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Since the publication of our first edition of Stem Cell Transplantation for
Hematologic Malignancies, Second Edition, in 2004, the field of transplanta-
tion has witnessed continued advances in the understanding of basic trans-
plantation biology and its clinical applications. These advances have created
opportunities to address the formidable challenges of transplantation across
histocompatibility barriers, stem cell expansion, prevention of complications
(e.g., infection, organ damage, graft-versus-host disease) and generation of
graft-versus-tumor activity to eradicate residual disease. Transplant physi-
cians, caregivers and patients have more therapeutic options than they did
just a decade ago in areas such as donor selection, stem cell source, graft
manipulation, GVH prophylaxis, infectious prophylaxis and non transplant
treatment options. These require a rigorous ongoing reassessment of the status
of the field.

I'am delighted that we have been able to expand and update this new edition to
reflect the current state of the science. Nine new chapters have been added. Part
I introduces the biologic underpinnings of hematopoietic cell transplantation,
and includes newly added chapters on basic stem cell biology, immunobiology
and histocompatibility. Part II focuses on indications and results of transplan-
tation for specific diseases with the intention of placing the current role of
transplantation into perspective as new non transplant therapies are developed.
In addition to updating chapters on acute leukemia, chronic myelogenous
leukemia, lymphoma, and myeloma, this edition includes new contributions on
transplantation for myeloproliferative disorders/myelodsysplastic syndrome,
chronic lymphocytic leukemia, bone marrow failure syndromes and hemoglob-
inopathies. Part III discusses hematopoietic stem cell sources, and includes
chapters on unrelated, haploidetical, and umbilical cord blood transplanta-
tion, as well as a chapter comparing the use of bone marrow to mobilized
peripheral blood. Part IV is devoted to conditioning regimens, and includes a
new contribution on ablative regimens, as well as an update on the expanding
use of reducing intensity conditioning. Despite improvements in outcome, the
morbidity and mortality of transplantation remain significant. Parts V and VI
focus on delayed immune reconstitution leading to infectious and lymphopro-
liferative disorders, lung and hepatic damage, as well as the pathophysiology
and clinical aspects of acute and chronic graft-versus-host disease. Part VII is
devoted to immune modulation of grafts, including T cell depletion to reduce
GVHD, tumor cell purging to prevent disease recurrence, and donor lymphocyte
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infusions to promote immune mediated antitumor activity. Part VIII provides a
brief glimpse into potential future applications of bone marrow-derived stem
cells in the field of cardiac repair.

We hope this edition of Stem Cell Transplantation for Hematologic
Disorders, Second Edition, will provide physicians, students and other health
care professionals with a firm foundation and comprehensive understanding
of the current state of transplantation biology, as well as a clear vision into
the future. I am grateful to all the authors for their outstanding contributions
to this edition.



Acknowledgements

I want to thank my family for their patience, understanding and support for all
my academic efforts. I want to also thank Katie Kupferberg for her assistance
in preparing this edition.

vii



PrEface. . ..o e e v
ACKNOWIEAZEMENLS ....coviiiiiiiiiiiieeiieeiec et vii
CONIIIDULOTS ..ottt sttt et xiii
I Biology of Transplantation

1

II

Stem Cell BIOIOZY .....couviiiiiiiiiiiiiicitcccceereeee e 3
Elizabeth O. Hexner and Stephen G. Emerson
Stem Cell Transplantation for Hematologic Malignancies................. 19

Effie W. Petersdorf

Immunobiology of Transplantation ...........c.cceceeeeveeveeeevinvenicnenenennens 39
Robert S. Negrin

Transplantation for Specific Disorders

Allogeneic and Autologous Hematopoietic Stem Cell

Transplantation for Acute Lymphoblastic Leukemia

and Acute Myelogenous Leukemia in the Adult ... 57
Anthony Stein and Stephen J. Forman

Hematopoietic Cell Transplantation for Chronic
Myeloid Leukemia.........cccooieviiiieiiiiiiiiiieiieeeeeeeeeee e e 83
Uday Popat and Sergio Giralt

Stem Cell Transplantation for Hodgkin’s
and Non-Hodgkin’s Lymphomas ...........cccceceevieniiiiniinieninieiieeee 105
John W. Sweetenham

Transplantation in Chronic Lymphocytic Leukemia.................c........ 137
Rifca Le Dieu and John G. Gribben

Stem Cell Transplantation in Multiple Myeloma ..........c..ccccccceeeenne. 149
John Koreth and Kenneth C. Anderson

Contents

ix



X

Contents

10

11

I

12

13

14

15

v

16

17

18

19

20

21

Allogeneic Hematopoietic Cell Transplantation

for Patients with Myelodysplastic Syndrome

and Myeloproliferative DiSOrders ............cocoveverierenienenieneeeeeene 167
Aravind Ramakrishnan and H. Joachim Deeg

Stem Cell Transplantation for Marrow Failure.............cccccoeeeenene 183
Philippe Armand and Joseph H. Antin

Stem Cell Transplantation for Hemoglobinopathies......................... 201
Catherine J. Wu

Alternative Stem Cell Sources

Stem Cell Sources for Allogeneic Transplantation..............cccccc....... 225
Corey Cutler

Allogeneic Unrelated Donor Blood
and Marrow Transplantation .............cocceevereererienesieneeeeceeeeeee 245

Daniel Weisdorf

Umbilical Cord Hematopoietic Stem Cell Transplantation............... 267
Mitchell E. Horwitz and Nelson Chao

Haploidentical Stem Cell Transplantation ............ccccecceeeeevverennennenn 289
Bimalangshu R. Dey and Thomas R. Spitzer

Conditioning Regimens
Ablative Preparative Regimens for Hematopoietic
Stem Cell Transplantation.............ccecereerieriererienesieeeee e 321

Amin Alousi and Marcos de Lima

Nonmyeloablative Transplantation .........c..cccceeeeeeveieverenenencnennenn 349
Frédéric Baron and Brenda M. Sandmaier

Complications of Transplantation

Immune Reconstitution after Allogeneic Transplantation................ 377
Carolyn A. Keever-Taylor

Infection in the Hematopoietic Stem Cell Transplant Recipient ...... 421
Francisco M. Marty and Lindsey R. Baden

EBV Lymphoproliferative Disease after Transplantation................. 449
Stephen Gottschalk, Cliona M. Rooney, and Helen E. Heslop

Hepatic Veno-Occlusive DiSease .........cceevuereerereenieiienieeienieeieeieane 467
Erica Linden and Paul Richardson



22

23

VI

24

25

26

vil

27

28

Lung Injury after Hematopoietic Stem Cell Transplantation............ 495
Kenneth R. Cooke and Gregory Yanik

Quality of Life Issues Post-Transplantation............cccceeeevereeeeennne. 537
Stephanie J. Lee

Graft-versus-Host Disease

Pathophysiology of Acute Graft-versus-Host Disease...................... 563
Pavan Reddy and James L. M. Ferrara
Acute Graft-versus-Host DiSease........cceevuereererienenienieeieneeeeieae 589

Martin Benesch and H. Joachim Deeg

Chronic Graft-versus-Host DiS€ase .........cceevverveeriierieenieesreenieennennn 621
Javier Bolaiios-Meade and Georgia B. Vogelsang

Immune Modulation

Graft Manipulation: T Cell Depletion and Tumor Cell Purging....... 653
Vincent T. Ho

Donor Lymphocyte Infusions: Clinical Applications
and the Graft-versus-Leukemia Effect .........cccoocovoevooenoinniiencennnn. 687
Edwin P. Alyea

VIII Future Uses of Hematopoietic Stem Cells

29

Regenerative Medicine: Application

in Cardiovascular DISEASES ..............cccoeeeeeeeeeieeeeieeeeeieeeeieeeeieeeenn, 713
Emerson C. Perin, Guilherme V. Silva,

and Marlos R. Fernandes

Contents

xi



Contributors

Amin Alousi, M.D
Department of Cellular Therapy and Stem Cell Transplantation,
Houston, TX

Edwin P. Alyea, M.D
Division of Hematology Malignancies, Department of Medical Oncology,
Dana Farber Cancer Institute, Boston, MA

Kenneth C. Anderson, M.D
Division of Hematology Malignancies, Department of Medical Oncology,
Dana Farber Cancer Institute, Boston, MA

Joseph H. Antin, M.D
Division of Hematology Malignancies, Department of Medical Oncology,
Dana Farber Cancer Institute, Boston, MA

Philippe Armand, M.D., Ph.D
Department of Medical Oncology, Dana-Farber Cancer Institute,
Boston, MA

Lindsey R. Baden, M.D
Division of Infectious Diseases, Department of Medicine, Brigham and
Women’s Hospital, Boston, MA

Frédéric Baron, M.D., Ph.D
University of Liege, Belgium

Martin Benesch, M.D
Department of Pediatrics, Medical University of Graz,
Graz, Austria

Javier Bolanos-Meade, M.D
Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins and
Johns Hopkins University School of Medicine, Baltimore, MD

Nelson Chao, M.D
Division of Cellular Therapy, Department of Medicine, Duke University
Medical Center, Durham, NC

Kenneth R. Cooke, M.D
Department of Pediatrics, University Hospitals, Cleveland, OH

xiii



xiv

Contributors

Corey Cutler, M.D., M.P.H
Division of Hematology Malignancies, Department of Medical Oncology,
Dana Farber Cancer Institute, Boston, MA

H. Joachim Deeg, M.D
Division of Clinical Research, Fred Hutchinson Cancer Research Center,
Seattle, WA

Marcos de Lima, M.D
Department of Stem Cell Transplantation, MD Anderson Cancer Center,
Houston, TX

Bimalangshu R. Dey, M.D
Department of Medicine, Massachusetts General Hospital, Harvard Medical
School, Boston, MA

Stephen G. Emerson, M.D., Ph.D
Professor and President, Haverford College, Adjunct Professor in Medicine,
University of Pennsylvania

Marlos R. Fernandes, M.D
Texas Heart Institute, Cardiology Research Dept/ Stem Cell Lab., St. Luke’s
Episcopal Hospital, Houston, TX

James L. M. Ferrara, M.D

Division of Hematology Oncology, Department of Internal Medicine,
Department of Pediatrics and Communicable Disease, University

of Michigan Comprehensive Cancer Center and Geriatrics Center,
Ann Arbor, MI

Stephen J. Forman, M.D

Division of Medical Oncology and Therapeutics Research, Division of
Hematology and Hematpoietic Cell Transplantation, Division of Hematology
and Bone Marrow Transplant, Division of Cancer Immunotherapeutics and
Tumor Immunology, City of Hope National Medical Center, Duarte, CA

Sergio Giralt, M.D
Department of Stem Cell Transplantation and Cellular Therapy, MD
Anderson Cancer Center, Houston, TX

John G. Gribben, M.D
Department of Medical Oncology, St. Bartholomew’s Hospital, London,
United Kingdom

Stephen Gottschalk, M.D

Center for Cell and Gene Therapy, Texas Children’s Cancer Center,
Departments of Pediatrics, Medicine, Immunology, and Molecular Virology
and Microbiology, Baylor College of Medicine, The Methodist Hospital,
Houston, TX

Helen E. Heslop, M.D
Division of Center for Cell and Gene Therapy, The Methodist Hospital and
Texas Children’s Hospital, Houston, TX

Elizabeth O. Hexner, M.D
Division of Hematology, Department of Medicine, Abramson Cancer Center,
the University of Pennsylvania



Contributors

Vincent T. Ho, M.D
Division of Hematology Malignancies, Department of Medical Oncology,
Dana Farber Cancer Institute, Boston, MA

Mitchell E. Horwitz, M.D
Duke University Medical Center, Durham, NC

Carolyn A. Keever-Taylor, Ph.D
Division of Neoplastic Diseases and Related Disorders, Blood and Marrow
Transplantation Program, Medical College of Wisconsin, Milwaukee, WI

John Koreth, M.B.B.S., D.Phil
Division of Hematologic Malignancies, Dana Farber Cancer Institute,
Boston, MA

Rifca Le Dieu, M.B.B.S., M.A.(Cantab), M.R.C.P., M.R.C.Path
Institute of Cancer, Barts and the London School of Medicine, Charterhouse
Square, London, UK

Stephanie J. Lee, M.D., M.P.H
Division of Bone Marrow Transplantation, Seattle Cancer Care Alliance,
Seattle, WA

Erica Linden, M.D
Department of Adult Oncology, Dana - Farber Cancer Institute,
Harvard Medical School, Boston, MA

Francisco M. Marty, M.D
Division of Infectious Diseases, Dana-Farber Cancer Institute and Brigham
and Women’s Hospital, Harvard Medical School, Boston, MA

Robert S. Negrin, M.D
Department of Medicine, Stanford University, Stanford, CA

Emerson C. Perin, M.D., Ph.D
St. Luke’s Episcopal Health System, Texas Heart Institute, Houston, TX

Effie W. Petersdorf, M.D
Division of Clinical Research, Fred Hutchinson Cancer Research Center,
Seattle, WA

Uday Popat, M.D
Department of Stem Cell Transplantation and Cellular Therapy, University of
Texas M.D. Anderson Cancer Center, Houston, TX

Aravind Ramakrishnan, M.D
Fred Hutchinson Cancer Research Center, University of Washington,
Seattle, WA

Pavan Reddy, M.D
University of Michigan Comprehensive Cancer Center and Geriatrics Center,
Ann Arbor, MI

Paul Richardson, M.D
Division of Hematology Malignancies, Department of Medical Oncology,
Dana Farber Cancer Institute, Boston, MA

XV



xvi

Contributors

Cliona M. Rooney, Ph.D

Center for Cell and Gene Therapy, Texas Children’s Cancer Center,
Departments of Pediatrics, Medicine, Immunology, and Molecular Virology
and Microbiology, Baylor College of Medicine, The Methodist Hospital,
Houston, TX

Brenda M. Sandmaier, M.D
Division of Clinical Research, Fred Hutchinson Cancer Research Center and
University of Washington, Seattle, WA

Robert L. Schlossman MD

Division of Hematologic Malignancies
Dana Farber Cancer Institute

44 Binney Street

Boston MA 02115

Guilherme V. Silva, M.D
Department of Adult Cardiology, Texas Heart Institute at St. Luke’s
Episcopal Hospital; and Baylor College of Medicine, Houston, TX

Thomas R. Spitzer, M.D
Division of Hematologic Oncology, Department o Medicinef, Massachusetts
General Hospital, Boston, MA

Anthony Stein, M.D
Division of Hematology and Hematopoietic Cell Transplantation, City of
Hope Comprehensive Cancer Center, Duarte, CA

John Sweetenham, M.D
Department of Hematologic Oncology and Blood Disorders, Cleveland
Clinic, Cleveland, OH

Georgia V. Vogelsang, M.D
Department of Oncology, The John Hopkins Hospital, Baltimore, MD

Daniel Weisdorf, M.D
Department of Medicine, University of Minnesota Medical School,
Minneapolis, MN

Catherine J. Wu, M.D
Division of Hematology Malignancies, Department of Medical Oncology,
Dana Farber Cancer Institute, Boston, MA

Gregory Yanik, M.D

Department of Pediatrics, Division of Hematology/Oncology, Blood and
Marrow Transplantation Program, University of Michigan Cancer Center,
Ann Arbor, MI





