Preface

i

CHEMORADIATION IN CANCER THERAPY

ii

Preface

CANCER DRUG DISCOVERY
AND DEVELOPMENT
Beverly A. Teicher, Series Editor
Oncogene-Directed Therapies, edited by Janusz Rak, 2003
Cell Cycle Inhibitors in Cancer Therapy: Current Strategies, edited by Antonio Giordano
and Kenneth J. Soprano, 2003
Chemoradiation in Cancer Therapy, edited by Hak Choy, 2003
Fluoropyrimidines in Cancer Therapy, edited by Youcef M. Rustum, 2003
Targets for Cancer Chemotherapy: Transcription Factors and Other Nuclear Proteins,
edited by Nicholas B. La Thangue and Lan R. Bandara, 2002
Tumor Targeting in Cancer Therapy, edited by Michel Pagé, 2002
Hormone Therapy in Breast and Prostate Cancer, edited by V. Craig Jordan and
Barrington J. A. Furr, 2002
Tumor Models in Cancer Research, edited by Beverly A. Teicher, 2002
Tumor Suppressor Genes in Human Cancer, edited by David E. Fisher, 2001
Matrix Metalloproteinase Inhibitors in Cancer Therapy, edited by Neil J. Clendeninn
and Krzysztof Appelt, 2001
Farnesyltransferase Inhibitors in Cancer, edited by Saïd M. Sebti and Andrew D. Hamilton,
2001
Platinum-Based Drugs in Cancer Therapy, edited by Lloyd R. Kelland and Nicholas P.
Farrell, 2000
Apoptosis and Cancer Chemotherapy, edited by John A. Hickman and Caroline Dive,
1999
Signaling Networks and Cell Cycle Control: The Molecular Basis of Cancer and Other
Diseases, edited by J. Silvio Gutkind, 1999
Antifolate Drugs in Cancer Therapy, edited by Ann L. Jackman, 1999
Antiangiogenic Agents in Cancer Therapy, edited by Beverly A. Teicher, 1999
Anticancer Drug Development Guide: Preclinical Screening, Clinical Trials, and
Approval, edited by Beverly A. Teicher, 1997
Cancer Therapeutics: Experimental and Clinical Agents, edited by Beverly A. Teicher, 1997

Preface

iii

CHEMORADIATION
IN CANCER THERAPY
Edited by

HAK CHOY, MD
Department of Radiation Oncology,
Vanderbilt University Medical Center,
Nashville, Tennessee

SPRINGER SCIENCE+BUSINESS
MEDIA, LLC

iv

Preface

To my wife Sunny and my children Natalie, Alex, and Megan,
whose love and support make my work possible.
© 2003 Springer Science+Business Media New York
Originally published by Humana Press Inc in 2003
Softcover reprint of the hardcover 1st edition 2003

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 assure 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 and 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 manufacturer of each drug for any change in dosages or for additional warnings and contraindications. This is of utmost importance when
the recommended drug herein is a new or infrequently used drug. It is the responsibility of the treating physician to determine
dosages and treatment strategies for individual patients. Further 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.
Production Editor: Adrienne Howell.
Cover illustration: Figure 4 from Chapter 12, “Combined Modality Therapy in Locally Advanced Breast Cancer,” by Silvia C.
Formenti and Matthew Volm.
Cover design by Patricia F. Cleary.
This publication is printed on acid-free paper. '
ANSI Z39.48-1984 (American National Standards Institute)
Permanence of Paper for Printed Library Materials
Photocopy Authorization Policy:
Authorization to photocopy items for internal or personal use, or the internal or personal use of specific clients, is granted by
Springer Science+Business Media, LLC .,
provided that the base fee of US $20 00 per copy is paid.directly to the Copyright Clearance Center at 222
Rosewood Drive, 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 Springer Science+Business Media, LLC .
10 9 8 7 6 5 4 3 2 1
Library of Congress Cataloging-in-Publication Data
Chemoradiation in cancer therapy/edited by Hak Choy.
p. ; cm. — (Cancer drug discovery and development)
ISBN 978-1-61737-313-8
ISBN 978-1-59259-325-5 (eBook)
DOI 10.1007/978-1-59259-325-5
1. Cancer—Adjuvant treatment. 2. Cancer—Chemotherapy. 3. Cancer—Radiotherapy. I. Choy,
Hak. II. Series.
[DNLM: 1. Neoplasms—drug therapy. 2. Neoplasms--radiotherapy. 3. Combined Modality Therapy. QZ 266
C5174 2003]
RC271.A35 C445 2003
616.99'406--dc21
2002027347

Preface

v

PREFACE
As the treatment of cancer continues to evolve, clinicians are constantly seeking new
and innovative strategies to expand the use of currently available treatment modalities.
Among the different strategies to improve therapy, the combining of chemotherapeutic
drugs with radiation has perhaps had the strongest impact on current solid tumor treatment practice. This combination has been in use for many decades, but now has become
a common treatment option in many clinical settings. This is particularly true for concurrent chemoradiotherapy, which in many recent clinical trials has been shown to be superior to radiotherapy alone in controlling local–regional disease and in improving patient
survival. Combining chemotherapeutic drugs with radiotherapy has a strong biologic
rationale. Such agents reduce the number of cells in tumors undergoing radiotherapy by
their independent cytotoxic action and by rendering tumor cells more susceptible to
killing by ionizing radiation. An additional benefit of combined treatment is that chemotherapeutic drugs, by virtue of their systemic activity, may also act on metastatic disease.
Most drugs have been chosen for combination with radiotherapy based on their known
clinical activity in particular disease sites. Alternatively, agents that are effective in
overcoming resistance mechanisms associated with radiotherapy could be chosen. There
have been recent clinical successes of concurrent chemoradiotherapy using traditional
drugs, such as cisplatin and 5-FU, but these studies have led to extensive research on
exploring newer chemotherapeutic agents for their interactions with radiation. A number
of new potent chemotherapeutic agents, including taxanes, nucleoside analogs, and
topoisomerase inhibitors, have entered clinical trial or practice. Preclinical testing has
shown that they are potent enhancers of radiation response and thus might further
improve the therapeutic outcome of chemoradiotherapy. Also, there are rapidly emerging molecular targeting strategies aimed at improving the efficacy of chemoradiotherapy.
All these important aspects of combined modality therapy in solid tumors are discussed
in this book, particularly for tumors that historically have had a poor prognosis and few
treatment options.
Curry and Curran review the literature on the combined modality treatment of patients
with malignant glioma, focusing on the data from prospective randomized trials, and
discuss future directions in research to improve outcome for patients affected by this
disease. It is clear that any one systemic agent or multiagent regimen will not have
substantial effects on altering the natural history of malignant glioma. A significant
improvement in survival will be realized only when improvements in local–regional
control are combined with progress in the systemic management of the disease. Specific
opportunities to improve surgical and radiotherapy approaches to this disease need to be
explored concurrently with development of novel agents targeted to modify the biologic
response of these tumors to chemotherapy and radiation. However, novel approaches
when combining standard cytotoxic chemotherapy agents with new cytotoxic and cytostatic agents and improved radiotherapy techniques are promising in promoting
v
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decreased radioresistance, toxicities, and possibly increased overall survival of head and
neck cancer. Outside of an academic setting, cisplatin and 5-FU still remain the standard
of treatment. Though more aggressive, as mentioned in Drs. Eng and Vokes’ chapter,
these drugs have overall demonstrated improved response rates in locally advanced and
recurrent disease. Newer agents will continue to be discovered and provide a basis for
further consideration in the treatment of head and neck cancer.
It is apparent that significant progress has been made in improving the outcome of
treatment for stage III nonsmall-cell lung cancer, even though there is still a long way to
go before victory can be declared. It is clear that radiation alone and surgery alone are
inadequate for most stage III disease. Preoperative radiation therapy alone is of limited
benefit. Postoperative radiation is controversial, but there may be a limited role in resected
N2 patients. For selected stage III cases (N2), there may be a role for surgery after
chemoradiation, but this conclusion awaits the outcome of a major phase III study. For
inoperable stage III disease, combined modality now appears to be the new standard of
care. Concurrent chemoradiation seems to be superior to sequential chemoradiation, but
combined sequential followed by concurrent chemoradiation remains under investigation as does consolidative chemotherapy after concurrent chemoradiation. The best results combining chemotherapy with radiation therapy were also seen in limited-stage
small-cell lung cancer. At this time, standard treatment for patients with limited-stage
small-cell lung cancer is early concurrent twice-daily radiation therapy of 1.8 Gy fractions for a total dose of 45 Gy and platinum-based chemotherapy.
As discussed by Brahmer et al., newer chemotherapy regimens emerge for the
treatment of small-cell lung cancer, and these regimens are currently undergoing evaluation for combining chemo- and radiation therapy. As far as esophageal cancer goes,
results from surgery alone or primary chemoradiation are equivalent, and both can be
offered as options for patients with locally advanced esophageal cancer. The optimal
treatment may be based on individual patient selection criteria such as the ability to
undergo major surgery, histology, and the location of the tumor. The fact that local
recurrence is high despite primary chemoradiation, provides a rationale for tri-modality
therapy that includes surgery following preoperative chemoradiation.
The major advance in the treatment of local–regional gastric carcinoma had been
the new standard of adjuvant chemoradiotherapy following a curative resection.
Laparoscopy is more or less established as a staging procedure prior to surgery. Staging
with endoscopic ultrasonography has improved. New strategies will include the use of
preoperative approaches and incorporation of new agents. Similar to the carcinoma of the
esophagus, the use of molecular markers to predict response and survival is needed.
Investigative efforts are underway to further improve the results of multimodality therapy
of colorectal carcinoma. In addition to phase III trials discussed in Chapter 14, other
studies are incorporating novel chemotherapeutic agents to improve systemic control and
radiosensitization, to optimize physical delivery of radiation, and to perform risk stratification with current molecular and genetic techniques. Chronomodulation may have a
role in combined modality therapy for colorectal cancer by affecting higher response
rates and less stomatitis and neuropathy in metastatic colorectal carcinoma and may
become a viable option for treatment of primary disease.
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The inferior results with radiotherapy alone compared to cystectomy in patients with
muscle-invasive disease have prompted a large number of trials adding systemic chemotherapy to radiotherapy in an attempt to increase local control and eliminate
micrometastatic disease frequently present at the time of diagnosis of muscle-invasive
disease.
As discussed by Dr. Roth, it is not easy to directly compare surgical series with trials
of bladder-sparing approaches. A number of confounding factors can potentially complicate the interpretation of trials of chemoradiotherapy, including the effect of the TURBT
on the natural history of this disease, the errors of clinical staging both before and after
chemotherapy/radiotherapy, and the endpoints utilized to determine efficacy. Nonetheless, his approach can certainly be offered to patients who are not surgical candidates
because of medical co-morbidities, or the occasional patient who refuses surgical intervention. Recent studies in a variety of gynecologic malignancies have convincingly
demonstrated that concurrent chemotherapy can significantly improve the outcome of
some patients who require radiation therapy for treatment of their disease. Despite the
fact that controversies persist about the indications for chemoradiation and ideal drug
regimens, the fundamental value in patients with loco–regionally advanced cervical
cancer has been established.
The chapter by Dr. Eifel reviews trials of chemoradiation in cervical cancer, including
the recent trials that established the value of this approach, and discusses several questions that remain to be resolved regarding this treatment, including the ideal dose and
schedule and the effect of chemoradiation on compliance and complications.
One of the most exciting areas of combined modality therapy is the specific
molecular targeted therapy in combination with radiation. Over the past decade there has
been a quantum increase in the understanding of molecular mechanisms that underlie the
process of tumor development, proliferation, invasion, and metastasis.
This has led to a growing awareness of mechanisms by which tumors and normal tissue
are able to overcome damage from radiation injury. This knowledge has resulted in a vast
amount of preclinical study of ways that these molecular abnormalities may be specifically targeted to result in clinical benefit, not only by potentially impacting on systemic
disease, but by enhancing radiosensitivity. The last part of this book describes some of
these agents and pathways.
Although we have made significant progress in our understanding of the role of combined modality therapy, much remains to be accomplished. Current and future research
may provide exciting opportunities to improve response and survival for patients with
tumors previously associated with a dismal prognosis.

ACKNOWLEDGMENT
I would like to thank my assistant, Laura Jewell Tyree, for her attention to detail and
her many hours devoted to editing.
Hak Choy, MD

Preface

ix

CONTENTS
Preface ............................................................................................................................ v
Contributors ................................................................................................................... ix

PART I.

GENERAL/BACKGROUND ...................................................... 1
1

Chemoradiation: Biological Principles and Perspectives ...................... 3
Hak Choy and Robert M. MacRae

2

Fluoropyrimidines as Radiation Sensitizers .......................................... 23
Muhammad Wasif Saif and Robert B. Diasio

PART II. MECHANISMS OF INTERACTION OF SPECIFIC
CHEMOTHERAPEUTIC AGENTS WITH RADIATION .................... 45
3

The Role of Platinum Complexes in Combined Modality
Therapy ....................................................................................... 47
Beverly A. Teicher

4

Taxanes in Combined Modality Therapy .............................................. 65
Robert M. MacRae and Hak Choy

5

Camptothecin Radiation Sensitization................................................... 93
Tyvin A. Rich

6

The Role of Gemcitabine in Combined Modality Therapy ................ 105
Jerome Landry, William Blackstock, Robert M. MacRae,
Gary Yang, and Hak Choy

PART III. CLINICAL APPLICATIONS ................................................... 127
7

Chemoradiation Strategies for Patients with Malignant
Gliomas ..................................................................................... 129
Heather A. Curry and Walter J. Curran, Jr.

8

Combined Modality Strategies in the Treatment of Head
and Neck Cancer ....................................................................... 145
Cathy Eng and Everett E. Vokes

9

The Role of Combined Modality Therapy for Stage III
Nonsmall-Cell Lung Cancer ..................................................... 175
Roger W. Byhardt

10

Combined Modality Treatment of Small-Cell Lung Cancer .............. 197
Julie R. Brahmer, Larry Kleinberg, and David S. Ettinger

ix

x

Contents
Preface

12

Combined Modality Therapy in Locally
Advanced Breast Cancer .......................................................... 237
Silvia C. Formenti and Matthew Volm

13

Combined Modality Therapy for Gastric, Pancreatic,
and Biliary Tract Carcinomas .................................................. 253
Alexandria Phan and Jaffer A. Ajani

14

Chemoradiation in Therapy for Colon and Rectum
Carcinoma ................................................................................. 271
Jason H. Lee and Christopher G. Willett

15

Chemoradiotherapy in Muscle-Invasive Bladder Cancer ................... 291
Bruce J. Roth

16

The Role of Combined Chemotherapy and Radiation Therapy
in the Treatment of Gynecologic Malignancies....................... 303
Patricia J. Eifel

PART IV. SPECIFIC MOLECULAR TARGETED AGENTS ........................ 321
17

Overview of Specific Molecular Targeted Agents
for Combined Modality Therapy ............................................. 323
Scott Saxman and Janet Dancey

18

Receptor Tyrosine Kinases as Therapeutic Targets
in Solid Tumors ........................................................................ 339
Stacy L. Moulder and Carlos L. Arteaga

19

Adenoviral p53 Gene Therapy Strategies
in Nonsmall-Cell Lung Cancer ................................................ 349
Stephen G. Swisher and Jack A. Roth

20

Tumor Microvasculature as a Therapeutic Target
During Radiotherapy ................................................................ 359
Dennis E. Hallahan and Don Stacy

21

Cancer Drug Discovery and Development: Maximizing
the Therapeutic Potential of Matrix Metalloproteinase
Inhibitors for the Treatment of Cancer .................................... 379
Jeffrey S. Humphrey, Karen Price, Elora Gupta, Andrew Baxter,
John Bird, Daryl Sonnichsen, and Joseph Naglich

22

The Role of Cyclooxygenase-2 Inhibitors in Combined Modality
Therapy ..................................................................................... 391
Hong Pyo, Raymond N. DuBois, and Hak Choy

Index ............................................................................................................... 409

Preface

xi

CONTRIBUTORS
JAFFER A. AJANI • Department of Gastrointestinal Oncology, The University of Texas
M. D. Anderson, Cancer Center, Houston, Texas
CARLOS L. ARTEAGA • Department of Medicine and Cell Biology, Vanderbilt-Ingram
Cancer Center, Nashville, TN
ANDREW BAXTER • Celltech Chiroscience, Great Abington, Cambridge, United Kingdom
JOHN BIRD • Celltech Chiroscience, Great Abington, Cambridge, United Kingdom
WILLIAM BLACKSTOCK • Radiation Oncology and Cancer Biology, Wake Forest
University Medical Center, Winston-Salem, NC
JULIE R. BRAHMER • The Sidney Kimmel Comprehensive Cancer Center at Johns
Hopkins, Baltimore, MD
ROGER W. BYHARDT • Department of Radiation Oncology, Medical College of
Wisconsin, Milwaukee, WI
BAPSI CHAK • Department of Radiation Oncology, Vanderbilt University Medical
Center, Nashville, TN
HAK CHOY • Department of Radiation Oncology, Vanderbilt University Medical
Center, Nashville, TN
WALTER J. CURRAN, JR. • Department of Radiation Oncology, Thomas Jefferson
University Hospital, Philadelphia, PA
HEATHER A. CURRY • Department of Radiation Oncology, Thomas Jefferson
University Hospital, Philadelphia, PA
JANET DANCEY • Investigational Drug Branch, Cancer Therapy Evaluation Program,
National Cancer Institute, Bethesda, MD
ROBERT B. DIASIO • Department of Pharmacology & Toxicology, University of
Alabama at Birmingham (UAB) Comprehensive Cancer Center, Birmingham, AL
RAYMOND N. DUBOIS • Department of Gastroenterology, Vanderbilt University
Medical Center, Nashville, TN
PATRICIA J. EIFEL • The University of Texas M.D. Anderson Cancer Center, Houston, TX
CATHY ENG • The University of Texas M.D. Anderson Cancer Center, Houston, TX
DAVID S. ETTINGER • The Sidney Kimmel Comprehensive Cancer Center at Johns
Hopkins, Baltimore, MD
ARLENE FORASTIERE • The Sidney Kimmel Comprehensive Cancer Center at Johns
Hopkins, Baltimore, MD
SILVIA C. FORMENTI • Department of Radiation Oncology, New York University
School of Medicine, New York, NY
ELORA GUPTA • Bristol-Myers Squibb, Wallingford, CT
DENNIS E. HALLAHAN • Department of Radiation Oncology, Vanderbilt University
Medical Center, Nashville, TN
JEFFREY S. HUMPHREY • Bristol-Myers Squibb, Wallingford, CT
LARRY KLEINBERG • The Sidney Kimmel Comprehensive Cancer Center at Johns
Hopkins, Baltimore, MD
xi

xii

Contributors
Preface

JEROME LANDRY • Department of Radiation Oncology, Emory University School of
Medicine, Atlanta, Georgia
JASON H. LEE • Hudner Oncology Center, St. Anne’s Hospital, Fall River, MA
ROBERT M. MACRAE • Ottawa Regional Cancer Centre, Ottawa, Ontario
STACY L. MOULDER • Department of Hematology-Oncology, Vanderbilt Medical
Center, Nashville, TN
JOSEPH NAGLICH • Bristol-Myers Squibb, Wallingford, CT
ALEXANDRIA PHAN • Department of Gastrointestinal Oncology, The University of
Texas M. D. Anderson Cancer Center, Houston, TX
KAREN PRICE • Bristol-Myers Squibb, Wallingford, CT
HONG PYO • Yonsei University College of Medicine, Seodaemun-KU, Seoul, Korea
TYVIN A. RICH • Department of Radiation Oncology, The University of Virginia
Health System, Charlottesville, VA
BRUCE J. ROTH • The Paul V. Hamilton, M. D. and Virginia E. Howd Professor of
Medicine and Urologic Oncology, Vanderbilt-Ingram Cancer Center, Nashville, TN
JACK A. ROTH • Department of Thoracic and Cardiovascular Surgery, The University
of Texas M. D. Anderson Cancer Center, Houston, TX
MUHAMMAD WASIF SAIF • Division of Hematology/Oncology, University of Alabama
at Birmingham (UAB), Comprehensive Cancer Center, Birmingham, AL
SCOTT SAXMAN • Clinical Investigations Branch, Cancer Therapy Evaluation
Program, National Cancer Institute, Bethesda, MD
DARYL SONNICHSEN • Bristol-Myers Squibb, Wallingford, CT
DON STACY • Department of Radiation Oncology, Vanderbilt University Medical
Center, Nashville, TN
STEPHEN G. SWISHER • Department of Thoracic and Cardiovascular Surgery, The
University of Texas M. D. Anderson Cancer Center, Houston, TX
BEVERLY A. TEICHER • Genzyme Corporation, Framingham, MA
EVERETT E. VOKES • Section of Hematology/Oncology, University of Chicago,
Chicago, IL
MATTHEW VOLM • Department of Medicine (Medical Oncology), New York University
School of Medicine, New York, NY
CHRISTOPHER G. WILLETT • Department of Radiation Oncology, Massachusetts
General Hospital, Boston, MA
GARY YANG • Division of Radiation Oncology, The Johns Hopkins Oncology Center,
Baltimore, MD

