downregulation of alloreactivity and a tolerogenic effect is controver-
sial at present.

Cord blood cells have low GVHD potential (77-80). Kurtzberg et al. (81) reported results
on 25 consecutive patients, mostly children transplanted with cord blood. Among these, 24
were discordant for one to three HLA antigens. In 23 of the 25 patients, engraftment was
achieved, and 11 of 21 evaluable patients developed acute GVHD of grades I[I-1V. Gluckman
etal. (78) presented results on 143 transplants carried out at 45 centers. GVHD of grades 11—
IV occurred in 9% of HLA-identical transplants and in 50% of HLA-mismatched transplants.
Stimulating capacity (82) and intracytoplasmatic signaling (following T-cell-receptor engage-
ment) in cord blood T cells differs from that in adult T cells (83). Also, cord blood monocytes
express low levels of MHC class II, CD86, and ICAM-1 and produce lower levels of IL-10 and
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IFN-a. Most cytotoxicity of cord blood is mediated by natural killer (NK) type cells (rather
than CD3+ T cells).

6. RISK FACTORS

Risk factors for acute GVHD in clinical transplantation are listed in Table 2. The probability
of developing acute GVHD grades II-1V with HLA genotypically identical sibling transplants
may be less than 30%, but 60-90% with mismatched related and with unrelated transplants
(35% grades I1I-1IV GVHD). Progress in HLA typing has allowed in recent years for selection
of unrelated donors on the basis of molecular matching (§4—86), which is reflected in improved
results. In a study of patients with chronic myelogenous leukemia (CML) in chronic phase,
DRBI allele mismatching was associated with a significant increase in grades III-IV acute
GVHD and inferior survival. HLA-DPB1 also had an effect on GVHD if two alleles were
mismatched. MHC class I allele mismatches had a negative impact on engraftment, but did not
significantly affect GVHD (86). Similar results on the impact of molecular typing have been
obtained in patients with aplastic anemia (87).

Omission of GVHD prophylaxis significantly increases therisk of GVHD (88). Allosensitization
of (female) donors for male recipients is associated with a twofold to threefold higher risk of
GVHD than with nonsensitized donors (89). The intensity of the GVHD prophylactic regimen
inversely correlates with the incidence of acute GVHD (90,91). Recent data by several teams
indicate that the incorporation of antithymocyte globulin (ATG), specifically thymoglobulin,
into the transplant conditioning regimen or administered early after transplantation not only
facilitates engraftment but also reduces the incidence of GVHD (92,93).

Infusion of viable donor buffy coat cells in earlier studies and, more recently, viable donor
lymphocytes for the reinduction of remission in patients whose leukemia recurred after HSCT
(94) is associated with an increased risk of GVHD. The impact of PBSCs was discussed earlier
(95,96). In one analysis of risk factors for acute GVHD after allogeneic PBSC transplantation,
the type of GVHD prophylaxis and CD34 cell dose were the only two independent variables
noted (97), although it is currently not clear what the optimal CD34 dose should be.

High IL-10 production by peripheral blood mononuclear cells pretransplant has been cor-
related with a low incidence of GVHD and transplant-related mortality (TRM) (98). Certain
polymorphic alleles in the IFN-y, TNF, and IL-10 genes have been associated with severe acute
GVHD after HLA-identical sibling HSCT and polymorphisms for IL-6 with chronic GVHD
(99—102). Mismatching for CD31 (PECAM-1, platelet-endothelial cell adhesion molecule)
has been reported to increase the risk of acute GVHD (103,104).

The role of antiviral immunity (/05) and certain HLA alleles has remained controversial.
In aretrospective IBMTR study of 751 patients with CML in chronic phase transplanted from
HLA-identical family members, the presence of HLA-A3 increased, and HLA-DR1 decreased,
the risk of acute GVHD (706). Attempts aimed at determining whether in vitro tests (e.g., skin
explant models in which patient skin and donor lymphocytes are cocultured) identify groups
of patients who are at risk of developing GVHD have met with only limited success.

The main risk factor for chronic GVHD is acute GVHD, as discussed earlier (see Table 2)
(25). The use of PBSCs appears to be associated with an increased incidence of chronic GVHD
(76), particularly when higher doses of CD34+ cells (> 8.0 x 10/kg) are transplanted (107).
G-CSF decreases IFN-y and increases IL-4 production (/08), and other reports show that the
numbers of T helper 2-inducing dendritic cells (pre-DC2s) are increased in G-CSF-mobilized
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Table 2
Risk Factors for the Development of Acute and Chronic GVHD
Acute GVHD Chronic GVHD
Histoincompatibility Prior acute GVHD
Allosenzitation of donor Histoincompatibility
Patient age Patient age
Stem cell source (PBSC)? Stem cell source (PBSC)
Number of CD34+ cells infused with PBSC Number of CD34+ cells infused
with PBSC
Infusion of viable donor leukocytes Infusion of viable donor leukocytes
Donor age Steroid dependence

Gender mismatch

Omission of GVHD prophylaxis

Type of GVHD prophylaxis

Intensity of conditioning regimen (irradiation)

Cytokine polymorphisms (IFN-a, TNF-a, IL-6, IL-10)
Serum cytokine levels

Donor cytomegalovirus (herpes simplex virus) seropositivity

allografts (109). Whether the prolongation of CSP prophylaxis lowers the incidence of chronic
GVHD is controversial (1/0-113). The relevance of herpes immunity in either the donor or
recipient for GVHD development is not clear (114,115).

7. PROPHYLAXIS

Strategies for GVHD prevention have focused on eliminating donor T cells or preventing
T-cell activation (i.e., the afferent limb) (see Table 3). The deciphering of numerous cytokine
and chemokine signalsinvolved in clinical GVHD has also drawn attention to the efferent limb.
When designing and evaluating GVHD trials, both efficacy and toxicity need to be considered
because net improvements in survival are likely to be achieved only if GVHD prevention does
not negatively affect other end points such as relapse. Overviews of prophylactic and therapeu-
tic trials have recently been presented (6,716).

7.1. In Vivo Prophylaxis

Classic studies by Uphoff (//7) used the antimetabolite a-aminopterin for posttransplant
GVHD prevention. Methotrexate (MTX) was beneficial in dogs and monkeys, and cyclophos-
phamide was beneficial in rats. Corticosteroids and ATG have also been used. In 1978,
cyclosporine (CSP) was added (//8), and tacrolimus (FK506) (119,120), thalidomide,
mycophenolate mofetil (MMF), and rapamycin followed more recently.

The mechanisms of action of these agents differ. MTX, for example, blocks dihydrofolate
reductase and prevents division and expansion of T cells already activated. Corticosteroids are
lympholytic and repress gene transcription. CSP and FK506 bind to cyclophilin and FK bind-
ing protein (FKBP), respectively. The resulting complexes interfere with the serine/threonine
phosphatase calcineurin and block the activity of NF-ATp, thereby downregulating IL-2 tran-
scription (/217). Rapamycin binds to FKBP (and in vitro is a competitive inhibitor of FK506),
but interacts with the mammalian TOR protein. The result is p70 S6 kinase inactivation and
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Table 3
Agents and Modalities Used for Prevention and Treatment of GVHD

In vivo In vivo or in vitro In vitro
Methotrexate Glucocorticoids Elutriation
Cyclosporine Monoclonal antibodies Soybean and sheep red blood cell agglutination
FK506 (tacrolimus) Immunotoxins Column fractionation
Mycophenolate mofetil Phototherapy
PUVA
Photopheresis

Rapamycin (sirolimus)
Antithymocyte globulin (ATG)
Thalidomide
Gnotobiosis
Cytokine antagonists
Receptor fusion proteins
CTLAA4Ig
TNFR-Ig
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inhibition of cell cycle progression in the late G1 phase (/22). MMF is activated to
mycophenolic acid, which blocks inosine monophosphate dehydrogenase (IMPDH) and
thereby interferes with purine biosynthesis (/23).

CTLAA4Ig, a fusion protein that interferes with costimulatory signals by blocking B7-CD28
and B7-CTLA4 interactions (/24,125) has been tested in pilot trials. Recent data indicate that
although the blockade of CD28 signals is beneficial in the prevention of GVHD, CTLA4-
mediated signals facilitate the establishment of tolerance and, hence, may be desirable. Mono-
clonal antibodies to TNF-a or IL-2 or their receptors and the IL-1 antagonist IL-1RA block
cytokine signals (/26). Peptides with high affinity for MHC may block T-cell activation
(127,128) and the polarization of CD4+ T cells from a Thl to a Th2 phenotype (72,129).
Monoclonal antibody to CD40L (/30), CD80 and CD86 (131), CD95L (FasL) (48), CD134L
(51), TAK-603, a new quinolone that selectively suppresses Th1 cytokine production (/32),
arationally designed Janus kinase (JAK) 3 inhibitor WHI-P131 (/33), and peptides exhibiting
the same molecular sequence as a portion of the CDR3-like region in domain 1 of the CD4
molecule (/34) all represent interesting recent developments.

A randomized study comparing GVHD prophylaxis with no prophylaxis has never been
done. Single-arm studies indicate, however, that prophylaxis is beneficial. Single-agent (MTX
or CSP) prophylaxis was considered standard until the early 1980s (6,135). More recently,
two- or three-drug combinations were tested (//9,120,136), and results indicate that combi-
nations such as MTX + CSP or FK506 + MTX offer more effective prophylaxis than any single
agent. However, improved GVHD prophylaxis was not necessarily reflected in superior sur-
vival (see Table 4). A combination of MTX, CSP, and corticosteroids, for example, reduced
the incidence of acute GVHD grades II-I1V to 9%, but survival was identical to that in patients
given CSP plus prednisone only (/44). Combination regimens are also associated with more
toxicity and higher probability of leukemic relapse, which may be preventable, however, by
utilizing lower drug doses (148,151,152). The addition of corticosteroids to CSP resulted in an
increased incidence of chronic GVHD (/45) and an increased risk of infection (/53). Results
from three randomized trials comparing the combination of CSP + MTX with CSP, MTX, and
methylprednisone were inconsistent and hence inconclusive (170,143,154). In a prospective,
randomized multicenter trial, the combination of FK506 and MTX was superior in preventing
acute GVHD grades II-1V compared to CSP and MTX in recipients of T-cell-replete, HLA-
identical HSCT from unrelated donors (56% vs 74%) (120). The FK506 and MTX-treated
patients also required less corticosteroids, but there was no difference in the incidence of
chronic GVHD, and overall survival did not differ.

7.2. T-Cell Depletion

The most effective method of GVHD prevention is T-cell depletion of the donor marrow or
peripheral blood cells before infusion (155,156). T-Cell depletion is accomplished in the form
of either positive (elimination of T cells) or negative selection (enrichment for hemopoietic
precursor cells, leaving T cells behind (/56). T Cells are either killed by a toxin (e.g., ricin A
chain) conjugated to anti-T-cell antibody or by incubating donor cells with antibody and
complement, which then lyses the antibody-coated T cells. Some rat antibodies (e.g., Campath-
1) activate the patient’s own complement. These techniques allow for 90-99.9% T-cell elimi-
nation. A more selective approach involves depletion of donor T cells reactive with host tissues
(alloreactive) by sensitizing donor T cells to host tissues and then depleting T cells that now
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Table 4
Drug Combinations for GVHD Prophylaxis

Incidence Incidence
Regimen" of acute of chronic Overall
Center/(ref.) Diagnosis (no. of patients) GVHD? p-Value GVHD? p-Value survival p-Value
Minneapolis (218) Hematological- MTX (35) 48% 0.01 43% NA? 45% NS“
malignancies
Aplastic anemia  MTX+PDN+ATG (32) 21% 25% 50%
Seattle (91) Acute and CSA (50) 54% 0.014 58% NS 55% 0.042
chronic myeloid
leukemia
MTX+CSA (43) 33% 46% 80%
Seattle (137) Aplastic anemia ~ MTX (24) 53% 0.012 42% NS 60% NS
(p=0.062)
MTX+CSA (22) 18% 47% 82%
City of Hope (138)  Acute and MTX+PDN (53) 47% <0.05 NA NA 48% NA
chronic myeloid leukemia
CSA+PDN (54) 28% 68%
Baltimore (139) Hematological Cy+PDN (40) 68% 0.005 35% NS 20% NS
malignancies,
aplastic anemia
CSA+PDN (42) 32% 68% 38%
Stockholm (740) Hematological CSA (45) 31% 0.02 40% NS 67% NS
malignancies,
aplastic anemia
MTX (66) 25% 42% 57%
MTX+CSA (29) 8% 31% 79%
Pesaro (141) Children with CSA (22) 41% <0.05 40% NA 86% NS
thalassemia
CSA+Cy+MTX (22) 15% 12% 77%
Seattle (142) Hematological Standard MTX (44) 25% 0.0001 33% NS 66% 0.024¢
malignancies
Short MTX (40) 59% 51% 55%
Standard MTX+DBC 82% 44% 36%

(25) (continued on next page)
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Table 4
Drug Combinations for GVHD Prophylaxis

Incidence Incidence
Regimen” of acute of chronic Overall
Center/(ref.) Diagnosis (no. of patients) GVHD p-Value GVHD p-Value  survival p-Value
Seattle (143) Hematological MTX+CSA (74) 36% 0.28 40% 0.01 54% NS
malignancies MTX+CSA+PDN (73)
45% 62% 53%
Stanford Hematological CSA+PDN (74) 23% 0.02 60% NS 59% NS
(144) malignancies CSA+PDN+MTX (75)
9% 57% 64%
Seattle (145) Hematological CSA (59) 74% 0.01 21% 0.02 26% NS
malignancies CSA+PDN (61)
60% 44% 23%
Multicenter (146) Hematological MTX+CSA (164) 44% 0.01 49% NS 57% 0.02
malignancies MTX+FK506 (165) J
32% 56% 47%
Genoa (147) Acute myeloid Low-dose CSA (28) 61% 0.02 82% NS 68% NS
leukemia Low-dose CSA+low-
dose MTX (32) 34% 70% 74%
Multicenter (148) Aplastic anemia CSA (34) 38% NS 30% NS 78% 0.05
CSA+short-term 30% 44% 94%
MTX (37)
Helsinki (149) Hematological MTX+CSA+PDN (53) 13% 0.005 36% NS 60% NS
malignancies MTX+CSA (55)
36% 48% 51%
Multicenter (120) Hematological Short-term MTX+FK506 56% 0.0002 76% NS 54% NS
malignancies, 90)
aplastic anemia  Short-term MTX+CSA
(90) 74% 70% 50%
Multicenter (150) Hematological FK506 (66)+MTX (56) 18% <0.0001 47% NS 63% NS
malignancies, CSA (65)+MTX (56)
aplastic anemia 48% 48% 65%

“Abbreviations: ATG, antithymocyte globulin; CSA, cyclosporine A; Cy, cyclophosphamide; DBC, donor buffy coat; MTX, methotrexate; PDN, prednisone or other
§lucocorticoid; NS, not significant; NA, not available.

Acute GVHD grades II-1V and overall chronic GVHD.
“For standard versus standard plus DBC.

More advanced diseases in FK506 arm.
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express activation markers (e.g., IL-2R, CD25, CD69,CD71,or HLA-DR) (157-159). Ex vivo
incubation of donor marrow with host cells and CTL4Ig (/60) was beneficial in one study, but
results have not been confirmed. It now appears that CTLA4-mediated signals may actually
facilitate the establishment of tolerance (161,162).

Intensive GVHD prophylaxis may also cause problems. T-Cell depletion by certain meth-
ods is associated with higher rates of graft failure (subsets of T cells mediate a graft-facilitating
effect) and an increased incidence of relapse (163,164). Therefore, more recent trials used
selective depletion of T-cell subsets, specifically CD4, CD6, or CDS cells (165-167). Al-
though engraftment was generally achieved, survival was not significantly different from that
among patients transplanted with broadly T-cell-depleted marrow. Thus, although T-cell deple-
tion leads to reduced morbidity and mortality related to GVHD, disease-free survival (DFS)
was generally not improved.

Conversely, the development of GVHD conveys a lower probability of leukemic relapse
than seen in patients without GVHD (32,/42). Importantly, even patients transplanted from
allogeneic donors who do not develop GVHD have a lower probability of relapse than do
syngeneic transplant recipients. Unfortunately, attempts to separate GVHD from a GVL effect
have, so far, been unsuccessful in the clinic (/68). In HLA-identical transplants, Goulmy and
colleagues have shown in vitro that such a separation is conceivable by using cytotoxic T cells
specific for minor histocompatibility antigens expressed on hemopoietic cells (/69). After
HLA-mismatched transplantation, the utilization of donor-vs-recipient NK-cell alloreactivity
mediated by killer cell immunoglobulinlike receptors (KIR) might be a promising approach
(170). The selective application of ligands like perforin or TRAIL (TNF-related apoptosis-
inducing ligand), known to be primarily involved in antitumor effects of T and NK cells, could
be another strategy (10,11,171).

Methods of T-cell engineering aim at preserving functional T cells to assure engraftment
and provide a GVL effect but then eliminate those cells if evidence of GVHD develops. This
involves the transduction of donor lymphocytes with a so-called suicide gene (e.g., the herpes
virus thymidine kinase), which allows one to inactivate the suicide gene (e.g., with ganciclovir)
(172-174).

7.3. Reduced-Intensity Conditioning and Mixed Chimerism

In murine models, mixed chimerism can be achieved by design with modified conditioning
regimens without jeopardizing the eradication of leukemia (/75). In a canine model, similarly
mixed chimerism without GVHD was achieved in recipients conditioned with only 200 cGy
of TBI, transplanted with histocompatible marrow, and given postgrafting CSP and MMF
(176). This led to low-intensity clinical conditioning regimens (fludarabine plus low-dose [200
cGy] TBI or other combinations). This approach allows one to reduce early posttransplant
toxicity and mortality but still achieve engraftment of donor cells (/77). However, this ap-
proach does not prevent GVHD in humans, although the manifestations may be less severe and
may become clinically apparent only months after transplantation.

7.4. Gnotobiosis

Gnotobiosis (i.e., the maintenance of transplant recipients in a germ-free environment) has
been successful in rodent models but less so in clinical studies, presumably because of incom-
plete decontamination of patients. Nevertheless, in patients with severe aplastic anemia (con-
ditioned with cyclophosphamide only) and transplanted in laminar airflow isolation, the
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incidence of GVHD was reduced, and survival improved (/78,179) Some investigators have
further pursued this technique in larger studies in patients with malignant disorders and have
reported improved outcome (/80).

8. THERAPY

Dependent on various parameters, 10-90% of patients develop acute GVHD requiring
therapy. The probability of survival depends on the response to therapy (/8/—183). Many drugs
used for GVHD prevention were first tested for therapy of GVHD. Generally, these drugs are
more effective for prevention, presumably because of limited expansion of donor cells. Fur-
thermore, our understanding of the effector limb of the GVH reaction is rather incomplete,
rendering rational design of treatment regimens difficult.

Corticosteroids (e.g., methylprednisolone, 2 mg/kg/d for 7 or 14 d or longer) are the main-
stay of acute (and chronic) GVHD therapy. Complete responses occur in 20% of patients and
useful responses in about 40% of patients. A prospective randomized study comparing 2 mg/
kg/d of methylprednisolone to 10 mg/kg/d failed to show any advantage of the higher dose for
any end point studied (/84). “Nonabsorbable” oral beclomethasone is effective in a proportion
of patients to treat acute intestinal GVHD (185,186).

CSP is useful in patients who have not received CSP prophylaxis. Tacrolimus is effective
in some patients who have failed CSP prophylaxis (/87), although retrospective data showed
abenefitonly in patients who were switched because of central nervous system toxicity on CSP
(188). A combination of tacrolimus and ATG has yielded promising results in one study (/89).
MMF might be effective in combination with CSP and prednisolone (/90). A recent trial with
rapamycin in 21 patients showed a response rate of more than 50% and suggested improved
survival compared to historic controls (/91).

Antithymocyte globulins of horse or rabbit origin are potent anti-T-cell agents, achieving
responses in 20-30% of patients even after steroid failure (/83,192—-194). However, infections
and thrombocytopenia are common complications, and in some trials, patient survival was as
low as 10% (195).

Monoclonal antibodies in murine or humanized form, with pan T or T-subset reactivity have
been used, often as a secondary therapy for GVHD. Responses have been observed with anti-
CD2, anti-CD3, anti-CD5, and other antibodies (/96—198). More than half of the patients with
steroid-refractory acute GVHD responded to the anti-CD147 antibody ABX-CBL, and sur-
vival was superior to that observed in historical controls treated with horse ATG (199). Intrigu-
ing results have been obtained with HuM?291, a humanized antibody directed at the
T-cell-receptor zeta chain (200). Among 15 patients with steroid-refractory GVHD, 7 achieved
complete remission and 8 achieved partial remission. Sustained remissions were achieved with
a single dose. Many patients experienced a rise in plasma titers of Epstein—Barr virus (EBV)
DNA, which was controlled with anti-CD20 antibody.

Another strategy involves antibodies against cytokine receptors. A monoclonal antibody to
IL-2R (B-B10) was effective experimentally and clinically (201). Monoclonal antibody spe-
cific for Tac, the a-subunit of the IL-2R (anti-TAC, daclizumab), showed responses in about
40% of patients who had failed to respond to corticosteroids (202,203). One clinical report
suggested efficacy of an anti-TNF-o. monoclonal antibody (infliximab) in steroid-refractory
acute GVHD (204). Toxin-conjugated monoclonal antibodies have also shown encouraging
results (205), although only a marginally significant effect was observed in a randomized trial
with a ricin A-conjugated anti-CD5 antibody (206).
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Photosensitization with 8-methoxypsoralen and ultraviolet A (PUVA) irradiation is effec-
tive in the treatment of acute and chronic GVHD of the skin in some patients. Extracorporeal
exposure of the recipient’s peripheral blood mononuclear cells to the photosensitizing effect
of 8-methoxypsoralen and UV light (photopheresis) and their subsequent reinfusion is effec-
tive in treating acute (and chronic) GVHD refractory to conventional treatment (207-209).

Chronic GVHD responds differently than acute GVHD to treatment. Alternate-day CSP and
prednisone is currently the treatment of choice for patients with newly diagnosed extensive
chronic GVHD (210), although a recent randomized trial failed to show a survival benefit with
the addition of CSP (211). Patients in whom CSP fails might benefit from a switch to tacrolimus
(212). Intriguing results with thalidomide were reported by Vogelsang et al. (2/3) and Parker
et al. (2/4) for primary and salvage treatment of patients with chronic GVHD. Subsequent
randomized studies, however, failed to show significant benefit (2/5,2/6). Improvements of
skin and liver have been reported with PUVA therapy (2/7-219) and low-dose total-body
irradiation (TBI; 100 cGy) has been shown to improve symptoms in some patients (220). MMF
in combination with CSP or FK506 (22/-223) as salvage treatment showed promising results
and allowed for a reduction of corticosteroid doses. The recombinant soluble TNF receptor
Enbrel® has also yielded encouraging results (224). All patients with chronic GVHD need
antimicrobial prophylaxis especially directed against Pneumocystis carinii and encapsulated
bacteria. Overall chronic GVHD management should involve a multidisciplinary approach.

9. FUTURE CONSIDERATIONS

Future attempts at prophylaxis and therapy are likely to exploit results derived from ongoing
research in cellular and molecular biology. The genetic cloning of receptors for multiple
growth factors and for cell surface proteins will allow new insights into cell proliferation (e.g.,
CD28 and CTLA4) and migration. The availability of small molecules that block antigen
presentation, lymphocyte activation, or both will be further advanced by the identification of
peptides that are critical to receptor function. The discovery of cytosolic proteins that control
protein folding and lymphocyte activation is likely to provide the rationale for the use of drugs
that interfere with these processes. Adoptive transfer of T cells reactive to minor histocompat-
ibility antigens has been shown to cause no GVHD, but to mediate a curative antileukemic
response (225). The role of CD25+ CD4+ regulatory T cells remains to be defined in the
clinical setting. Intriguing are also the observations by Velardi and colleagues (226) showing
that with appropriate conditioning, T-cell depletion and mismatching for the relevant KIR
ligands, non-HLA-identical stem cells can be transplanted successfully and without the devel-
opment of GVHD.
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1. INTRODUCTION

Chronic graft-vs-host disease (GVHD) is one of the most common and significant problems
affecting long-term survivors of allogeneic bone marrow transplantation (alloBMT). Despite
recent and ongoing advances in the treatment of acute GVHD, the incidence of chronic GVHD
continues to rise. Factors associated with this increase include changes in patient demograph-
ics and changes in transplant procedures. As our ability to support patients through alloBMT
improves, older patients who are at an increased risk for chronic GVHD are undergoing
transplantation. Furthermore, whereas vigorous T-cell depletion was employed in recent de-
cades, most centers have moved away from this method of GVHD prophylaxis because it has
been associated with higher rates of graft failure and relapse and no improvement in overall
survival (OS) (7). Alternative donors, including unrelated donors mismatched at a single
human lymphocyte antigen (HLA) allele and haplo-identical related donors, are being used
with increasing frequency in the nonmyeloablative transplant setting and in pediatric patients.
Additionally, the use of donor lymphocyte infusion (DLI) to prevent or to treat disease relapse
is contributing the higher rates of chronic GVHD. Finally, although peripheral blood stem cell
transplant (PBSCT) has resulted in equivalent or reduced rates of acute GVHD, most trials
have shown that the incidence of chronic GVHD in this setting is increased (2).
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The incidence of chronic GVHD is estimated at 25-60% of patients surviving more than 4
mo after allogeneic transplantation. Clinical risk factors for the development of chronic GVHD
include older age, history of acute GVHD, and a positive skin or oral biopsy atd 100 post-BMT
without signs or symptoms of GVHD. Transplant methods, including unrelated or mismatched
donors, DLIs, and PBSCT, are all associated with higher rates of chronic GVHD. Chronic
GVHD is an important cause of morbidity and mortality in transplant patients. In a recently
published study of quality of life (QOL) post-BMT, chronic GVHD was one of three factors
associated with poor QOL scores (3). Extensive GVHD affected vocational and domestic
environmental functioning most profoundly, but it was also associated with reduced interest
in extended family and leisure activities. The disease and its treatment are associated with
profound and long-lasting immunosuppression with an inherent risk of overwhelming infec-
tion and death. Chronic GVHD therefore remains a major obstacle facing the field of blood and
marrow transplantation.

2. PATHOGENESIS

The pathophysiology of chronic GVHD is incompletely defined. Clinical studies of chronic
GVHD are difficult, in part because the disease presents months after BMT, after many patients
have left the direct care of the transplant center. The early presenting signs of chronic GVHD
may be misdiagnosed by a local physician and referral back to the transplant center delayed
or deferred. Although animal models of allogeneic chronic GVHD do exist, they are expensive
and time-consuming to develop and maintain. These obstacles have hampered the investiga-
tion of pathophysiology in animal models.

The main murine model employed to study chronic GVHD used a parent into F1 hybrid in
which the main manifestations, including severe nephritis, more closely resemble lupus than
GVHD. This model has not been validated by confirmatory human studies of chronic GVHD.
Nonetheless, even with this limitation, this model has led to several important observations.
First, chronic GVHD appears to be primarily mediated by Th2 cells and cytokines, whereas
acute GVHD is mediated by Th1 cells and cytokines. However, this delineation may not be as
clear as initially thought. Several cytokines, such as interleukin (IL)-18, were initially thought
to be important primarily as pro-inflammatory cytokines. However, they now appear to play
a role in preventing chronic GVHD and reversing the disease if established, suggesting a
therapeutic role for IL-18. The timing of administration of cytokines is critical in determining
their effects, evidence that the cytokine milieu also strongly influences the cytokine effect.
These very provocative findings highlight the limitations of the model, namely that most of
these effects have been measured in antibody production and loss of donor B cells. The rel-
evance to clinical human GVHD is not yet known.

Another model of chronic GVHD is that of autologous GVHD induced by cyclosporine A
(CSA). Although CSA has potent immunosuppressive activity, it also inhibits thymic-depen-
dentclonal deletion of autoreactive T cells, thereby paradoxically disrupting self-tolerance (4).
Administration of CSA after autologous or syngeneic BMT elicits a T-cell-dependent autoim-
mune syndrome in both human and rodent models that presents with signs and symptoms of
chronic GVHD, including scleroderma, sicca syndrome, and wasting (5,6). Using CSA after
syngeneic BMT, murine systems can be manipulated to study factors affecting the course and
severity of GVHD. Variables including the CD4+ to CD8+ lymphocyte number and ratio, type
of recipient immunosuppression, thymic damage, age of donors and recipients, use of prior
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chemotherapy and irradiation, and the presence or absence of infection have been found to
influence the clinical manifestations of autologous GVHD (5-7).

The pathological changes seen in chronic GVHD, including pulmonary fibrosis, skin scle-
roderma, esophageal dismotility, and increased autoantibody production to thyroid, muscle,
and red blood cells, suggest similarities between chronic GVHD and autoimmune disease (8).
These similarities to autoimmune disease further highlight the differences between acute and
chronic GVHD. Because of decreased negative selection, reduced extrathymic generation,
and/or acceleration of the normal thymic aging process with chronic GVHD (9), patients have
aconcurrentincrease in peripheral autoreactive T lymphocytes. These autoreactive T lympho-
cytes act with interferon (IFN)-y to produce the increased collagen deposition seen histopatho-
logically in chronic GVHD (10).

3. CLASSIFICATION OF CHRONIC GVHD

Chronic GVHD can be classified according to the type of onset, the clinical manifestations,
or the extent of disease. The majority of patients with chronic GVHD have had prior acute
GVHD. Their disease may evolve directly from acute GVHD and is labeled as progressive, or
it may follow a period of recovery and be labeled as quiescent GVHD. A smaller subset of
patients may develop chronic GVHD with no history of prior acute GVHD and are labeled de
novo. A fourth type of onset, explosive GVHD, is associated with the abrupt onset of multi-
system involvement and manifestations of both acute and chronic GVHD. Both explosive
GVHD and progressive GVHD carry poor prognoses.

Alternatively, a classification system based on clinical manifestations classifies the cutane-
ous findings as lichenoid or sclerodermatous. The lichenoid form is more common, occurs
earlier after BMT, and may evolve into sclerodermatous GVHD. The most commonly em-
ployed classification system stratifies patients by extent of disease into two groups: those with
limited disease and those with extensive disease. This staging system was published in 1980
and was based on the outcome of 20 patients (//,12). Localized skin involvement, with or
without hepatic dysfunction, is classified as limited disease. Patients with generalized skin
involvement or with limited skin involvement in association with eye involvement, oral in-
volvement, hepatic dysfunction with abnormal liver histology, or involvement of any other
target organ are considered to have extensive disease. Although this staging system is highly
reproducible among transplant centers, it provides little information about prognosis and is
therefore of limited clinical utility.

More recently, researchers at Johns Hopkins Oncology Center have developed a grading
system for chronic GVHD that stratifies patients into risk categories according to clinical
characteristics (/3). Using adatabase of 151 patients with chronic GVHD, three variables were
found to be risk factors for shortened survival by multivariate analysis: extensive skin GVHD
involving greater than 50% of the body surface area, platelet count of less than 100,000/uL,
and progressive-type onset. This model was validated using data from 1108 patients from the
International Blood Marrow Transplant Registry IBMTR) (n=711), Fred Hutchinson Cancer
Center (n = 188), the University of Nebraska (n = 60), and the University of Minnesota (n =
149) (14). Despite significant heterogeneity of the data, the proposed grading system identified
three prognostic groups, each with different survival outcomes. Because this grading system
is highly predictive of outcome, it may help to improve clinical management, trial design, and
communication among transplant centers.
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4. CLINICAL MANIFESTATIONS

The diagnosis of chronic GVHD is usually made after d 100 posttransplant and before d
500, although exceptions on either end are possible. The median time of diagnosis is 201 d
after human leukocyte antigen (HLA)-identical sibling transplant, 159 d after mismatched
related transplant, and 133 d after unrelated donor transplant (/5). Clinical manifestations are
summarized in Table 1 and described in more detail in the following subsections. The skin is
the most commonly involved organ in chronic GVHD, but isolated oral, ocular, hepatic, or
pulmonary disease may occur.

4.1. Skin

Chronic GVHD of the skin can be lichenoid or sclerodermatous. Lichenoid GVHD presents
as an erythematous, papular rash that resembles lichen planus and has no typical distribution
pattern. Keratoconjuctivitis sicca and salivary dysfunction causing dry eyes and dry mouth are
commonly seen in association with lichenoid GVHD.

Sclerodermatous GVHD may involve the dermis and/or the muscular fascia and is clinically
similar to systemic sclerosis. The skin is thickened, tight, and fragile, with very poor wound-
healing capacity. Alteration in pigmentation, either hypopigmentation or hyperpigmentation,
may occur. In severe cases, the skin may become blistered or ulcerated. Because the sclerosis
affects the dermis, hair loss and destruction of sweat glands are common.

Isolated fascial scleroderma with musculoskeletal manifestations is discussed in more detail.
It manifests as decreased mobility with normal skin and is particularly debilitating when joint
areas are involved. It is important to distinguish between skin and fascial scleroderma because
treatment decisions may be affected. In addition to systemic therapy, skin chronic GVHD
benefits from aggressive moisturization with petroleum jelly, strict sun protection, and prompt
treatment of local infections.

4.2. Nails

Fingernails and toenails may be affected by chronic GVHD. Nails develop vertical ridges
and cracking and are very fragile. The diagnosis is made clinically and local treatment with nail
polish may help prevent problematic fragmentation of the nail.

4.3. Musculoskeletal System

Fascial involvement in sclerodermatous GVHD is common. It is most frequently associated
with skin changes, but may develop with normal overlying skin. Fasciitis causes significant
limitations in range of motion, especially if joint areas are involved. Patients should undergo
regular evaluation by a physical therapist and begin a rigorous physical therapy program
should fasciitis develop.

Muscular cramping in patients with chronic GVHD is common, although the pathophysi-
ology is not well understood. Myositis, with tender muscles and elevated muscle enzymes, is
rare and does not explain the frequent cramping in most patients. Because many patients with
chronic GVHD have received steroids for prophylaxis and treatment and because hormone
levels are often low posttransplant, osteoporosis may occur. Regular bone density evaluation
and the use of bisphosphatase to treat and/or prevent degenerative disease are recommended.

4.4. Eyes

Ocular GVHD manifests most commonly as Sjogregn’s syndrome, or dry eyes. Destruction
of the lacrimal glands results in dryness, photophobia, and burning. Regular ophthalmologic
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evaluation with Schirmer’s test to measure tear production is important so that asymptomatic
disease can be treated before it progresses to corneal damage. Local therapy involves preser-
vative-free tears and ointment and placement of punctal plugs by an experienced ophthalmolo-
gist. Conjunctival GVHD is a rare manifestation of severe chronic GVHD and is associated
with a poor prognosis.

4.5. Mouth

Simultaneous involvement of the mouth and eyes is common. Early oral GVHD commonly
causes xerostomia (dryness of the mouth) and/or sensitivity to minty, spicy, and acidic foods.
More advanced disease may cause odynophagia (pain with swallowing) and lichenoid changes
of the buccal mucosa. Physical exam in mild disease reveals only erythema. Lichenoid changes
of more advanced disease cause whitish plaques resembling thrush or lichen planus. Worsen-
ing erythema with ulcerations and atrophy of the mucosa and gums may develop. Because
dental damage can occur secondary to gum atrophy and decreased secretions, regular dental
care with appropriate endocarditis prophylaxis is recommended. Diagnosis of salivary gland
and mucosal involvement is made by biopsy. Secondary infections with viruses (especially
herpes simplex) and yeasts are common and may make diagnosis difficult. Changes in symp-
toms may occur with local infections; therefore, cultures are warranted at the time chronic
GVHD is diagnosed and for worsening of symptoms.

4.6. Respiratory Tract

Bronchiolitis obliterans is an uncommon but serious manifestation of chronic GVHD.
Patients typically present with a cough 3—20 mo posttransplant (/6), and progress to develop
dyspnea, wheezing, and respiratory failure. Chest computed tomography (CT) may be normal
or may show hyperinflation with or without interstitial pneumatosis, bronchial dilatation, or
consolidation. Pulmonary function testing reveals an obstructive pattern and lung biopsy is
usually diagnostic. The onset may be insidious or more acute with rapid progression. Overall,
patients with bronchiolitis obliterans have minimal response to therapy and a very poor
prognosis.

Patients with chronic GVHD are also at risk for chronic sinuopulmonary disease, chronic
cough, and bronchospasm. Severe scleroderma of the torso may cause restrictive lung disease
though restriction of chest wall movement. Sinus infections and pneumonia should be treated
with appropriate antibiotics and referral to an otolaryngologist may be indicated.

4.7. Gastrointestinal Tract

Many patients with chronic GVHD have signs and symptoms involving the gastrointestinal
(GI) tract, including gastroesophageal reflux, dysphagia, esophageal strictures or webs, and
substernal chest pain. Malabsorption resulting in chronic diarrhea is seen. However, in most
patients, these symptoms are attributable to other disease states including acute GVHD, infec-
tion, dysmotility, pancreatic insufficiency, and drug-related side effects (/7). In aretrospective
review of the intestinal biopsies of 40 patients with chronic GVHD and persistent GI symp-
toms, histopathologic evidence of chronic GVHD was found in only 11 patients. The majority
of these patients had evidence of both acute and chronic GVHD, with only three patients (7%)
found to have isolated chronic GVHD. This study illustrated that although chronic GVHD
alone may involve the GI tract, it may be difficult to diagnosis and is seldom seen without
concurrent acute GVHD.
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Table 1

Clinical Manifestations of Chronic GVHD

Clinical
Organ manifestations Evaluation Supportive care
Skin Lichenoid: papular rash Clinical and/or Moisturization (petroleum jelly)
Sclerodermatous: thick, taut, skin biopsy Treatment of local infections
fragile skin; poor wound Protection from sun/trauma
healing
Nails Vertical ridging, cracking, Clinical Nail polish may help prevent further
fragility damage
Sweat glands Inflammation and destruction, Clinical Avoidance of excessive heat

Hair
Eyes

Mouth

Respiratory tract

Gastrointestinal
tract (GI)

risk of hyperthermia

Complete or partial alopecia;

thin, fragile hair

Dryness, photophobia, blurring

Progression to corneal abrasion

Dryness, sensitivity

Plaques resembling lichen
plauns

Erythema, painful ulceration

Mucosal slceroderma

Bronchiolitis obliterans (BO)
with dyspnea, wheezing, and
cough;

Chronic sinopulmonary
symptoms and infections

Abnormal motility, strictures

Diarrhea, malabsorption, weight
loss

Opthamalogic evaluation,
Schirmer’s test
Dental evaluation
Viral/fungal cultures at diagnosis
and with worsening

Pulmonary function tests (FEV,

FVC, DLCO, helium lung volume)
Chest CT in symptomatic patients
Lung biopsy if clinically indicated

Nutritional evaluation

Upper GI, endoscopy if clinically

indicated

Preservative-free tears and ointment

Avoidance of spicy foods and toothpastes
Regular dental care with endocarditis
prophylaxis

IgG replacement may decrease incidence
of infections;
Investigational therapy for BO

Early nutritional intervention
Correction of strictures

(continued on next page)
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Table 1

Clinical Manifestations of Chronic GVHD

Clinical
Organ manifestations Evaluation Supportive care
Liver Cholestasis with increased Liver function tests FK506 may have better liver
serum bilirubin and alkaline Liver biopsy necessary for isolated concentration
phosphatase hepatic involvement
Musculoskeletal Fascitis with decreased range of Physical and occupational therapy Aggressive physical and occupational
system motion, myositis rare evaluations therapy programs

Immune system

Hematopoietic
system

Osteoporosis possible
secondary to steroid use or
hormonal deficit

Profound immunodeficiency;
functional asplenia, variable
IgG levels

Variable cytopenias,
eosinophilia

Bone density evaluation

Assume severe
immunocompromise in all patients

Complete blood count with
differential, antineutrophil, and
antiplatelet antibody studies

PCP prophylaxis for 6 mo after
resolution of cGVHD,; lifetime
pneumococcal prophylaxis; IgG
replacement to keep > 500 mg/dL.

Systemic treatment of chronic GVHD
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Malnutrition in patients with chronic GVHD is common, with one recent report describing
malnutrition in 43% of patients and severe malnutrition with body mass index less than 18.5
in 14% (18). The mechanisms of wasting are not fully d