Principles and Practice of

Genitourinary
Oncology

Derek Raghavan, MBBS, PhD, FRACP, FACP
Chief, Departments of Solid Tumor Oncology
and Investigational Therapeutics
Roswell Park Cancer Institute and
Professor of Medicine and Urology
State University of New York at Buffalo
Buffalo, New York

Steven A. Leibel, MD
Vice Chairman and Clinical Director
Attending Radiation Oncologist
Department of Radiation Oncology
Memorial Sloan-Kettering Cancer Center
New York, New York

Howard 1. Scher, MD
Chief, Genitourinary Oncology Service
Associate Attending Physician
Division of Solid Tumor Oncology
Department of Medicine
Memorial Sloan-Kettering Cancer Center
New York, New York

Paul Lange, MD, FACS
Professor and Chair .
Department of Urology
University of Washington
Seattle, Washington

With 226 Additional Contributors

Lippincott - Raven

A

P U B

Philadelphia -

[A)OCKET

LARM

$ H E R §
New York

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Developmental Editor: Eileen Wolfberg Jackson
Project Editor; Ellen M. Campbell

Production Manager: Caren Erlichman

Production Coordinator; MaryClare Malady
Design Coordinator; Doug Smock

Indexer: Steve Sorenson

Compositor: Maryland Composition Company, Inc.
Printer: Courier Book Company/Westford

Copyright © 1997 by Lippincoti~Raven Publishers. All rights reserved. This book is
protected by copyright. No part of it may be reproduced, stored in & retrieval system,
or transmitted, in any form or by any means—electronic, mechanical, photocopy,
recording, or otherwise—without the prior written permission of the publisher, except
for brief quotations embodied in critical articles and reviews, Printed in the United
States of America. For information write Lippincott—Raven Publishers, 227 East
Washington Square, Philadelphia, PA 19106-3780.

Materials appearing in this book prepareed by individuals as part of their official duties
as U.S, Govemment employees are not covered by the above-mentioned copyright.

Library of Congress Cataloging-in-Publication Data

Principles and practice of genitourinary oncology / Derek Raghavan ..,
{et al.) ; with 226 additional contributors.
. om,
Includes bibliographical references and index.
ISBN 0-397-51458-1 (alk. paper)
1. Genitourinary organs—Cancer. 1. Raghavan, Derek.
[DNLM: 1. Urogenital Neoplasms. WJ 160 P9573 1996)
RC280.U74P746 1996
616.99'26—dc20
DNLM/DLC
for Library of Congress 96-8893
CIP

Care has been taken to confirm the accuracy of the information presented and to
describe generally accepted practices. However, the authors, editors, and publisher are
not respansible for errors or omissions or for any consequences from application of the
information in this book and make no warranty, express or implied, with respect to the
contents of the publication.

The authors, editors, and publisher have exerted every effort to ensure that drug
selection and dosage set forth in this text are in accordance with carrent
recommendations and practice at the time of publication, However, in view of ongoing
research, changes in government regulations, and the constant flow of information
relating to drug therapy and drug reactions, the reader is urged to check the package
insert for each drug for any change in indications and dosage and for added wamings
and precauntions. This is particularly important when the recommended agent is a new
or infrequently employed drug.

Some drugs and medical devices presented in this publication have Food and Drug
Administration (FDA) clearance for limited use in restricted research settings. It is the
responsibility of the health care provider to ascertain the FDA status of each drug or
device planned for use in their clinical practice.

987654321

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

AT G n 4 o iy i

1
!
z
x|
A
i
3
;
¥

i Lt AT

e

S R R e T -

‘1:('-*.‘.ir 0

CHAPTER 2

Principles and Practice of Genitourinary Oncelogy, edited by .
Derek Roghavan, Howard I Scher, Steven A. Leibel, and Paul H.
Lange, Lippincott-Raven Publishers, Philadelphia, © 1997.

Biology of Metastasis: Studies in Renal Cancer

Colin P. N. Dinney and Isaiah J. Fidler

For many patients with cancer, metastasis has occurred by the
time of diagnosis. The major barrier to the effective treatment
of their metastases is the biologic heterogeneity of neoplastic
cells. This heterogeneity is exhibited in numerous genetic, bio-
chemical, immunologic, and biologic characteristics, such as
cell-surface receptors, enzymes, karyotype, cell morphology,
growth properties, sensitivities to various therapeutic agents,
and ability to invade and produce metastasis.'~’

Understanding the mechanisms responsible for the develop-
ment of the biologic heterogeneity of cancer and the process
by which tumor cells invade local tissues and spread to distant
organs is a primary goal of cancer research. This review de-
scribes the way in which the development of relevant preclinical
models for human renal cell carcinoma has facilitated the study
of the biclogy of metastasis.

PATHOGENESIS OF A METASTASIS

The process of cancer metastasis consists of a series of se-
guential steps, each of which can be rate limiting.® After cellular
transformation, either unicellular or multicellular, growth of
neoplastic cells is progressive, but extensive vascularization
must occur if a tumor mass is to exceed 2 mm in diameter.?
Local invasion of the host stroma by some tumor cells, the next
step, can occur by several mechanisms that are not mutually
exclusive.” For example, thin-walled venules and lymphatic
channels, which offer little resistance to penetration by tumor
cells, provide the most common pathways for tumor cell entry
into the circulation. Detachment of small tumor cell aggregates
and embolization occur next. The fumor cells that survive the
circulation must lodge in the capillary beds of organs. Extrava-
sation follows, probably by the same mechanisms that influence
mitial invasion. Proliferation within the organ parenchyma
completes the metastatic process (Fig. 2-1). To produce detecta-
ble lesions, the metastases must develop a vascular netwotk,
evade the host immune system,? and respond to organ-specific
factors that influence their growth.'®!! Once they do so, meta-
static cells can invade host stroma, penetrate blood vessels, and
enter the circulation to produce further metastases, the so-called
““metastasis of metastases."'%3

Only a few cells in a primary tumor can give rise to clinical
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metastasis, partly because of the elimination of disseminating
tumor cells that fail to complete any step in metastasis.’? Using
radiolabeled B16 melanoma cells, researchers observed that, by
24 hours after entry of the cells into the circulation, <1% of
the cells were still viable, and <0.01% of tumor cells placed
into the circulation survived to produce metastases.'” These
observations brought into question whether the development of
metastases represents the chance survival and growth of neo-
plastic cells or the selective growth of unique subpopulations
of malignant cells endowed with special properties. In other
words, can any cell growing in a primary neoplasm produce
metastases, or do only specific and unique cells possess the
appropriate properties that enable them to metastasize? Most
recent data conclude that neoplasms are biologically heteregen-
ous and the process of metastasis is indeed selective.

ROLE OF THE ORGAN ENVIRONMENT

Clinical observations of cancer patients and preclinical stud-
ies with experimental rodent tumors have demonstrated that
certain tumors produce metastasis to specific organs indepen-
dent of vascular anatomy, rate of blood flow, or the number of
tumor cells delivered to each organ. For instance, the distribu-
tion and fate of hematogenously disseminated, radiolabeled
melanoma cells in experimental rodent systems amply demon-
strate that tumor cells reach the microvasculature of many or-
gans.'?-'% Extravasation into the organ parenchyma and prolif-
eration of tumor cells occur only in certain organs, however.
Therefore, the mere presence of viable tumor cells in a particular
organ does not always predict that the cells will proliferate to
produce metastases.!®13-16

The search for the mechanisms that regulate the pattern of
metastasis began more than a century ago when, in 1889,
Paget questioned whether the distribution of metastases was
due to chance. Paget therefore analyzed 735 autopsy records
of women with breast cancer, and the nonrandom pattern of
visceral metastases suggested to him that the process was not
due to chance, but rather; certain tumor cells (the ‘‘seed'") had
a specific affinity for the milieu of certain organs (the ‘‘soil*’).
Metastases resulted only when the appropriate seed and soil
were matched.’
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FIG. 2-1. The pathogenesis of cancer metastasis. To produce clinically relevant metastases, tumor
cells in a primary neoplasm must compleie a series of sequential, selective, and rate-limiting steps.

Experimental data supporting the ‘“seed and soil’’ hypothesis
came from studies on the preferential invasion and growth of
B16 melanoma metastases in specific organs.'® When the B16
melanoma cells were injected into the circulation of syngeneic
mice, tumors developed in the lungs and in fragments of lung or
ovarian tissue implanted intramuscularly. In contrast, metastatic
lesions did not develop in renal tissue implanted as a control
organ or at the site of surgical trauma.'® This study confirmed
that the production of metastasis was determined not only by
the characteristics of the neoplastic cells, but also by the micro-
environment of the host tissue, In vitro experiments demonstrat-
ing organ-selective adhesion, invasion, and growth also support
Paget's hypothesis.'” Using the B16 melanoma system, cells
with increased capacity for organ adhesion, invasion, and
growth have been isolated.!%1°-2* Moreover, experiments with
organ tissue-derived soluble growth factors indicate that soil
factors can have profound effects on certain tumor cell subpopu-
lations.'?

Although clinical observations have suggested that carcino-
mas frequently metastasize through the lymphatic system, and
malignant tumors of mesenchymal origin more often spread by
the hematogenous route, the presence of numerous venolym-
phatic anastomoses invalidates this belief.® The circulatory
anatomy influences the dissemination of many malignant cells;
however, it cannot, as Ewing proposed,?® fully explain the pat-
terns of distribution of numerous tumors. Ethical considerations
rule out the experimental analysis of cancer metastasis, as stud-
ied in laboratory animals, in patients. The introduction of perito-
neovenous shunts for palliation of malignant ascites has, how-
ever, provided an opportunity to study some factors affecting
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metastatic spread in humans.?”?* Good palliation with minimal
complications was reported for 29 patients with various neo-
plasms. The autopsy findings in 15 patients substantiated the
clinical observations that the shunts do not significantly increase
the risk of visceral organ metastasis. In fact, despite continuous
entry of hundreds of millions of tumor cells into the circulation,
metastases in the lung (the first capillary bed encountered) were
unusual.?’?® These results provide compelling verification of
the seed and soil hypothesis.

METASTATIC HETEROGENEITY

Populations of cells that differ in metastatic potential have
been isolated from the parent neoplasm, a finding that supports
the hypothesis that not all the cells in a primary tumor can
successfully disseminate. Two general approaches have been
used. In the first, metastatic cells are selected in vivo: tumor
cells are implanted into mice, and metastatic lesions are har-
vested. The cells recovered can be expanded in culture or used
immediately to repeat the process. The cycle is repeated several
times, and the behavior of the cycled cells is compared with
that of the cells of the parent tumor. This procedure was origi-
nally used to isolate the B16-F10 line from the wild-type B16
melanoma,?® and it has since also been successful in producing
tumor cell lines with increased metastatic capacity from many
other experimental tumors.® In the second approach, cells are
selected for the enhanced expression of a phenotype believed
to be important in one or another step of the metastatic sequence,
and then they are tested in the appropriate host to determine
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whether concomitant metastatic potential has been increased or
decreased.

The first experimental proof of metastatic heterogeneity in
neoplasms was provided by Fidler and Kripke in 1977, in stud-
jes with mouse B16 melanoma.?” Using the modified flictua-
tion assay of Luria and Delbruck,?® Fidler and Kripke showed
that distinct tumor cell clones, each derived from individual
cells isolated from the parent tumor, varied dramatically in their
potential to form pulmonary nodules after intravenous inocula-
tion into syngeneic mice. Control subcloning procedures dem-
onstrated that the observed divérsity was not a consequence of
the cloning procedure.?’

To exclude the possibility that the metastatic heterogeneity
found in the B16 melanoma cells may have been introduced as
a result of lengthy cultivation, Kripke studied the biologic and
metastatic heterogeneity of a mouse melanoma induced in C;H
mice by long-term exposure to ultraviolet B radiation and paint-
ing with croton 0il.2? One mouse thus treated developed a mela-
noma designated K-1735. The original X-1735 melanoma was
established in culture and immediately cloned.?®*' The clones
differed from each other and from the parent tumor in their
ability to produce lung metastases. Moreover, the metastases
demonstrated significant variability in their size and pigmenta-
tion. Metastases to the lymph nodes, brain, heart, liver, and skin
were found in addition to lung metastases; those growing in
the brain were uniformly melanotic, whereas those growing in
other organs generally were not,*%!

MODELS FOR HUMAN RENAL CANCER
METASTASIS

The concept that neoplasms are heterogeneous and contain
subpopulations of cells with different patterns of biologic be-
havior, including metastatic ability, i8 no longer controversial,
Studies in most rodent tumor systems have also demonstrated
that metastasis is a selective process,?*232 metastases can have
a clonal origin,>*® metastases can develop from the expansion
of a single cell,®® and the host organ microenvironment can
profoundly influence the growth of metastatic tumor cells:® Al-
though most data on the metastatic heterogeneity of neoplasms
and on host-tumnor cell interactions during the metastatic process
have been derived from studies in nonhuman systems, evidence
is now accumulating about the biology of metastasis by cells
isolated from surgical specimens of human cancers. In large
measure, this accumulation of evidence has been due to recent
improvements in the use of in vivo models for the isolation of
metastatic subpopulations of human cancer cells and for testing
of their metastatic potential. With the discovery of the athymic
T cell-deficient nude mouse, its use as a recipient for human
xenografts, and its adaptation for the study of human cancer
growth and metastasis, many aspects of the biology of human
cancer can now be studied. Reports on the metastatic ability of
human tumors subseguent to implantation into nude mice have
recently increased,***° and several reports have concluded that
the metastatic capacity of hurnan tumor cells in nude mice is
influenced by variations in experimental techniques.*"*? Fidler
has shown that the capacity to produce metastasis from human
tumor cell lines of long duration®>* or of recent origin®—*®
depends both on the injection site ang on the intrinsic properties
of the cells.?
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An appropriate model for studies of human cancer metastasis
must meet two rigid demands: it must use metastatic cells
(seed), and it must grow in the relevant organ environment
(soil). To study the properties of metastatic subpopulations from
surgical specimens of human cancers, methods for their isola-
tion, propagation, and testing must be developed.

The study of the biology of human renal cell carcinoma
(HRCC) has been facilitated by the development of relevant in
vivo models. Orthotopic implantation of HRCC cells allows for
the isolation of tumor cells capable of producing metastasis to
the lymph nodes, lung, and other organs. Furthermore, this sys-
tem allows for analysis of the properties that identify metastatic
HRCC under in vivo conditions. '

ESTABLISHMENT OF RENAL CANCER CELL
LINES

We have used two HRCC cell lines, the SN12 and KG-2, to
study the metastatic potential of HRCC. Naito and associates
established the SN12 renal cell carcinoma line from a radical
nephrectomy specimen of a renal cell carcinoma in a 43-year-
old man.*® A cell suspension with high viability was divided
into three aliquots. One was used to produce a tissue culture line
designated SN12C. The second was injected subcutaneously in
the lateral aspect of the anterior thoracic wall of several nude
mice. Two months later, a subcutaneous tumor was excised and
dissociated enzymatically. The cells were established in culture,
and the line was designated SN12S1. The third aliquot was
injected into the kidneys of nude mice. Several weeks later, a
large tumor was harvested: In one mouse, a grossly visible
tumor nodule was found in the liver, and the peritoneum con-
tained ascitic fluid. Tumor cells isolated from the kidney tumor
and the liver nodule were established as individual cell lines in
culture and designated lines SN12K1 and SN12L1, respec-
tively. The cell line established from the ascitic cells was desig-
nated SN12A1.

The cells of the HRCC lines grew on plastic as monolayer
cultures with similar morphologic features. The human origin
of all five cell lines was ascertained by detailed karyotypic -
analysis and isoenzyme determinations. No contamination with
mouse cells was found in any of the lines.

Similarly, the KG-2 cell line was isolated from a surgical
specimen subsequent to radical nephrectomy in a 58-year-old
man. Cells were injected into the subcutis, kidney, cecal wall,
and spleen of nude mice. Tumor grew in the subcutis and kid-
ney, and only kidney tumors produced distant metastases.

BIOLOGIC BEHAVIOR OF THE DIFFERENT
HRCC LINES

Subsequent experiments showed that the five HRCC SN12
cell lines consisted of cells with different biologic properties,
including growth in vivo at ectopic and orthotopic sites and
prodl:;:tion of experimental and spontaneous metastasis (Table
2-1).

The in vitro tumor cell doubling time did not differ signifi-
cantly among the cell lines. All lines were tumorigenic at subcu-
taneous sites, but SN12L1 cells (developed from a metastasis)
grew at the fastest rate, whereas SN [2A1 cells (ascites) were the
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