


MEDICAL RADIOLOGY

Diagnostic Imaging and Radiation Oncology

Editorial Board
Founding Editors

Current Editors

Diagnostic Imaging

Radiation Oncology

L.W. Brady, M.W. Donner(?,
H.-P. Heilmann, F. H.W. Heuck

A.L. Baert, Leuven
F.H.W. Heuck, Stuttgart
J.E. Youker, Milwaukee

L.W. Brady, Philadelphia
H.-P. Heilmann, Hamburg



Springer
Berlin
Heidelberg
New York
Barcelona
Hong Kong
London
Milan
Paris
Singapore
Tokyo



Z. Petrovich - L. Baert - L.W. Brady (Eds.)

Carcinoma of the Kidney
and Testis, and Rare
Urologic Malignancies

Innovations in Management

With Contributions by

J. A.L.L.Baert - L. Baert - M. Bamberg - A. Belldegrun - G. A. Bogaert - R. Bouillon
L.W.Brady - C. Catton - ]. Classen - F. A. Corso - P. Dal Cin - D.]. M. K. De Ridder
H.Dumez - M. Dzeda - R. A. Figlin - A.]. Figueroa - S. C. Formenti - B. E. Henderson
S.Horenblas - G. Jozsef - B. A. Kogan - ]. E. Lahaniatis - R. Lavey - B. K. Lee - B. Micaily
J. M. Michalski - A. Mohrbacher - P. W. Nichols - R.]. M. Nijman - R.H. Oyen

H.Ozer - A.Pawinski - C.L. Pearce - Z. Petrovich - H. Raat - M. Roach III - T. Roskams
R.K.Ross - C.E.Salem - D. G. Skinner - E. C. Skinner - J. P. Stein - L. Stockx

O.E. Streeter - S.J. Tucker - B. Van Damme - H. Van den Berghe - A. Van den Bruel
A.Van Oosterom - H. P. Van Poppel - L. Vanuytsel - B. M. Verbist - G. A. Verswijvel

W. Wynendaele - M.C.Yu - J.-M. Yuan - C.-S. Zee

Foreword by
L.W. Brady and H.-P. Heilmann

Preface by
Z.Petrovich - L. Baert - L.W. Brady

With 189 Figures in 266 Separate Illustrations, Some in Color and 92 Tables

Springer




ZBIGNIEW PETROVICH, MD, FACR

Professor of Radiation Oncology and Urology

Chairman, Department of Radiation Oncology

University of Southern California School of Medicine
Kenneth Norris Jr. Cancer Hospital and Research Institute
1441 Eastlake Avenue

Los Angeles, CA 90033-004

USA

Luc BAERT, MD, PhD

Professor and Chairman, Department of Urology

Catholic University of Leuven, University Hospitals Gasthuisberg
49, Herestraat

B-3000 Leuven

Belgium

LuTtHER W. BRADY, MD

Hylda Cohn/American Cancer Society
Professor of Clinical Oncology, and

Professor, Department of Radiation Oncology
Allegheny University of the Health Sciences
Allegheny University Hospitals, Hahnemann
Broad & Vine Sts., Mail Stop 200,
Philadelphia, PA 19102-1192

USA

MEDICAL RADIOLOGY - Diagnostic Imaging and Radiation Oncology

Continuation of
Handbuch der medizinischen Radiologie
Encyclopedia of Medical Radiology

ISSN 0942-5373
ISBN-13:978-3-642-64144-2 e-ISBN-13:978-3-642-59839-5
DOI: 10.1007/978-3-642-59839-5

Library of Congress Cataloging-in-Publication Data. Carcinoma of the kidney and testis, and rare urologic malignancies:
innovations in management / Z. Petrovich, L. Baert, L.W. Brady (eds.) ; with contributions by J.A.L.L. Baert... [et al.] ; fore-
word by L. W. Brady and H.-P. Heilmann. p. cm.-- (Medical radiology) Includes bibliographical references and index.
ISBN-13:978-3-642-64144-2 (alk. paper)

1. Genitourinary organs-—Cancer. 2. Kidneys——Cancer. 3. Testis——Cancer. 1. Petrovich,

Zbigniew. II. Baert, L. (Luc)  IIL Brady, Luther W, 1925- . IV. Series [DNLM: 1. Urogenital Neoplasms—-therapy.
W] 160 C2651999] RC280.G4C37 1999 616.9946~-dc21 DNLM/DLC for Library of Congress 98-21388 CIP

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is concerned, specifically
the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilm or in any
other way, and storage in data banks. Duplication of this publication or parts thereof is permitted only under the provisions
of the German Copyright Law of September 9, 1965, in its current version, and permission for use must always be obtained
from Springer-Verlag. Violations are liable for prosecution under the German Copyright Law.

© Springer-Verlag Berlin Heidelberg 1999
Softcover reprint of the hardcover ist edition 1999

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply, even in the
absence of a specific statement, that such names are exempt from the relevant protective laws and regulations and therefore
free for general use. '

Product liability: The publishers cannot guarantee the accuracy of any information about dosage and application contained
in this book. In every individual case the user must check such information by consulting the relevant literature.

Typesetting: Best-set Typesetter Ltd., Hong Kong
SPIN: 10546236 21/3135- 543210 - Printed on acid-free paper



This book is dedicated to

Zofia Petrovich, MD and Mrs. Bea Baert



Foreword

In the United States in 1997, 28 800 new cases of malignant tumors of the kidney and
renal pelvis were diagnosed along with 2100 new cases of malignant tumors of the
ureter and other urinary organs, 7200 primary malignant tumors of the testis, and
1300 primary malignant tumors of the penis and other genital organs. In large measure,
surgery is the treatment of choice for these tumors, but radiation therapy is in-
creasingly recognized as having significant and important curative and palliative bene-
fits in each of these tumor sites. Surgery is the standard form of treatment for non-
metastatic renal cell carcinomas as well as for malignancies of the renal pelvis and
ureter, with radical nephrectomy and radical uretectomy being employed. However,
postoperative radiation therapy is of value for those patients who demonstrate evi-
dence of residual tumor following surgery, transection of tumor during surgery, or
positive regional lymph node drainage. As regards the rare tumors that involve the
female urethra, surgical resection is appropriate for those that are limited and local in
character and amenable to partial ureterectomy. With tumors that are more advanced
in character, however, local recurrence and lymphatic dissemination are significant
problems, and treatment by radiation therapy programs alone yield satisfactory control
rates as well as limited recurrences and long-term survivors.

For primary tumors involving the testis, the major approach to nonseminomatous
tumors is surgical resection with postsurgical systemic chemotherapy. On the other
hand, seminomas are best managed by surgical resection with orchiectomy and high
cord ligation along with postoperative radiation therapy in the appropriate circum-
stances; this strategy produces significant survival figures in patients with seminomas.

Tumors that involve the penis and the male urethra are difficult problems to tackle
because of both the location and the pattern of local tumor spread. Generally, surgical
management is the appropriate approach to the problem but when there is evidence of
regional lymph node involvement, radiation therapy can be used with good results;
certainly radiation therapy has the primary advantage of preserving the phallus intact.

The current volume, Carcinoma of the Kidney and Testis, and Rare Urologic
Malignancies. Innovation in Management, compiles all of the pertinent data with
regard to epidemiology, workup, and treatment for these tumor types, presenting
results relative to management; it also discusses basic research and clinical research
into appropriate treatment regimens for each of these tumor sites. The authors of this
volume stress the need for careful selection of cases for each treatment regimen, careful
follow-up, and carefully carried out treatment programs.

Philadelphia LuTHER W. BRADY
Hamburg HANS-PETER HEILMANN



Preface

During the past decade, major advances have taken place in the diagnosis and manage-
ment of patients with carcinoma of the kidney and testicle. At the same time quality of
life issues have reached a level of importance nearly equal to that of patient survival
rates. It appears appropriate and relevant to summarize these important advances in
the present volume.

Renal cell carcinoma (RCC) is the predominant primary tumor of the kidney. It is
an important and relatively common tumor. In the past decade in the United States
there has been an approximate 20% increase in the incidence of RCC with a simultan-
eous major improvement in patient survival. This improvement in survival has pri-
marily been, due to major progress in the imaging modalities and better understanding
of the natural history of this disease, permitting early diagnosis and timely application
of appropriate surgical therapy. Radical nephrectomy remains the only effective
therapy in the management of primary RCC, with newer surgical techniques such as
partial nephrectomy becoming an important and widely recognized treatment in
properly selected patients. RCC patients presenting with or relapsing with metastatic
disease remain a major challenge to uro-oncology in spite of recent developments in
immunotherapy and a possibility of applying gene therapy. Contemporary radio-
therapy has become an important palliative treatment in many RCC patients with
metastasis.

Testicular tumors are relatively small in number but important malignancies with an
estimated 7600 patients expected to be diagnosed in the United States in 1998. In the
past decade these tumors have shown a nearly 30% increase in incidence, which is most
apparent in white males. The management of testicular tumors has become a success
story through the use of surgery in combination with systemic chemotherapy. In the
early 1960s in the United States, the 5-year survival of patients with testicular carci-
noma was less than 63% but it had increased to more than 95% by the early 1990s. This
increase in survival was largely due to advances in chemotherapy. Current efforts in
therapy for testicular tumors are directed towards improvement in quality of life of the
treated patients who are expected to have survival rates similar to those of a matched
group of males in the general population. The importance of these quality of life issues
is reflected in the four chapters dedicated to this topic in this volume.

The management of uncommon tumors of the genitourinary tract presents a special
problem. Due to their rarity only major medical centers acquire the experience needed
for the frequently complex management of these tumors. In view of the above the
authors believe that patients with rare urologic malignancies should be referred for
treatment to centers specializing in the management of genitourinary tumors.



X Preface

This work, together with the previously published two volumes including carcinoma
of the prostate and bladder, attempts to present the state-of-the-art in the diagnosis and
management of patients with genitourinary tumors. It is apparent that successful
management of these tumors depends on the presence and frequent interaction of a
multidisciplinary team of specialists dedicated to genitourinary carcinoma. This team
of specialists should include: urologists, medical oncologists, radiation oncologists,
diagnostic radiologists, pathologists, epidemiologists, geneticists, immunologists,
molecular biologists, highly skilled technologists, and nursing staff.

Los Angeles Z.PETROVICH
Leuven L. BAERT
Philadelphia L.W. BRADY
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1 Epidemiology of Renal Cell Carcinoma

M.C. Yu, J.-M. YUAN, and R.K. Ross

CONTENTS

1.1  Introduction 3

1.2 Demographic Pattern 3

1.2.1 International Variation 3

1.2.2 U.S. Incidence 3

1.2.3 Sexand Age 4

1.2.4 Time Trends 4

1.2.5 Social Class 4

1.2.6 Comparison with Bladder Cancer 5

1.3  Environmental Risk Factors 5

1.3.1 Cigarette Smoking 5

1.3.2 Tlatrogenic Factors 6

1.3.3 Obesity and Hypertension 9

1.3.4 Dietary Factors 10

1.4  Genetic Factors 10
References 11

1.1
Introduction

Kidney cancer is a relatively rare malignancy. In the
United States, there are roughly 30000 new cases of
kidney cancer each year, accounting for approxi-
mately 2% of all incident cancer cases diagnosed
annually (PARKER et al. 1996).

Renal cell carcinoma accounts for 80%-85% of
all kidney cancers occurring in the United States
(DevEsa et al. 1990). The remaining 15%-20% of
kidney cancers are mostly cancers of the renal pelvis,
which are anatomically and histologically distinct
from renal cell carcinoma. The following description
of international variations of renal cell carcinoma
incidence is based on data given for kidney cancer

M.C. Yu, PhD, Professor of Preventive Medicine, Department
of Preventive Medicine, University of Southern California,
Norris Comprehensive Cancer Center, 1441 Eastlake Avenue,
Los Angeles, CA 90033-0800, USA

J.-M. YuaN, MD, PhD, Department of Preventive Medicine,
University of Southern California, Norris Comprehensive
Cancer Center, 1441 Eastlake Avenue, Los Angeles, CA 90033-
0800, USA

R.K. Ross, MD, Department of Preventive Medicine, Univer-
sity of Southern California, Norris Comprehensive Cancer
Center, 1441 Eastlake Avenue, Los Angeles, CA 90033-0800,
USA

as a whole since these two distinct types of renal
cancer are not reported separately in international
comparisons.

1.2
Demographic Pattern

1.2.1
International Variation

There is an approximately sixfold difference in inci-
dence of kidney cancer between high- and low-risk
countries on a worldwide basis. Highest rates are
found among Western Europeans and Scandina-
vians with age-standardized incidence rates of
10-13/100000 in men and 5-7/100000 in women, re-
spectively. Lowest rates are found in Asian countries
such as India and China, where age-standardized in-
cidence rates in men and women are 1-2/100000 and
0.5-1/100000, respectively (PARKIN et al. 1997).

1.2.2
U.S. Incidence

Similar to many other cancers, renal cell carcinoma
shows variation in incidence among the major
racial-ethnic groups constituting the U.S. popula-
tion. Highest rates are observed among Hispanics,
followed by African-Americans and non-Hispanic
whites. Rates in Hispanics tend to be about 3%-7%
higher than in African-Americans (depending on
gender) whereas larger differences of about 10%-
20% are noted between African-Americans and
non-Hispanic whites. Rates are substantially lower
among Asians (including Chinese, Japanese, Filipi-
nos, and Koreans), being roughly half the rates in
non-Asians (Table 1.1). Alaskan Natives and Native-
Americans have been reported to have particularly
high rates of renal cell carcinoma (NUTTING et al.
1993). The Native-Americans’ high risk with respect
to renal cell carcinoma may have contributed to
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Table 1.1. Age-adjusted incidence rates (per 100000) for men
and women by major racial-ethic groups, Los Angeles County,
California, 1972-1995°

Race-Ethnicity Males Females

Rate No. Rate No.
African-Americans 9.3 722 4.4 457
Chinese 3.8 57 1.6 27
Japanese 3.6 55 1.5 29
Filipinos 4.9 65 2.2 32
Koreans 4.0 29 2.2 19
Non-Hispanic Whites 8.6 4789 3.7 2651
Hispanics 9.5 981 4.7 618

*Based on data from the Los Angeles County Cancer
Surveillance Program/Surveillance Epidemiology and End
Results (SEER) Cancer Ragistry; age adjustment according to
the 1970 U.S. population.

the observed high rates in Hispanics, many of
whom have Mexican origins with Native-American
admixture.

1.2.3
Sex and Age

Renal cell carcinoma is a disease with a strong male
dominance, which is present across all populations.
Among U.S. populations, there is generally at least a
twofold excess incidence in men relative to women
(Table 1.1).

Similar to most epithelial cancers, renal cell carci-
noma is strongly related to age. There is a linear
relationship between age and renal cell carcinoma
incidence when both variables are expressed in loga-
rithmic units (Fig. 1.1). The magnitude of the slope
of this logarithmic age-incidence curve is approxi-
mately 4.5, which is relatively low compared to the
steep slopes (magnitude of 9-10 or greater) associ-
ated with cancers such as prostate cancer. The age-
incidence pattern is similar across racial-ethnic
groups and in both sexes.

1.24
Time Trends

Renal cell carcinoma rates have increased in the
United States over the past 25 years. Data from one
large population-based cancer registry (the Los
Angeles County Cancer Surveillance Program) active
during this entire period are shown in Fig. 1.2. Rates

M.C. Yu et al.

100 ¢

10t .

Rate per 100,000

1 1 1 1 1 1 1
40 50 60 70 80 90

Age (years)

Fig. 1.1. Annual age-specific incidence rates of renal cell
carcinoma in non-Hispanic whites in Los Angeles County,
1972-1995

increased by approximately 30%-40% from the early
1970s through the mid- to late 1980s in non-Hispanic
whites and more substantially in African-Americans
in Los Angeles. These increases occurred in both
men and women. This rate of increase has slowed
and in non-Hispanic white males at least, may even
have reversed in the past few years.

1.2.5
Social Class

Some population-based cancer registries in the
United States classify cases according to social class
characteristics. This is achieved on a group rather
than individual basis. Typically, census information
on income and/or educational levels of residents in
the neighborhoods where cancer patients reside is
used to rank cancer cases into one of four or five
social class groupings. In Los Angeles, for men there
is no clear association between social class and risk
of renal cell carcinoma. Men in the highest quintile
have approximately the same risk as men in the
lowest quintile. For women, there is a weak inverse
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Table 1.2. Age-adjusted incidence rates (per 100000) in
non-Hispanic white males and females by socioeconomic
status (SES) groupings, Los Angeles County, California,
1972-1995°

SES grouping Males Females
1 (High) 8.4 3.1
2 8.6 3.8
3 8.2 3.7
4 8.2 3.7
5 (Low) 8.4 3.8

“Based on data from the Los Angeles County Cancer
Surveillance Program/Surveillance Epidemiology and End
Results (SEER) Cancer Registry; age adjustment according to
the 1970 U.S. population.

relationship (i.e., rates are slightly higher in the
lower than in the upper quintiles) (Table 1.2). Since
the best-studied major risk factors for renal cell car-
cinoma, including obesity, hypertension, and ciga-
rette smoking (see below), tend to be negatively
related to social class, these data suggest that in men
at least, other important, as yet unidentified risk fac-
tors for renal cell carcinoma must exist to explain
these social class gradients.

1.2.6
Comparison with Bladder Cancer

It is of some interest to compare the epidemiology
of renal cell carcinoma with that of bladder cancer,
since both sites share common exposure to the same

Fig. 1.2. Secular trend in incidence rates of
renal cell carcinoma in non-Hispanic whites
and African-Americans in Los Angeles
County, 1972-1995

urinary carcinogens. The etiology of bladder cancer
is relatively well understood; cigarette smoking and
occupational exposure to a class of chemical carcino-
gens known as arylamines are believed to account
for as many as 60% of all bladder cancer cases diag-
nosed in the United States (Yu and Ross 1998).
Bladder cancer is also a disease with a male predomi-
nance, with men having a threefold or greater risk
than women in all major racial-ethnic groups in the
United States. However, the racial-ethnic pattern of
bladder cancer incidence in the United States is dra-
matically different from that of renal cell carcinoma.
Non-Hispanic whites have the highest risk of bladder
cancer (almost twice that of any other group), and
African-Americans have slightly higher rates than
Hispanics. As with renal cell carcinoma, Asians have
the lowest risk of bladder cancer among all racial-
ethnic groups in the United States (Yu and Ross
1998).

1.3
Environmental Risk Factors

1.3.1
Cigarette Smoking

Cigarette smoking in relation to renal cell carcinoma
risk has been investigated in multiple case-control
and cohort studies. All study results are consistent
with a modest association between cigarette use and
renal cell carcinoma risk (DoLL 1996). The overall
evidence strongly supports cigarette smoking as a
cause of renal cell carcinoma.
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Table 1.3. Cigarette smoking in relation to risk of renal cell carcinoma (adapted from Yuan et al. 1998a)

Total Males Females
Ca/Co OR (95% Cl) Ca/Co OR (95% Cl) Ca/Co OR (95% Cl)
Never 404/491  1.00 223/288  1.00 181/203  1.00
Ever 800/713 1.35(1.14, 1.60)  558/493 1.42 (1.14, 1.77)  242/220  1.23 (0.93, 1.64)
Former smokers 463/450 1.24 (1.02, 1.50)  350/331 1.34 (1.05, 1.70) 113/119  1.07 (0.77, 1.49)
No. of years since quitting
20 169/177  1.15(0.89, 1.50)  135/145  1.18 (0.86, 1.61) 34/32 1.19 (0.70, 2.02)
10-19 135/135  1.25 (0.94, 1.64) 98/99 1.26 (0.90, 1.76) 37/36 1.23 (0.74, 2.04)
1-9 159/138 1.33 (1.02, 1.74) 117/87 1.64 (1.17, 2.29) 42/51 0.88 (0.56, 1.40)
Current smokers 337/262 1.53 (1.23,1.90)  208/162 1.58 (1.20, 2.08) 129/100  1.46 (1.03, 2.08)
No. of cigarettes/day
1-19 87173 1.48 (1.04, 2.12) 45/38 1.58 (0.96, 2.58) 42/35 1.39 (0.83, 2.32)
20-39 183/146 1.45 (1.11, 1.88) 114/92 1.46 (1.05, 2.03) 69/54 1.41 (0.91, 2.22)
40 67/43 1.90 (1.25, 2.90) 49/32 1.92 (1.17, 3.17) 18/11 1.93 (0.88, 4.23)
Total no. of cigarettes smoked
over lifetime (x1000)
<117 239/237 1.22 (0.97, 1.53) 154/152 1.28 (0.96, 1.71) 85/85 1.13 (0.79, 1.62)
117-<283 244/236 1.25 (0.99, 1.58) 172/171 1.27 (0.96, 1.69) 72/65 1.22 (0.82, 1.83)
283 316/239  1.60 (1.28,2.01)  231/170  1.69 (1.29, 2.22) 85/69 1.43 (0.93, 2.18)

Ca/Co, Number of cases/number of controls; OR, odds ratio; Cl,

Results of a large-scale, population-based case-
control study conducted in Los Angeles serve to
illustrate selected details of the smoking/renal cell
carcinoma relationship (Yuan et al. 1998a). Overall,
ever smokers have a 35% increased risk relative to
lifelong nonsmokers (Table 1.3). Cigarette smokers
who quit the habit experience a reduced risk of renal
cell carcinoma relative to current smokers, with in-
creasing magnitude in risk reduction as time inter-
val since smoking cessation increases. The average
number of cigarettes smoked per day is proportional
to risk, with an approximate twofold risk of renal cell
carcinoma in 2 or more packs per day current smok-
ers relative to lifelong nonsmokers. Use of filtered (as
opposed to nonfiltered) cigarettes and pattern of in-
halation do not seem to influence risk of renal cell
carcinoma. There is little evidence that use of other
tobacco products (such as cigar, pipe, chew tobacco,
and snuff) elevates an individual’s risk for renal cell
carcinoma. For any given level of smoking, risks of
renal cell carcinoma in men and women are remark-
ably similar. It is estimated that in Los Angeles, 17%
(21% in men and 11% in women) of renal cell carci-
noma cases can be attributed to cigarette smoking
(YuaN et al. 1998a).

The mechanism by which cigarette smoking
causes renal cell carcinoma is still unclear. Nonethe-
less, it is known that cigarette smokers excrete mu-
tagenic urine while nonsmokers do not (YAMASAKI
and AMEs 1977). Also, N-nitrosodimethylamine, a
renal carcinogen in a number of animal species, is

confidence interval.

detected in cigarette smoke (International Agency
for Research on Cancer 1986).

It is of interest that the magnitude of increased
risk for renal cell carcinoma associated with a given
level of cigarette smoking is considerably less than
that observed for cancer of the renal pelvis and
ureter (Ross et al. 1989; MCLAUGHLIN et al. 1992).
The transitional cell urothelium of the renal pelvis
and ureter is exposed to the same potential carcino-
gens in urine as the renal tubular cells which give rise
to renal cell carcinoma. It appears that either the
tubular cells are less sensitive to the tobacco carcino-
gens in urine or the exposure level of the target cells
to these compounds is higher for the renal pelvis.

1.3.2
latrogenic Factors

1.3.2.1
Diuretics

In 1986, Yu et al. first reported that use of diuretics
might be related to risk of renal cell carcinoma,
independent of history of hypertension. A number
of subsequent case-control studies have noted
similar findings (MCLAUGHLIN et al. 1988; FINKLE
et al. 1993; KREIGER et al. 1993; HIATT et al. 1994;
WEINMANN et al. 1994). However, these earlier stud-
ies all possess one or more major design flaws that
can impact on the validity of study findings, includ-
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ing crude assessment of medication history, inclu-
sion of proxy interviews, small sample size, and
limited analysis to separate treatment effects from
their indications.

Two recent studies specifically designed to cir-
cumvent the methodological limitations of earlier
studies have failed to confirm a role for diuretics in
renal cell carcinoma development that is indepen-
dent of the medical condition (i.e., hypertension) for
which the drugs are prescribed. In a multicenter
study involving 1732 cases of renal cell carcinoma
and 2309 population controls, MCLAUGHLIN et al.
(1995) noted no association between diuretic use and
cancer risk after adjustment for history of hyperten-
sion and other confounding factors. In Los Angeles,
Yuan et al. (1998b) conducted a population-based
study involving 1204 patients with renal cell carci-
noma and an equal number of individually matched
(by age, sex, and race) neighborhood controls. The
investigators reported that: (1) among the relatively
small number of individuals who had used diuretics
for purposes other than treatment for hypertension,
there was no increased cancer risk even for those
with high lifetime cumulative doses; (2) among
hypertensive subjects, cancer risk was unrelated
to cumulative lifetime dose of diuretics; and (3)
hypertensive subjects treated with diuretics and/or
other antihypertensives exhibited risk levels for
renal cell carcinoma quite comparable to those
who had never been medically treated. YUAN et al.
(1998b) concluded that hypertension per se, rather
than its treatment, is the principal determinant of
risk for renal cell carcinoma.

1.3.2.2
Nondiuretic Antihypertensives

There is no a priori reason to suspect that
nondiuretic  antihypertensives  (beta-blockers,
central antiadrenergic agents, neuronal depleting
agents, angiotensin-converting enzyme inhibitors,
and vasodilators) are renal carcinogens. However,
McLAUGHLIN et al. (1995) reported that long-term
use (5 or more years) of these drugs was associated
with a significant increase in risk of renal cell carci-
noma independent of a history of hypertension, al-
though no dose-response relationship was observed
with cumulative dosage of any of the major classes of
antihypertensives. HEATH et al. (1997) showed that
use of antihypertensives was associated with a statis-
tically significant increase in risk of death from renal
cell carcinoma among female participants of the

American Cancer Society Cohort Study. But the
effects of antihypertensives and history of hyperten-
sion could not be disentangled in this latter study
and there was no dose-response relationship be-
tween cancer risk and either dosage or duration of
use. In their recent case-control study of renal cell
carcinoma in Los Angeles in which all commonly
prescribed brand names of antihypertensives in the
United States since the 1950s were explicitly asked
about during the in-person interviews conducted
with study subjects, YUAN et al. (1998b) detected
no association between regular use of such drugs
and renal cell carcinoma risk after adjustment
for hypertension status. Therefore, the overall
evidence does not support an etiologic link be-
tween antihypertensive use and renal cell carcinoma
development.

1.3.2.3
Analgesics

Chronic use of analgesics was first linked to the
development of kidney cancer through a series of
case reports which documented cancer of the renal
pelvis occurring in heavy users of phenacetin
(HULTENGREN et al. 1965; BENGTSSON et al. 1968;
MAHONY et al. 1977). These uncontrolled observa-
tions were later confirmed by a number of case-
control studies conducted in diverse populations
(McCREDIE et al. 1982, 1986; MCLAUGHLIN et al.
1985; JENSEN et al. 1989; Ross et al. 1989). Phenacetin
has been absent from all drugs manufactured in the
United States since 1987.

A possible link between heavy use of analgesics
and renal cell carcinoma was first suggested by
Armstrong and co-workers in 1976 (ARMSTRONG
et al. 1976). In that study, subjects reporting daily
use of analgesics had a tenfold increase in risk
of renal cell carcinoma relative to nonusers. A
number of subsequent studies have substantiated
that finding, implicating chronic use of phena-
cetin (MCLAUGHLIN et al. 1985, 1992; McCREDIE
et al. 1986, 1988, 1995; KREIGER et al. 1993;
MELLEMGAARD et al. 1994a), acetaminophen
(McCREDIE et al. 1993, 1995; DERBY and Jick, 1996)
and aspirin (AsAL et al. 1988; PacANINI-HILL et al.
1989; MELLEMGAARD et al. 1994a) as risk factors for
renal cell carcinoma, although the exposure-risk
associations were much more modest.

The recently completed population-based case-
control study in Los Angeles provides the most
definitive results to date on the analgesic-renal cell



carcinoma relationship (GAGO-DOMINGUEZ et al.,
unpublished work). This study involved 1204 inci-
dent cases of renal cell carcinoma and an equal
number of age-, sex-, and race-matched population
controls. During in-person interviews, subjects were
asked explicitly about use of common over-the-
counter and prescription brand name analgesics
marketed in the United States since the 1950s. A pic-
ture album of the listed drugs was available to the
respondents to aid in their recalls. For every pre-
scription analgesic named by the respondent, every
attempt was made to validate its use from the pre-
scribing physician. Results of this validation effort
indicate comparable degrees of recall accuracy be-
tween cancer cases and controls. GAGO-DOMINGUEZ
et al. (unpublished work) reported an overall 60%
increase in risk of renal cell carcinoma among regu-
lar users of analgesics, with increasing risk as level of
intake increased. Each of the four major classes of
analgesics - aspirin, nonsteroidal anti-inflammatory
agents other than aspirin, acetaminophen, and
phenacetin — was clearly shown to be independently
related to risk of renal cell carcinoma. Interestingly,
risks per unit of intake (in grams) were comparable
across these four classes of formulations. There was
no evidence of an increase in risk of renal cell carci-
noma among subjects who ingested one regular-
strength (i.e., 325mg) aspirin or less a day for
cardiovascular health, a finding with obvious public
health implications.

There are experimental data in support of analge-
sics as renal carcinogens. Phenacetin is known to
induce renal cell carcinoma in rodents (JOHANSSON
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1981; NAKANISHI et al. 1982). Acetaminophen, a
major metabolite of phenacetin in humans, can in-
duce renal proximal tubular necrosis in rodents
(NEwTON et al. 1983; HART et al. 1991) and increase
the incidence of renal cell carcinomas in rodents
previously treated with a known renal carcinogen
(Tsupa et al. 1984; KURATA et al. 1987). Aspirin and
other non-steroidal anti-inflammatory agents are
known to induce tubular necrosis (PLUMMER et al.
1975; KARI et al. 1995) and renal cell carcinoma in
rodents (KARTI et al. 1995).

1.3.2.4
Amphetamines

In 1986, Yu et al. first suggested that use of diet pills
might be a risk factor for renal cell carcinoma. This
association was recently confirmed in a large-scale
case-control study in Los Angeles in which all pre-
scription and nonprescription diet pills commonly
used in the United States since the 1950s were listed
in the structured questionnaire administered in-
person to all study subjects. The investigators noted
that the increased risk for renal cell carcinoma
among users of diet pills was confined to those tak-
ing amphetamine-containing diet pills. There was an
overall twofold risk in regular users of amphet-
amines relative to nonusers. This increase in risk
of renal cell carcinoma was amphetamine dose-
dependent, and regardless of the reason for use
(Table 1.4). However, only a small fraction (no more
than 5%) of renal cell carcinoma cases in Los Angeles

Table 1.4. Use of diet pills in relation to risk of renal cell carcinoma (adapted from YuaN

et al. 1998b)
Cases Controls OR (95%Cl)
Regular use of any diet pill
No 1028 1094 1.0
Yes 176 110 1.6 (1.2, 2.1)
Amphetamines only 89 47 2.0 (1.3,2.9)
Nonamphetamines only 57 49 1.1 (0.7, 1.7)
Combined use 30 14 2.0 (0.96, 4.0)
Regular use of amphetamine-containing diet pills
No 1085 1143 1.0
Yes 119 61 2.0 (1.4,2.8)
Maximum weekly dose of amphetamine (mg)
1-37.5 25 18 1.5 (0.7, 2.9)
37.6-75.0 33 22 1.9 (1.04, 3.4)
275.1 55 18 2.6 (1.5, 4.6)
Reason for use
Weight reduction 68 31 2.1 (1.3, 3.3)
Other 45 28 1.8 (1.1, 3.0)

OR, odds ratio; Cl, confidence interval.
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County are possibly related to this putative renal
carcinogen (YUAN et al. 1998b).

In a multicenter study, MELLEMGAARD et al.
(1995) also reported a statistically significant in-
crease in risk of renal cell carcinoma among amphet-
amine users, but with no evidence of increasing risk
with increasing cumulative dose or duration of use.
This lack of association with exposure indices in-
volving duration of use is not surprising. The usage
pattern of diet pills typically is sporadic and inter-
mittent; thus, self-reported duration of use is likely
to be inaccurate.

1.3.3
Obesity and Hypertension

Multiple studies have noted that obese individuals
are at a high risk of renal cell carcinoma (Yu et al.
1986; MELLEMGAARD et al. 1995; CHow et al. 1996;
YuaN et al. 1998b). Numerous case-control and co-
hort studies also have reported that individuals with
a history of hypertension experienced an increased
risk of renal cell carcinoma (RAYNOR et al. 1981;

GROVE et al. 1991; KREIGER et al. 1993; HEATH et al.
1997; YuaN et al. 1998b).

Details of the relationships between obesity, hy-
pertension, and renal cell carcinoma have been pub-
lished recently, based on a large-scale, population-
based case-control study in Los Angeles (YuaN et al.
1998b). Results of that study indicate comparable
risk levels between men and women for any given
level of exposure. There is increasing risk of renal
cell carcinoma with increasing body mass index
(defined as weight in kilograms divided by height
in meters squared), a marker of obesity. Individuals
whose usual body mass index is 30 or higher are over
4 times as likely to develop renal cell carcinoma as
compared to those whose body mass index is below
22 (Table 1.5). A history of hypertension confers a
twofold risk of renal cell carcinoma. This elevation in
risk is independent of the time interval between the
diagnoses of hypertension and renal cell carcinoma,
thus dispelling the possibility that hypertension re-
sults from advanced renal disease. Risk of renal cell
carcinoma in hypertensives who have received medi-
cal treatments is only modestly elevated compared
with never-treated hypertensives (Table 1.6). Obesity

Table 1.5. Relative body weight in relation to risk of renal cell carcinoma (adapted from Yuan et al. 1998b)

Usual body mass  Total Males Females
index (kg/m?)
Cases Controls OR(95% Cl) Cases Controls OR (95% ClI) Cases Controls OR (95% CI)
<22 188 289 1.0 62 112 1.0 126 177 1.0
22-<24 247 269 1.6 (1.3,2.2) 152 179 1.7 (1.1, 2.5) 95 90 1.7 (1.1, 2.5)
24-<26 266 294 1.5(1.2,2.0) 200 229 1.6 (1.1, 2.4) 66 65 1.5 (0.96, 2.3)
26-<28 164 170 1.7 (1.3,2.4) 129 128 2.0 (1.3, 3.1) 35 42 1.3 (0.7, 2.2)
28-<30 139 96 2.5(1.8,3.5) 107 76 2.7 (1.7, 4.3) 32 20 2.3(1.2,4.2)
>30 200 86 43(3.0,6.1) 131 57 46(2.9,7.5) 69 29 4.0 (2.3,7.0)
OR, odds ratio; Cl, confidence interval.
Table 1.6. History of hypertension in relation to risk of renal cell carcinoma (adapted from YUaN et al. 1998b)
Cases Controls OR (95% Cl)
No 669 875 1.0
Yes 535 329 2.2 (1.8, 2.6)
Number of years since first diagnosis
<5 55 40 2.1(1.3,3.2)
5-9 122 85 1.8 (1.4, 2.5)
10-19 188 96 2.6 (2.0, 3.4)
20-29 97 62 2.2(1.6,3.2)
230 63 40 2.0 (1.3, 3.1)
Unknown 10 6 1.8 (0.7, 5.2)
Ever medically treated (by diuretics or antihypertensive drugs)
No 98 74 1.7 (1.2, 2.3)
Yes 437 255 2.3(1.9,2.9)

OR, odds ratio; Cl, confidence interval.
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Table 1.7. Relative body weight and history of hypertension in relation to risk of renal cell carcinoma (adapted from Yuan

et al. 1998b)

Usual body mass index (kg/m?) No hypertension Hypertension

Cases Controls OR (95% Cl) Cases Controls OR (95% Cl)
<22 135 236 1.0 53 53 1.8 (1.1, 2.8)
22-<24 157 211 1.5(1.1,2.1) 90 58 3.4 (2.2,5.2)
24-<26 165 212 1.5 (1.1, 2.1) 101 82 2.3 (1.6, 3.4)
26-<28 72 104 1.5 (0.98, 2.2) 92 66 2.8 (1.9, 4.3)
28-<30 60 63 1.8 (1.2, 2.9) 79 33 4.6 (2.9,7.5)
230 80 49 3.2 (2.0, 5.2) 120 37 7.0 (4.4, 11.3)

OR, odds ratio; Cl, confidence interval.

and hypertension are independently related to risk
of renal cell carcinoma. Regardless of hypertension
status, cancer risk increases with increasing usual
body mass index. Similarly, irrespective of level of
usual body mass index, individuals with a history of
hypertension experience a twofold risk for renal cell
carcinoma (Table 1.7).

Diabetes and stroke have been reported to be
positively related to renal cell carcinoma risk. The
evidence indicates that these are indirect, noncausal
associations, due to the close relations between the
two medical conditions and obesity/hypertension
(Yuan et al. 1998b).

Experimental work in rodents has demonstrated
that obesity and hypertension can lead to renal
glomerulosclerosis and tubulointerstitial cell prolif-
eration (KEANE et al. 1993; Ma1 et al. 1993;
O’DoNNELL et al. 1993; ENG et al. 1994). None of
these rodent models included tumor development
as an outcome measurement. At the present, the
relevance of these animal findings to human renal
carcinogenesis is unclear.

134
Dietary Factors

Relatively few epidemiologic studies have examined
the role of diet in the development of renal cell carci-
noma. Nonetheless, there is suggestive evidence that
a “Western” diet high in meat and low in vegetables
and fruit promotes renal cell carcinoma develop-
ment (MCLAUGHLIN et al. 1984, 1992; FRASER et al.
1990; TaLaMINI et al. 1990; KREIGER et al. 1993;
WoLK et al. 1996; YUAN et al. 1998¢). In Los Angeles,
YuaN et al. (1998¢c) found a strong inverse associa-
tion between intake of cruciferous vegetables and
risk of renal cell carcinoma. In terms of nutrients,

there were significant inverse associations of renal
cell carcinoma risk with consumption of a variety
of carotenoids including alpha-carotene, beta-
carotene, beta-cryptoxanthin, and lutein. Interest-
ingly, the investigators still observed a significant
residual effect of cruciferous vegetables on renal
cell carcinoma risk after adjustment for carotenoid
intake, suggesting that other compounds present
in cruciferous vegetables may protect against renal
cell carcinoma.

Experimental data have implicated cured meats
as a possible risk factor for renal cell carcinoma in
humans. Cured meats are potential sources of
nitrosamines, which are known renal carcinogens in
rodents (HAMILTON 1975). YUAN et al. (1998¢) spe-
cifically tested this hypothesis in the Los Angeles-
based case-control study described above. No
association was observed between cured meat intake
and renal cell carcinoma risk.

A fair number of epidemiologic studies have
investigated the relationships between intakes of
coffee, tea, and alcoholic beverages and renal cell
carcinoma risk (WYNDER et al. 1974; ARMSTRONG et
al. 1976; MCLAUGHLIN et al. 1984; Yu et al. 1986;
KREIGER et al. 1993; WoLK et al. 1996; YUAN et al.
1998c¢). The overall evidence indicates a lack of asso-
ciation between intake of these beverages and the
development of renal cell carcinoma.

1.4
Genetic Factors

Several case-control studies have found that patients
with renal cell carcinoma were more likely than
control subjects to report having one or more first-
degree relatives with the same malignancy. Individu-
als with a family history of renal cell carcinoma are
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more than twice as likely to develop renal cell carci-
noma than those without such a family history
(MCLAUGHLIN et al. 1984; MELLEMGAARD et al.
1994b; SCHLEHOFER et al. 1996).

von Hippel-Lindau disease is a hereditary cancer
syndrome associated with germline mutations of the
von Hippel-Lindau tumor suppressor gene that is
located on the short arm of chromosome 3 (LATIF
et al. 1993). The disease is characterized by a high
frequency of tumor development in affected
individuals, including renal cell carcinoma,
pheochromocytomas, and hemangioblastomas of
the retina and central nervous system (MELMON and
ROSEN 1964; LAMIELL et al. 1989). The incidence
of von Hippel-Lindau disease is rare, occurring in
about one per 36000 live births in England (MAHER
et al. 1991). Affected individuals carry an extremely
high risk of developing renal cell carcinoma in their
lifetimes, approaching 70% by age 60 years (MAHER
et al. 1990). Somatic mutations of the von Hippel-
Lindau gene also have been detected in sporadic
cases of renal cell carcinoma (FOSTER et al. 1994;
GNARRRA et al. 1994; SHUIN et al. 1994).

ZBAR et al. (1994) reported on another class of
hereditary renal cell carcinoma. Nine members over
three generations of this high-risk family developed
papillary renal cell carcinoma, a histologic type of
renal cell carcinoma that is found in only 10%
of sporadic cases of renal cell carcinoma. Results of
linkage analysis using multiple polymorphic mark-
ers on chromosome 3p were negative, and no 3p
allele loss was detected in tumor tissues.

References

Armstrong B, Garrod A, Doll R (1976) A retrospective study of
renal cancer with special reference to coffee and animal
protein consumption. Br J Cancer 33:127-136

Asal NR, Lee ET, Geyer JR, Kadamani S, Risser DR, Cherng N
(1988) Risk factors in renal cell carcinoma. II. Medical
history, occupation, multivariate analysis, and conclu-
sions. Cancer Detect Prev 13:263-279

Bengtsson U, Angerval L, Ekman H, Lehmann L (1968) Tran-
sitional cell tumors of the renal pelvis in analgesic abusers.
Scand ] Urol Nephrol 2:145-150

Chow WH, McLaughlin JK, Mandel ]S, Wacholder S, Niwa S,
Fraumeni JF (1996) Obesity and risk of renal cell cancer.
Cancer Epidemiol Biomarkers Prev 5:17-21

Derby LE, Jick H (1996) Acetaminophen and renal and
bladder cancer. Epidemiology 7:358-362

Devesa SS, Silverman DT, McLaughlin JK, Brown CC,
Connelly RR, Fraumeni JF (1990) Comparison of the de-
scriptive epidemiology of urinary tract cancers. Cancer
Caus Contr 1:133-141

Doll R (1996) Cancers weakly related to smoking. Br Med Bull
52:35-49

11

Eng E, Veniant M, Floege ], et al. (1994) Renal proliferative
and phenotypic changes in rats with two-kidney, one-clip
Goldblatt hypertension. Am J Hypertens 7:177-185

Finkle WD, McLaughlin JK, Rasgon SA, Yeoh HH, Low JE
(1993) Increased risk of renal cell cancer among women
using diuretics in the United States. Cancer Caus Contr
4:555-558

Foster K, Prowse A, van de Berg A, et al. (1994) Somatic muta-
tions of the von Hippel-Lindau disease tumor suppressor
gene in non-familial clear cell renal carcinoma. Human
Mol Genet 3:2169-2173

Fraser GE, Phillips RL, Beeson WL (1990) Hypertension,
antihypertensive medication and risk of renal carcinoma
in California Seventh-Day Adventists. Int ] Epidemiol
19:832-838

Gnarra JR, Tory K, Weng Y, et al. (1994) Mutations of the VHL
tumour suppressor gene in renal carcinoma. Nature Genet
7:85-90

Grove JS, Nomura A, Severson RK, Stemmermann GN (1991)
The association of blood pressure with cancer incidence in
a prospective study. Am ] Epidemiol 134:942-947

Hamilton JM (1975) Renal carcinogenesis. Adv Cancer Res
22:1-56

Hart SGE, Beierschmitt WP, Bartolone JB, Wyand DS,
Khairallah EA, Cohen SD (1991) Evidence against
deacetylation and for cytochrome P450-mediated activa-
tion in acetaminophen-induced nephrotoxicity in the
CD-1 mouse. Toxicol Appl Pharmacol 107:1-15

Heath CW, Lally CA, Calle EE, McLaughlin JK, Thun MJ (1997)
Hypertension, diuretics, and antihypertensive medications
as possible risk factors for renal cell cancer. Am ]
Epidemiol 145:607-613

Hiatt RA, Tolan K, Quesenberry CP (1994) Renal cell carci-
noma and thiazide use: a historical, case-control study
(California, USA). Cancer Caus Contr 5:319-325

Hultengren N, Lagergren C, Ljungqvist A (1965) Carcinoma of
the renal pelvis in renal papillary necrosis. Acta Chir Scand
130:314-320

International Agency for Research on Cancer (1986) IARC
monographs on the evaluation of carcinogenic risks to
humans, vol. 28. Tobacco smoking. International Agency
for Research on Cancer, Lyon

Jensen OM, Knudsen JB, Tomasson H, Sorensen BL (1989)
The Copenhagen case-control study of renal pelvis and
ureter cancer: role of analgesics. Int J Cancer 44:965-
968

Johansson SL (1981) Carcinogenicity of analgesics: long-term
treatment of Sprague-Dawley rats with phenacetin,
phenazone, caffeine and paracetamol (acetaminophen).
Int ] Cancer 27:521-529

Kari F, Bucher ], Haseman J, Eustis S, Huff ] (1995) Long-term
exposure to the anti-inflammatory agent phenylbutazone
induces kidney tumors in rats and liver tumors in mice.
Jpn ] Cancer Res 86:252-263

Keane WF, Kasiske BL, O’Donnell MP, Kim Y (1993) Hyper-
tension, hyperlipidemia, and renal damage. Am ] Kidney
Dis 21:43-50

Kovacs G, Erlandsson R, Boldog F, Ingvarsson S, Muller-
Brechlin R, Klein G, Sumegi ] (1988) Consistent chromo-
some 3p deletion and loss of heterozygosity in renal cell
carcinoma. Proc Natl Acad Sci USA 85:1571-1575

Kreiger N, Marret LD, Dodds L, Hilditch S, Darlington GA
(1993) Risk factors for renal cell carcinoma: results of a
population-based case-control study. Cancer Caus Contr
4:101-110

Kurata Y, Tsuda H, Sakata T, Yamashita T, Ito N (1987)
Reciprocal modifying effects of isomeric forms of amino-



12

phenol on induction of neoplastic lesions in rat liver and
kidney initiated by N-ethyl-n-hydroxyethylnitrosamine.
Carcinogenesis 8:1281-1285

Lamiell JM, Salazar FG, Hsia YE (1989) von Hippel-Lindau
disease affecting 43 members of a single kindred. Medicine
(Baltimore) 68:1-29

Latif F, Tory K, Gnarra J, et al. (1993) Identification of the von
Hippel-Lindau tumor suppressor gene. Science 260:1317-
1320

Mabher ER, Yates JRW, Harris R, Benjamin C, Harris R, Moore
AT, Ferguson-Smith MA (1990) Clinical features and
natural history of von Hippel-Lindau disease. Q ] Med
77:1151-1163

Maher ER, Iselius L, Yates JRW, et al. (1991) von Hippel-
Lindau disease: a genetic study. ] Med Genet 28:443-
447

Mahony JF, Stoney BG, Ibanez RC, Stewart JH (1977) Analge-
sic abuse, renal parenchymal disease and carcinoma of the
kidney or ureter. Aust NZ J Surg 7:463-469

Mai M, Geiger H, Hilgers KF, Veelken R, Mann JFE, Dammrish
J, Luft FC (1993) Early interstitial changes in hypertension-
induced renal injury. Hypertension 22:754-765

McCredie M, Ford JM, Taylor JS, Stewart JH (1982) Analgesics
and cancer of the renal pelvis in New South Wales. Cancer
49:2617-2625

McCredie M, Stewart JH, Carter JJ, Turner J, Mahony JF (1986)
Phenacetin and papillary necrosis: independent risk
factors for renal pelvic cancer. Kidney Int 30:81-84

McCredie M, Ford JM, Stewart JM (1988) Risk factors for
cancer of the renal parenchyma. Int J Cancer 42:13-16

McCredie M, Stewart JH, Day NE (1993) Different roles for
phenacetin and paracetamol in cancer of the kidney and
renal pelvis. Int ] Cancer 53:245-249

McCredie M, Pommer W, McLaughlin JK, et al. (1995) Inter-
national renal cell cancer study. II. Analgesics. Int ] Cancer
60:345-349

McLaughlin JK, Mandel JS, Blot W], Schuman LM, Mehl ES,
Fraumeni JF (1984) A population-based case-control
study of renal cell carcinoma. J Natl Cancer Inst 72:275-
284

McLaughlin JK, Blot W], Mehl ES, Fraumeni JF (1985) Rela-
tion of analgesic use to renal cancer: population-based
findings. Natl Cancer Inst Monogr 69:217-222

McLaughlin JK, Blot W], Fraumeni JF (1988) Diuretics and
renal cell cancer. J Natl Cancer Inst 80:378

McLaughlin JK, Silverman DT, Hsing AW, et al. (1992) Ciga-
rette smoking and cancers of the renal pelvis and ureter.
Cancer Res 52:254-257

McLaughlin JK, Chow WH, Mandel JS, et al. (1995) Interna-
tional renal cell cancer study. VIIL Role of diuretics, other
anti-hypertensive medictions and hypertension. Int ]
Cancer 63:216-221

Mellemgaard A, Niwa S, Mehl ES, Engholm G, McLaughlin J,
Olsen JH (1994a) Risk factors for renal cell carcinoma in
Denmark. II. Role of medication and medical history. Int ]
Epidemiol 23:923-930

Mellemgaard A, Engholm G, McLaughlin JK, Olsen JH (1994b)
Risk factors for renal cell carcinoma in Denmark. I. Role of
socioeconomic status, tobacco use, beverages, and family
history. Cancer Causes Control 5:105-113

Mellemgaard A, Lindblad P, Schlehofer B, et al. (1995) Inter-
national renal-cell cancer study. III. Role of weight, height,
physical activity, and use of amphetamines. Int ] Cancer
60:350-354

Melmon KL, Rosen SW (1964) Lindau’s disease: review of the
literature and study of a large kindred. Am ] Med 36:595-
617

M.C. Yuetal.

Nakanishi K, Kurata Y, Oshima M, Fukushima S, Ito N (1982)
Carcinogenicity of phenacetin: long-term feeding study on
B6C3F mice. Int ] Cancer 29:434-444

Newton JF, Yoshimoto M, Bernstein J, Rush GF, Hook JB
(1983) Acetaminophen nephrotoxicity in the rat. I. Strain
differences in nephrotoxicity and metabolism. Toxicol
Appl Pharmacol 69:291-306

Nutting PA, Freeman WL, Risser DR, et al. (1993) Cancer
incidence among American Indians and Alaska Natives,
1980 through 1987. Am ] Public Health 83:1589-
1598

O’Donnell MP, Kasiske BL, Kim Y, Schmitz PG, Keane WF
(1993) Lovastatin retards the progression of established
glomerular disease in obese Zucker rats. Am ] Kidney Dis
22:83-89

Paganini-Hill A, Chao A, Ross RK, Henderson BE (1989)
Aspirin use and chronic diseases: a cohort study of the
elderly. BMJ 299:1247-1250

Parker SL, Tong T, Bolden S, Wingo PA (1996) Cancer statis-
tics, 1996. CA Cancer J Clin 46:5-27

Parkin DM, Whelan SL, Ferlay J, Raymond L, Young J (1997)
Cancer incidence in five continents, vol VII. IARC Scien-
tific Publications No. 143, International Agency for
Research on Cancer, Lyon

Plummer DT, Leatherwood PD, Blake ME (1975) Urinary
enzymes and kidney damage by aspirin and phenacetin.
Chem Biol Interact 10:277-284

Raynor WJ, Shekelle RB, Rossof AH, Maliza C, Paul O (1981)
High blood pressure and 17-year cancer mortality in the
Western Electric Health Study. Am ] Epidemiol 113:371-
377

Ross RK, Paganini-Hill A, Landolph ], Gerkins V, Henderson
BE (1989) Analgesics, cigarette smoking, and other risk
factors for cancer of the renal pelvis and ureter. Cancer Res
49:1045-1048

Schlehofer B, Pommer W, Mellemgaard A, et al. (1996) Inter-
national renal-cell-cancer study. VI. The role of medical
and family history. Int J Cancer 66:723-726

Shuin T, Kondo K, Torigoe S, et al. (1994) Frequent somatic
mutations and loss of heterozygosity of the von Hippel-
Lindau tumor suppressor gene in primary human renal
cell carcinoma. Cancer Res 54:2852-2855

Talamini R, Baron AE, Barra S, et al. (1990) A case-control
study of risk factor for renal cell cancer in northern Italy.
Cancer Caus Contr 1:125-131

Tsuda H, Sakata T, Masui T, Imaida K, Ito N (1984)
Modifying effects of butylated hydroxyanisole, ethoxyquin
and acetaminophen on induction of neoplastic lesions
in rat liver and kidney initiated by N-ethyl-n-
hydroxyethylnitrosamine. Carcinogenesis 5:525-531

Weinmann S, Glass AG, Weiss NS, Psaty BM, Siscovick DS,
White E (1994) Use of diuretics and other antihypertensive
medications in relation to the risk of renal cell cancer. Am
] Epidemiol 140:792-804

Wolk A, Gridley G, Niwa S, et al. (1996) International renal cell
cancer study. VIL Role of diet. Int ] Cancer 65:67-73

Wynder EL, Mabuchi K, Whitmore WEF (1974) Epidemiology
of adenocarcinoma of the kidney. ] Natl Cancer Inst
53:1619-1634

Yamasaki E, Ames BN (1977) Concentration of mutagens
from urine by adsorption with the nonpolar resin XAD-2:
cigarette smokers have mutagenic urine. Proc Natl Acad
Sci USA 74:3555-3559

Yu MC, Mack TM, Hanisch R, Cicioni C, Henderson BE (1986)
Cigarette smoking, obesity, diuretic use, and coffee con-
sumption as risk factors for renal cell carcinoma. J Natl
Cancer Inst 77:351-356



Epidemiology of Renal Cell Carcinoma

Yu MC, Ross RK (1998) Epidemiology of bladder cancer. In:
Petrovich Z, Baert L, Brady LW (eds) Carcinoma of the
bladder, innovations in management. Springer, Berlin
Heidelberg, New York, pp 1-13

Yuan J-M, Castelao JE, Gago-Dominguez M, Yu MC, Ross RK
(1998a) Tobacco use in relation to renal cell carcinoma.
Cancer Epidemiol Biomarkers Prev 7:429-433, 1998

Yuan J-M, Castelao JE, Gago-Dominguez M, Ross RK, Yu

13

MC (1998b) Hypertension, obesity and their medica-
tions in relation to renal cell carcinoma. Br J Cancer
77:1508-1513, 1998

Yuan J-M, Gago-Dominguez M, Castelao E, Hankin JH, Ross
RK, Yu MC (1998c) Cruciferous vegetables in relation to
renal cell carcinoma. Int J Cancer 77:211-216, 1998

Zbar B, Tory K, Merino M, et al. (1994) Hereditary papillary
renal cell carcinoma. J Urol 151:561-566



2 Pathology of Renal Cell Carcinoma

T. RoskaMms and B. VAN DAMME

CONTENTS

2.1  Histogenesis and Classification 15
2.2 Renal Adenoma 16
2.3 Clear Cell Renal Cell Carcinoma 17
2.3.1 Gross Pathology 17
2.3.2  Microscopic Pathology 17
2.4 Chromophil Renal Cell Carcinoma 18
2.4.1 Gross Pathology 18
2.4.2 Microscopic Pathology 18
2.5  Chromophobe Renal Cell Carcinoma 19
2.5.1 Gross Pathology 19
2.5.2 Microscopic Pathology 19
2.6  Collecting Duct Carcinoma
(Bellini’s Duct Carcinoma) 20
2.6.1 Gross Pathology 20
2.6.2 Microscopic Pathology 21
2.7  Renal Oncocytoma 21
2.7.1 Gross Pathology 21
2.7.2 Microscopic Pathology 21
2.8 Neuroendocrine Tumors of the Kidney 22

2.8.1 Gross Pathology 22

2.8.2 Microscopic Pathology 22
References 22

2.1

Histogenesis and Classification

Renal cell carcinomas (RCCs) are clinically, histo-
logically, and genetically a very heterogeneous group
of tumors. This heterogeneity is a well-known com-
plicating factor in the diagnosis. The histogenesis of
RCC was controversial for a long time, especially in
terms of the thesis originally expressed by Virchow
and advocated by Grawitz that certain clear cell
epithelial renal tumors are derived from ectopic
adrenocortical elements (GRaAwiTz 1883). This has
led to the terms “hypernephroma,” “Grawitz
tumor,” and “hypernephroid renal carcinoma.” To-
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day, preference is given to renal tubular histogenesis,
mainly on the basis of animal experiments with car-
cinogens and observation of prestages and early
stages of epithelial renal tumors in human kidneys
(BANNAscH and ZERBAN 1990).

The aim of histopathological classification is to
use morphological criteria in order to recognize dis-
tinct entities which are prognostically and clinically
significant. The current World Health Organization
(WHO) classification subdivides renal tumors into
adenomas, carcinomas, and others (MURPHY et
al. 1994). Cytologically clear, granular, spindle,
oncocytic, and mixed cell types are distinguished
(MurpHY et al. 1994). This classification provides
little insight into the oncogenesis, progression, and
clinical behavior of these tumors (FLEMING 1993;
Kovacs 1993; THOENES et al. 1986; vaAN DER HouT
et al. 1993). Based on new electron microscopic and
histochemical observations, a more extended and
refined classification was proposed by THOENES et
al. in 1986. This group analyzed more than 1200 epi-
thelial renal tumors and suggested that the various
subtypes of RCC are derived from different cells of
origin in the different parts of the nephron collecting
duct system (THOENES et al. 1986) (Table 2.1). Five
cell types are distinguished: (1) clear cell and (2)
chromophil, both derived from the proximal tubule;
(3) chromophobe and (4) oncocytic, derived from
the intercalated cells of the cortical collecting duct;
and (5) Bellini duct cell type derived from the princi-
pal cells of the medullary collecting duct. Of each
basic type, an eosinophilic variant exists, which is
characterized by a higher number of mitochondria.
Dedifferentiation results in spindle/pleomorphic
(sarcomatoid) variants of each basic type (except
oncocytoma). The eosinophilic and spindle/
pleomorphic variants are often combined with the
basic types. Three growth patterns are recognized:
(1) compact, (2) tubulopapillary, and (3) cystic
(THOENES et al. 1986). In 1995, two new subtypes
were introduced: neuroendocrine RCC and meta-
nephric adenoma (STORKEL and VAN DEN BERG
1995). Although the new classification was based on
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Table 2.1. Classification of renal cell tumors in relation to the nephron and its cell types

Proximal tubule

Distal tubule

Cortical medullary
collecting duct

Connecting tubule

Chromophobe RCC  Oncocytoma  Bellini duct ca.
Chromophobe RCC Bellini duct ca.
Chromophobe RCC Bellinic duct ca.

Basic types  Clear cellRCC  Chromophil RCC

Eosinophilic ~ Clear cell RCC  Chromophil RCC
variants

Sarcomatoid Clear cell RCC  Chromophil RCC
variants

Table 2.2. Overview of different types of RCC and differential diagnostic criteria

Clear cell RCC

Chromophil RCC

Chromophobe RCC

Bellini duct ca.

Oncocytoma

Gross pathology

Growth pattern

Cell type

Immunohistochemical
features

Ultrastructural
features

Yellow
Well circumscribed

Necrosis, hemorrhage

Cysts
Compact

Tubulocystic

Delicate fibrovascular
septa

Clear (empty) cells
(Eosinophilic granular
cells)

(Spindle cells)

Cytokeratin +
Vimentin + (partly)
Ulex europaeus —
Coll. iron droplike +

Tan or brown
Well circumscribed

Light brown
Well circumscribed

White or gray
Irregular extensions

Tan-brown .
Central stellate
scar

Necrosis, Necrosis Hemorrhage
hemorrhage
Multifocal, bilateral ~ Solitary Centered in medulla  Necrosis is rare
Papillary Compact Tubular Compact or
insular
Tubulopapillary (tubular) (Papillary) Tubules often
present
Abundant loose or Edematous
desmoplastic stroma
stroma
Small cells with Pale, reticular Hobnail cells Eosinophilic
scanty pale cytoplasm cytoplasm
cytoplasm Eosinophilic
cytoplasm
Large cells with Prominent cell
abundant membranes
eosinophilic Perinuclear halo
cytoplasm

Cytokeratin +

Cytokeratin +

Ulex europaeus +

Cytokeratin +

Vimentin + (partly) ~ Vimentin - Vimentin —
Ulex Europaeus — Ulex Europaeus — Coll. iron
Coll. iron Colloidal iron ++ weakly +
droplike + (reticular)
Vesicles Numerous
Plus Numerous mitochondria

mitochondria in
eosinophilic
variant

morphological criteria, subsequent genetic studies
have confirmed its validity by showing characteristic
genetic abnormalities in each subtype; other genetic
changes have been related to tumor progression
(Kovacs 1993; vAN DEN BERG et al. 1993).

After a discussion on the controversial diagnosis
“adenoma,” the following sections discuss each of
the currently recognized subtypes of RCC (for an
overview see Table 2.2).

2.2
Renal Adenoma

The differential diagnosis between renal cell
adenomas and carcinomas has been a matter of con-

troversy for decades. Discovery of small cortical le-
sions at autopsy might suggest that these lesions lack
the capacity to develop into clinical cancer. However,
small examples of each of the currently recognized
subtypes of RCC are found in surgical and autopsy
specimens (EBLE and WAREFEL 1991). Conversely, no
histological pattern found among the small cortical
tumors has no counterpart in clinical cancer. For a
long time, BELL’s rule (1950) was followed: a lesion
<3cm was regarded as adenoma, a lesion >3cm as
carcinoma (BELL 1950). Since incidental discovery of
small renal tumors by ultrasonography and com-
puted tomography conducted for other disorders is
increasing, a definition of renal adenoma based on
the size of the tumor is unreliable (DAL BiaNco et al.
1988). The new WHO classification proposed the fol-



Pathology of Renal Cell Carcinoma

lowing rules: (1) adenoma: nuclear grade 1 tumor
<1cm diameter; (2) carcinoma: grade 1 tumor >3 cm
diameter and every grade 2, 3, or 4 tumor; (3) grade
1 tumors of 1-3 cm diameter are considered of dubi-
ous malignancy (MURPHY et al. 1994). Presently,
there are no studies showing that tumors <lcm in
diameter can be safely left in place and that they will
not progress and grow, particularly if they are of the
clear cell type. So caution has to be taken and it
seems appropriate to follow patients with inciden-
tally found small tumors very closely or to perform a
local resection.

2.3
Clear Cell Renal Cell Carcinoma

Clear cell RCC is the most common type of RCC,
accounting for 70% of the cases in surgical series.

231
Gross Pathology

The typical macroscopic appearance of clear cell
RCC is a solid, yellow-light orange tumor, often
lobulated and bulging above the cut surface. Usually
these neoplasms are surrounded by a pseudocapsule,
but sometimes they diffusely infiltrate and replace
the kidney. Pale areas of necrosis and darker areas
of hemorrhage are frequently seen, giving the tumor
a mottled aspect. Sarcomatoid (dedifferentiated)
areas are pale and firm. Cysts are common and rarely
the tumor is nearly completely cystic (HARTMAN et
al. 1986; MURAD et al. 1991). The cysts usually have a
smooth surface. Occasionally, clear cell RCC arises
in a preexisting simple cyst. A cystic appearance can
also be the result of necrosis and degeneration.
Multicentric tumors in the same kidney appear in
approximately 13% of cases of clear cell RCC
(CHENG et al. 1991), particularly in association with
von Hippel-Lindau disease (SEIZINGER et al. 1988)
and with acquired cystic disease in chronically dia-
lyzed patients (HUuGHSON et al. 1980). Bilateral clear
cell RCC is rarely seen, usually occurring in associa-
tion with von Hippel-Lindau disease (SEIZINGER
et al. 1988).

23.2
Microscopic Pathology

As already stated in the introduction, clear cell RCCs
originate from the proximal tubule. This was first
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Fig. 2.1. Clear cell RCC composed of clear (empty) cells (left)
and eosinophilic granular cells (right), organized in broad
trabeculae, separated by delicate fibrovascular septa (solid
pattern). Hematoxylin-eosin, original magnification x200

indicated in 1960 by the findings of OBERLING et al.
that these tumors exhibit apical brush borders of
microvilli, pinocytotic vesicles, and a glycocalyx-like
matrix. Subsequent immunohistochemical studies
have supported the proximal tubule origin
(THOENES et al. 1990): clear cell RCCs typically
express cytokeratin and vimentin, which are also
present in the normal proximal tubule.

Clear cell RCC is composed of cells with abundant
clear cytoplasm due to lipid (visualized with oil red O
stain on frozen sections) and/or glycogen (visualized
on PAS stain) storage. Although this feature has
given the tumor its name, it is common for tumor
cells to exhibit a more eosinophilic, granular cyto-
plasm, especially in areas of necrosis or bleeding.
Sometimes, tumor areas consist almost entirely of
eosinophilic granular cells, which by no means con-
tradicts the diagnosis of the clear cell variant of RCC.
The eosinophilic appearance of the cytoplasm is due
to the presence of a large number of mitochondria.

Clear cell RCC can have several architectural pat-
terns, which commonly occur in combination. Most
often, the tumor cells are organized in broad sheets
and trabeculae, separated by delicate fibrovascular
septa (compact, solid, or alveolar pattern) (Fig. 2.1).
The pattern of thin-walled blood vessels is striking
and diagnostically valuable. Tumor cells can also be
arranged in more or less dilated tubular structures,
merging with the cystic pattern. Small tubular struc-
tures are usually empty, while larger dilated tubules
or cysts often contain eosinophilic fluid or blood. In
poorly differentiated tumors, sarcomatoid areas can
be seen, in which the tumor cells become spindled
and have a more or less bundled growth pattern. If a
tumor seems entirely sarcomatoid, extensive sam-
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Table 2.3. Fuhrman nuclear grading system

Grade Characteristics

Grade 1 Round, uniform nuclei; +10 pm in diameter
with minute or absent nucleoli

Grade 2 Slightly irregular nuclear contours; £15pm in
diameter; nucleoli visible at 400 x

Grade 3 Moderately to markedly irregular nuclear
contours; 20 pm in diameter; large nucleoli,
visible at 100 x

Grade 4 Nuclei similar to those of grade 3, but also

multilobular or multiple nuclei or bizarre
nuclei and heavy clumps of chromatin

pling should be carried out in the search for
epithelial areas.

Degenerative changes - necrosis, hemorrhage,
edema, fibrosis, hemosiderin, cholesterol clefts, and
calcification - are common in tumors of any archi-
tectural pattern.

In cases of clear cell RCC the nuclei are usually
spherical and centrally located, ranging from small
and hyperchromatic without visible nucleoli to large
and pleomorphic with prominent nucleoli. Based on
the size and contour of the nuclei and on the con-
spicuousness of the nucleoli, the FUHRMAN nuclear
grading system has been developed (FUHRMAN et al.
1982) (Table 2.3) and has been shown to correlate
well with survival (MEDEIROS et al. 1988).

24
Chromophil Renal Cell Carcinoma

The second most common carcinoma arising from
the renal tubular epithelium is chromophil RCC, also
called papillary RCC because of the predominant
papillary growth pattern. Chromophil RCC accounts
for 10%-15% of RCCs in large clinical series (EBLE
1996).

There is considerable immunohistochemical evi-
dence that chromophil RCCs originate in the proxi-
mal tubules (STORKEL 1993; STORKEL and JACOBI
1989). However, other studies have shown that
papillary RCCs express markers of both proximal
and distal tubular epithelium (HuGHsON et al. 1993).
A recent study in a series of 105 chromophil RCCs
showed a variable expression of cytokeratin 7
(DELAHUNT and EBLE 1997), which is also present in
normal renal distal tubule and collecting duct epi-
thelium, but not in the proximal tubule (GATALICA
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et al. 1995), and vimentin, which is present in the
normal proximal tubule, but not in the distal tubule.

24.1
Gross Pathology

Chromophil RCC is well circumscribed, with fre-
quent cystic change, hemorrhage, and necrosis.
Hemorrhage and necrosis may be extensive, causing
the tumor to appear hypovascular on angiography
(MANCILLA-JIMENEZ et al. 1976). Size is highly vari-
able and many tumors are large. Calcifications and
psammoma bodies are more often seen in chro-
mophil RCC than in other subtypes. Multifocality
and bilaterality are also prominent features in chro-
mophil RCCs (AMIN et al. 1997; Kovacs and
Kovacs 1993).

24.2
Microscopic Pathology

The large majority of chromophil RCCs have a pap-
illary or tubulopapillary architecture (AMIN et al.
1997; DELAHUNT and EBLE 1997; THOENES et al.
1990) (Fig. 2.2). The remainder have a “compact” or
“trabecular” pattern. In our experience and also that
of others (AMIN et al. 1997), a compact pattern is
mostly the result of tight packing of papillae, while a
trabecular pattern results from long parallel arrays
of papillae; if one pays special attention, the fibrovas-
cular cores of the papillae can still be recognized in
these “other” growth patterns. Papillary cores can be
extended by edema, giving a false impression of cysts
on low magnification (DELARUNT and EBLE 1997).
There are three variants of chromophil RCC: (1)
basophilic (Fig. 2.2a), (2) eosinophilic (Fig. 2.2b),
and (3) intermediate. The basophilic variant consists
of papillae with a fibrovascular core, covered with a
single layer of small epithelial cells with scanty pale
or clear cytoplasm. The basophilic appearance is due
to the small volume of the cytoplasm and, accord-
ingly, the relatively high nuclear/cytoplasmic ratio.
The nuclei show a low to medium degree of pleomor-
phism and usually inconspicuous nucleoli (Furhman
grades I and II; grade III is rare). Accumulations of
foamy macrophages that fill and extend the papillary
cores are common in the basophilic variant
(DeLAHUNT and EBLE 1997). If tubules are present,
they are lined by similar cells and often result from
cross-sectioning of papillae. The eosinophilic variant
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Fig. 2.2 a,b. Chromophil RRC. a Basophilic variant. Papillary
structures are lined by a single layer of small epithelial cells.
The nuclei show a low degree of pleomorphism. b Eosino-
philic variant. Papillae are covered by large cells with abun-

is composed of papillae, covered by epithelial cells
with abundant eosinophilic cytoplasm, arranged in
a pseudostratified or irregularly stratified manner.
Areas with clear cells may be prominent (AMIN et al.
1997). Nuclei show predominantly medium- to high-
grade nuclear pleomorphism (Fuhrman grades II,
I11, and IV; grade I is rare). Foamy macrophages in
the papillary cores are rarely seen in the eosinophilic
variant (DELAHUNT and EBLE 1997). Mitotic figures
are rare in both variants, while tumor-related in-
flammation is a prominent feature. Sarcomatoid
dedifferentiation occurs occasionally, at a rate not
much different from that of other types of RCC
(DELAHUNT and EBLE 1997).

2.5
Chromophobe Renal Cell Carcinoma

Chromophobe RCC was discovered by BANNASCH in
experimentally induced tumors in rats in 1974
(BANNASCH et al. 1974); THOENES et al. described the
first cases in humans in 1985 (THOENES et al. 1985).
This tumor represents approximately 4%-5% of
neoplasms of the renal tubular epithelium in surgical
series (CROTTY et al. 1995; DELONG et al. 1996;
DurHAM et al. 1996; THOENES et al. 1986). The tu-
mor cells are characterized by numerous cytoplas-
mic vesicles on electron microscopic examination:
these vesicles are characteristic and define the entity
(Bonsis and LAGER 1990; THOENES et al. 1988). The
vesicles resemble vesicles seen in the intercalated
cells of the collecting duct (BonsiB and LAGER 1990;
STORKEL et al. 1989; THOENES et al. 1988).
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dant eosinophilic cytoplasm. Nuclear pleomorphism is more
prominent. In the center of the figure, foamy macrophages are
present in the core of the papillary structures. Hematoxylin-
eosin, original magnification x200

2.5.1
Gross Pathology

Chromophobe RCCs vary in size from less than 2cm
to more than 20cm. The tumors are typically soli-
tary, circumscribed, globular, and solid. The cut sur-
face is characteristically beige to light brown, but
may be yellow or gray-white. Foci of hemorrhage or
necrosis are rare.

2.5.2
Microscopic Pathology

Most tumors have a solid growth pattern, but tubular
areas may be present. The nuclei are central or
slightly eccentric, and may be either low or high
grade. Mitotic figures are rare, but can be detected in
the majority of cases. Two histological variants are
recognized: typical and eosinophilic. In the typical
variant, the cells have a voluminous, pale (but not
clear) reticular cytoplasm (Fig. 2.3). The cytoplasm is
condensed at the periphery of the cell, accentuating
the cell boundaries. The typical variant may be
mistaken for clear cell RCC. In clear cell RCC, how-
ever, the transparency of the cytoplasm is due to
dissolution of glycogen and lipid from the cells
during tissue processing. The transparency of cyto-
plasm in chromophobe cell carcinoma is chiefly due
to the accumulation of membranous microvesicles
(THOENES et al. 1988). In the eosinophilic variant, the
cytoplasm is markedly eosinophilic and finely
granular. The cytoplasm surrounding the nucleus
may be pale, creating a halo. Ultrastructurally, nu-
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Fig. 2.3. Chromophobe RCC. Solid growth pattern. Cells with
voluminous pale, reticular cytoplasm and prominent cell bor-
ders are intermingled with smaller cells with eosinophilic cy-
toplasm. A perinuclear halo can also be recognized (upper left
corner). Hematoxylin-eosin, original magnification x400

merous mitochondria are mixed with the cytoplas-
mic vesicles. Mixtures of the two cell types are not
uncommon. The tumor cells are arranged in trabe-
culae, with the pale cells often showing an affinity for
the periphery, where they are juxtaposed to the vas-
cular septa. The cells in the center of the trabeculae
have more granularity with perinuclear clearing. It is
imperative to pay attention to the diffuse growth
pattern with a variable yet often unique interplay of
the two distinct cell types (DURHAM et al. 1996).
The eosinophilic variant may be difficult to dis-
tinguish from eosinophilic chromophil RCC and
oncocytoma (BonsiB and LAGER 1990; THOENES
et al. 1986; THOENES et al. 1988). This differential
diagnosis is highly significant given the different
implications for the expected clinical course of the
disease (benign versus malignant). Some authors
suggest that most (if not all) published cases of “ma-
lignant” oncocytoma of the kidney actually repre-
sent misdiagnosed chromophobe RCC (BonsiB and
LAGER 1990; Kovacs 1993; THOENES et al. 1986).
Hale’s colloidal iron stain is diagnostically most
helpful and stains the cytoplasm of chromophobe
cells a vivid blue with a reticular pattern (DELONG et
al. 1996). Also PAS staining reveals strong positivity
in a reticular pattern; staining is abolished by dia-
stase predigestion (DELONG et al. 1996). Some degree
of Hale’s colloidal iron reactivity can be seen in
other types of tumors, although the pattern of reac-
tivity is distinctly different (DELONG et al. 1996). In
oncocytoma, there is faint, diffuse positivity without
the reticular pattern. In clear cell and eosinophilic
chromophil RCCs, reactivity is scattered and
droplike, frequently corresponding to hemosiderin
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deposits. A reticular pattern is not observed.
Immunohistochemically, chromophobe  RCCs
cannot be distinguished from other tumors. Chro-
mophobe RCCs are typically positive for cytokeratin
and epithelial membrane antigen and negative for
vimentin (DELONG et al. 1996; STORKEL et al. 1989).
Interestingly, chromophobe RCC shows an unusual
reactivity pattern for cytokeratin, with scattered
strongly positive cells among negative cells (DELoONG
et al. 1996; STORKEL et al. 1989). This pattern is not
seen in the other types of RCC. Vimentin immunore-
activity is helpful in the differential diagnosis with
clear cell RCC, since all chromophobe RCCs are
negative and some clear cell RCCs are positive.
Oncocytoma is also typically negative for vimentin.
The most characteristic feature of chromophobe
RCCs is the presence of abundant cytoplasmic
microvesicles (150-300nm) on ultrastructural ex-
amination. In the eosinophilic variant, these vesicles
are admixed with large numbers of mitochondria,
which can again lead to confusion with oncocytoma
(BonsiB and LAGER 1990; DELONG et al. 1996;
THOENES et al. 1985, 1988). BonsiB and LAGER
(1990) have shown that the vesicles disintegrate in
routine processing for paraffin embedding, so it is
crucial that tissue for electron microscopy be prima-
rily fixed in glutaraldehyde.

2.6
Collecting Duct Carcinoma
(Bellini Duct Carcinoma)

The collecting ducts begin in the renal cortex and
descend through the medulla to the renal papillae.
The short segments just above the papillary orifices
are called Bellini’s ducts. There is evidence that the
intercalated cells of the collecting duct may be the
origin of chromophobe RCC (STORKEL et al. 1989)
and renal oncocytoma (STORKEL et al. 1988). In ad-
dition, a heterogeneous group of tumors with a pre-
sumed collecting duct origin has been described
(A1zawa et al. 1987; FLEMING and Lew1i 1986;
KENNEDY et al. 1990; RUMPELT et al. 1991), repre-
senting about 2% of renal neoplasms.

2,6.1
Gross Pathology

The tumor mass is usually localized in the renal me-
dulla, often with irregular extensions into the adja-
cent renal cortex and hilar structures and with
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distortion of the pelvicalyceal system (FLEMING and
LeEw1 1986; KENNEDY et al. 1990). The tumors are
generally firm and white or gray.

2.6.2
Microscopic Pathology

Collecting duct carcinoma has features of both
adenocarcinoma and urothelial carcinoma (EBLE
1990; RuMPELT et al. 1991). The tumors consist of
anastomosing tubules, cords, and nests in an abun-
dant, loose, or desmoplastic stroma (Fig. 2.4). The
cells have small or moderate amounts of cytoplasm
and often pleomorphic nuclei, oriented towards the
lumen of tubules. This “hobnail” appearance is a
useful feature since it is rarely found in other types of
RCC and is not found in urothelial carcinoma. In
some reported cases, a papillary architecture pre-
dominates, giving rise to a differential diagnostic
problem with chromophil RCC (A1zawa et al. 1987;
KENNEDY et al. 1990). Occasionally, atypical cells
are found in adjacent distal tubules or collecting
ducts, providing a clue to the collecting duct origin
of the tumor (KENNEDY et al. 1990). Sarcomatoid
dedifferentiation has been reported (BAER et al.
1993).

Ulex europaeus lectin is the best marker for col-
lecting duct carcinoma: all presently reported cases
are strongly immunoreactive, while other types of
RCC are consistently negative (DELAHUNT and EBLE
1997; RUMPELT et al. 1991). The majority of cases are
immunoreactive for vimentin (KENNEDY et al. 1990).

Fig. 2.4. Collecting duct carcinoma (Bellini duct carcinoma)
consisting of irregular tubular structures, lined by atypical
cells with pleomorphic nuclei (hobnail cells). The tumor infil-
trates the cortex, in between preexisting glomeruli. PAS after
a-amylase digestion, original magnification x100
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Intraluminal mucin production staining positive on
PAS and mucicarmine stain is also a feature of col-
lecting duct carcinoma.

2.7
Renal Oncocytoma

In 1976 KLEIN and VALENSI drew attention to renal
oncocytoma as a renal tumor previously classified
as granular cell RCC, but having a benign course
(KLeEIN and VALENSI 1976). Renal oncocytoma ac-
counts for approximately 5% of renal neoplasms.
There is evidence that they originate from interca-
lated cells of the collecting duct (STORKEL et al.
1988).

2.7.1
Gross Pathology

Renal oncocytomas are usually well circumscribed,
solid, and tan-brown. Larger tumors tend to have a
central stellate scar. Foci of hemorrhage are fre-
quent, but necrosis is unusual and often related to
concurrent conditions such as vasculitis, sickle cell
anemia, or sepsis (DAVIs et al. 1991). Bilaterality or
multicentricity occurs. Rarely, large numbers of
small oncocytomas are present in the cortices of both
kidneys, a condition referred to as oncocytomatosis
(WARFEL and EBLE 1982).

2.7.2
Microscopic Pathology

The tumor consists of cells with abundant granular
eosinophilic cytoplasm; cells with clear cytoplasm
are not present. The nuclei are generally low grade
(nuclear grade I or II) and uniform, but focal areas
may have marked nuclear atypia. However, the pres-
ence of nuclei with features of nuclear grade IV in an
apparent oncocytoma strongly suggests that the tu-
mor is a carcinoma. Mitotic activity is not seen, and
foci of necrosis are uncommon. The cells are usually
arranged either in diffuse sheets or as cellular islands
in a background of loose edematous connective
tissue (archipelagic architecture) (Fig. 2.5). Tubules,
often mildly dilated, are also common. Ultrastruc-
turally, the cytoplasm is filled with mitochondria
rich in cristae, and other organelles are scant.
Microvilli are sparse and completely formed brush
borders are usually absent (EBLE and HuLL 1984).
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Fig. 2.5. Renal oncocytoma. Islands of cells with eosinophilic
cytoplasm in a background of loose edematous connective
tissue. Hematoxylin-eosin, original magnification X100

Microscopic vascular invasion and microscopic ex-
tension into perirenal fat is seen in 5%-10% of cases
and appears to have no adverse effect (DAvis et al.
1991); however, more cases need to be studied to
confirm this. Features that are impermissible in
(benign) renal oncocytoma and which imply the di-
agnosis of (malignant) carcinoma are gross vascular
invasion or gross extension into perirenal fat, pres-
ence of clear cells or spindle cells, papillary architec-
ture, and presence of mitotic figures. The main
differential diagnostic problem is the eosinophilic
variant of chromophobic RCC: in the latter, a col-
loidal iron stain is positive and the typical
chromophobe-type vesicles are seen by electron
microscopy.

2.8
Neuroendocrine Tumors of the Kidney

Neuroendocrine tumors of the kidney range from
carcinoid tumors to small cell carcinomas and are
extremely rare (EBLE 1990).

2.8.1
Gross Pathology

Carcinoid tumors are often well circumscribed and
consist of red or tan-colored tissue with areas of
necrosis and hemorrhage. Small cell carcinomas are
large and often show invasion of local structures
(EBLE 1990).

T. Roskams and B. Van Damme

2.8.2
Microscopic Pathology

The histological appearance of both carcinoid
and small cell carcinoma is identical to that of
their counterparts in other organs. Ultrastructurally,
neurosecretory granules are present and immuno-
histochemically, they are immunoreactive for cyto-
keratin, chromogranin, neuron-specific enolase, and
other neuroendocrine markers.
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3.1
Introduction

The classification of renal cell carcinomas is still a
matter of debate. The World Health Organization
(WHO) nomenclature subdivided renal tumors into
adenomas, carcinomas (with and without papillary
growth pattern), and others (MURPHY et al. 1994). A
new refined classification of renal cell tumors was
suggested by THOENES et al. (1986), based not on the
growth pattern but on the cell type from which they
are derived in different parts of the tubules. Five
basic tumor cell types can thus be distinguished:
clear and chromophilic cells derived from the prox-
imal tubules; chromophobe and oncocytic cells
derived from the cortical connecting tubules and
Bellini duct cells derived from the medullary
connecting duct. Variants can be assigned to all
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these basic cells, resulting from an accumulation of
mitochondria (eosinophilic variants). An ultimate
form of dedifferentiation may occur when spindle
cells (sarcomatoid transformation) are present in a
smaller or greater part of a tumor together with any
of the basic cell subtypes (carcinomatous area). In
1995, two new subtypes were introduced, neuro-
endocrine renal cell carcinoma and metanephric ad-
enomas (STORKEL and VAN DEN BERG 1995).

Specific genomic changes mark the majority of
each morphological subtype, and other changes have
been related to tumor progression (Kovacs 1993;
VAN DEN BERG et al. 1993).

3.2
Renal Cell Carcinoma
of the Clear Cell Type

3.2.1
Cytogenetics

A pivotal finding leading to the recognition of
the target region 3p, important in the histogene-
sis of clear cell renal cell carcinoma (RCC), has
been the identification of families carrying a consti-
tutional translocation involving the 3p region, i.e.,
t(3;8)(p14.2;q24.1) and t(3;6)(p13;q25), in which an
unusual number of members have developed
a clear cell RCC (CoHEN et al. 1979; KovAcs et al.
1989).

Since the first observation of involvement of
chromosome 3 in RCC in a series of cell lines as well
as in primary renal tumors, reported by WANG et al.
(1983), loss of the short arm (p) of chromosome 3
has frequently been observed in sporadic clear cell
type/nonpapillary RCC, mostly as the sole chromo-
some change. This partial monosomy 3p can occur
via at least three different mechanisms: (1) as a dele-
tion, terminal or interstitial; (2) as an unbalanced
translocation between the 3p region and another
chromosome, the long arm (q) of chromosome 5
being a preferential partner; (3) as a result of loss of
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one chromosome 3 material, 3pter 3q11-12 or 3pter
3q21 being deleted with a concomitant translocation
of the remaining part of the long arm of chromo-
some 3 (Figs. 3.1-3.3).

The region of chromosome 3p most frequently
lost varies from pl1.2 to pter with a clustering of
breakpoints at 3p14.2, which is the locus of fragile
site FRA 3B (SUTHERLAND and HECHT 1985).

Besides a 3p abnormality, other recurrent chro-
mosome aberrations can be observed in clear cell
RCC, which seem to be associated with tumor
progression. Among the numerical changes, mono-
somies of chromosomes 8, 9, 13, and 14 and triso-
mies of chromosomes 12 and 20 are the most
frequent anomalies observed. Also nonrandom
structural changes involving 5q, 6q, 8p, 10q and 14q
have been described (KALBLE and Kovacs 1994).
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Fig. 3.1. Partial karyotypes from six
different clear cell RCCs, showing dif-
ferent deletions of the short arm of
chromosome 3 (arrowheads)

Fig. 3.2. G-banded karyotype of a clear
cell RCC showing loss of 3p by unbal-
anced translocation t(2;3)(p11;p11) (ar-
row). Arrowheads point to secondary
chromosome abnormalities

Most of the bilateral solitary RCCs are of the clear
cell type, and cytogenetic investigations have shown
that the abnormal karyotype of the tumor of one
kidney is usually different from that of the other
(DAL CIN et al. 1996).

3.2.2
Molecular Aspects

From the findings in two families with hereditary
clear cell RCC exhibiting a constitutional transloca-
tion involving 3p, i.e., t(3;8) and t(3;6) (COHEN et al.
1979; Kovacs et al. 1989), it has been suggested that
the translocation inactivated a tumor suppressor
gene on chromosome 3. Further molecular studies
on these families have shown that, as different chro-
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mosomal sites are affected by the translocations, it is
unlikely that they would disrupt the same tumor
suppressor gene, consequently implying the pres-
ence of two different tumor suppressor genes in
the 3p12-p14 region (VAN DEN BERG et al. 1995b).
The von Hippel-Lindau (VHL) gene located at 3p25
(LATIF et al. 1993) was found to be involved not only
in the hereditary cancer syndrome but also in the
development of sporadic clear cell RCCs. The VHL
gene therefore was suggested to be the RCC gene
(GNARRA et al. 1994). Recently another gene on
chromosome 3, FHIT, has been found to be dis-
rupted in hereditary RCC with a (3;8) constitutional
translocation (OTHA et al. 1995). Its causative role in
RCC, however, is very much debated (LuaN et al.
1997; VAN DEN BERG et al. 1997).

Furthermore, loss of heterozygosity has been
demonstrated with high frequency in clear cell/
nonpapillary RCC in several regions of 3p, i.e,
3p12-pl4, 3p21 and 3p25 (for review see VAN DEN
BERG et al. 1996). The true nature of the apparently
complex genomic changes that may occur in the
3p11.2-p14.1 large breakpoint region, however, is far
from being established (BUGERT et al. 1996).

Finally, loss of heterozygosity at chromosomes 8p,
9p, and 14q is probably more related to tumor evolu-
tion as it has been described mainly in advanced
stages of nonpapillary RCC and potentially repre-
sent a good prognostic marker for these tumors
(SCHULLERUS et al. 1997).
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Fig. 3.3. G-banded karyotype showing
a der(3)t(3;5)(p13;q22) (arrow) leading
to loss of 3p and partial trisomy 5q22
qgter. Arrowheads point to secondary
chromosome abnormalities

3.3
Renal Cell Adenoma/Carcinoma
of the Chromophilic Type

3.3.1
Cytogenetics

Renal cell adenomas/carcinomas of the chromo-
philic type are generally referred to as papillary renal
cell tumors. Two subgroups of papillary/chrom-
philic renal tumors may be distinguished on the
basis of karyotypic changes. The combination of sex
chromosome loss with trisomy or tetrasomy 7 and
trisomy 17 is a unique combination of numerical
changes found as the only karyotypic alteration
in some papillary tumors. Such tumors do not
display invasive and metastatic growth; therefore
they must be considered benign and should be re-
ferred to as papillary adenoma (DAL CiN et al. 1989;
Kovacs et al. 1991) (Fig. 3.4). When, however, addi-
tional trisomies 12, 16, and 20 appear, they are
associated with a more aggressive behavior and with
progression to the carcinoma stage, papillary RCC.
In these cases trisomy 3/+3q is also frequently found
(Fig. 3.5).

In a recent study BRowN and co-workers (1997)
argued that simultaneous chromosome 7 and 17 gain
with or without sex chromosome loss also character-
izes a newly identified entity, metanephric adenoma,
suggesting that these tumors may be related to the
common papillary tumors.

Bilateral multifocal RCCs are always of the papil-
lary/chromophilic type and the karyotypes show
more or less the same numerical anomalies with tri-
somies in different combinations in the same kidney
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as well as in both kidneys (Kovacs et al. 1991; HENN
et al. 1993).

3.3.2
Molecular Aspects

Little is known about molecular lesions in chro-
mophilic tumors. Missense mutations in the
tyrosine kinase domain of the MET proto-oncogene,
located at 7q31, have recently been described in the
germline of affected members of hereditary papillary
renal carcinoma families and in a subset of sporadic
papillary RCCs (ScHMIDT et al. 1997).
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Fig. 3.4. G-banded karyotype of a
papillary/chromophilic renal adenoma
showing the characteristic combination
of tetrasomy 7, trisomy 17, and loss of Y
chromosome (arrow)

Fig. 3.5. G-banded karyotype of a
papillary/chromophilic RCC showing
the presence of additional trisomies of
chromosomes 3 and 12 (arrowheads)

3.3.3
Chromophilic Renal Cell Carcinomas
with Aberration of Xp11.2

Fifteen RCCs have been reported with X; autosome
translocations (for review see DAL CIN et al. 1998).
The most frequently reported translocation partner
of the Xp11.2 band has been the 1q21 band, followed
by another chromosome 1 band, 1p34 (Fig. 3.6).
The three remaining RCCs exhibited a
t(X;17)(p11.2;q25), a t(X;10)(p11.2;q23), and a
del(X)(p11). Interestingly, the age distribution of
these cases is strikingly different from that of kidney
tumors in general, more than 50% of the patients
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being younger than 45 years. There is also a marked
predominance of males (ratio 4:1), whereas in the
general population a ratio of 1.5:1 is found.

Histologically, most of the cases have revealed a
chromophilic/papillary growth pattern, with some
clear cell-like features due to the deposition of fat
and glycogen, which results in a possible misdiagno-
sis of clear cell RCC. There are no data on the prog-
nosis of this subset of chromophilic RCCs. The
finding of metastases 31 years after nephrectomy
(DAL CIN et al. 1998) could be a truly exceptional
event, but could also indicate a more indolent course
of the disease.

The genes involved in the t(X;1) have recently
been identified. The translocation results in a fusion
of the transcription factor TFE3 gene on the X chro-
mosome to a novel gene, designated PRCC, on chro-
mosome 1 (WETERMAN et al. 1996).

34
Bellini Duct Carcinoma

Data concerning the cytogenetic abnormalities
of Bellini duct carcinoma are limited to seven
cases (FUzesI et al. 1992; GREGORI-ROMERO et al.
1996; CavaAzzANA et al. 1996). Conflicting findings
have been reported, with monosomies on the
one hand (Ftzes1 et al. 1992) and trisomies on the
other (CAvAzZzANA et al. 1996; GREGORI-ROMERO et
al. 1996).

Molecular studies in this particular type of kidney
tumor have suggested frequent loss of heterozy-
gosity of 8p and 13q, and no loss of material of the
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Fig. 3.6. G-banded karyotype showing
a der(X)t(X;1)(p11.2;q21), which is a
characteristic chromosome abnormal-
ity in some chromophilic RCCs

short arm of chromosome 3 (SCHOENBERG et al.
1995; POLASCIK et al. 1996).

3.5
Renal Cell Carcinoma of the
Chromophobic Cell Type

Cytogenetics, comparative genomic hybridization,
and microsatellite and DNA cytometric analysis have
suggested that a combination of monosomies of
chromosomes 1, 2, 6, 10, 13, 17, and 21 characterizes
this type of RCC (BUGERT et al. 1997; SCHWERDTLE
et al. 1996; SHUIN et al. 1996; SPEICHER et al. 1994).

Chromophobic RCCs do not grow very well
in vitro, but correct genetic characterization is
not trivial since the two variants, the typical one
and the eosinophilic one, may be misdiagnosed
as clear cell RCC and oncocytoma, respectively.
However, the latter two renal tumors exhibit dif-
ferent chromosomal patterns: loss of 3p material
in clear cell RCCs, and at least two different cytoge-
netic subgroups in oncocytomas, i.e., those with
coincident loss of chromosomes Y and 1, and
those with involvement of 11q13 (NEUHAUS et al.
1997).

3.6
Other Types of Renal Cell Carcinoma

There are no cytogenetic data on RCCs of the transi-
tional cell type. Investigations of only two cases
of neuroendocrine type RCC have been reported. In
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one case cytogenetic investigation revealed the
presence of two different abnormal karyotypes,
both involving chromosome 13, i.e., trisomy 13 and
t(13;14)(q31;q11.2) (vaN DEN BERG et 1995a); by
contrast loss of heterozygosity on 3p21 was observed
by EL-NAGGAR and co-workers (1995).

3.7
Sarcomatoid Renal Cell Cancers

Sarcomatoid transformation seems to occur in most
of the RCC subtypes. The appearance of sarcomatoid
features, such as a spindle cell pattern with little dif-
ferentiation, may be an indication of progression in
RCC rather than of the existence of a specific type of
tumor.

To our knowledge, a few sarcomatoid RCCs have
been cytogenetically investigated (EL-NAGGAR and
PATHAK 1992; GRAMMATICO et al. 1993; AKTHAR
et al. 1996; DiykHUIZEN et al. 1997). Cytogenetic
findings on two presumed papillary sarcomatoid
RCCs did not confirm the papillary nature of the
tumor since the changes characteristic of papillary
tumors were not found (EL-NAGGAR and PATHAK
1992; GRAMMATICO et al. 1993). On the other hand,
a low chromosome number usually characterizing
chromophobic RCC was found in both chro-
mophobe and sarcomatous components of a case
described by AKTHAR and co-workers (1996). Loss of
3p sequences, p53 mutation and complex karyotype
pointed to a clear cell rather than to a chromophilic
origin in the case investigated by DIJKHUIZEN et al.
(1997). Interesting, OpaA and co-workers (1995) de-
scribed an association between p53 and the sarcoma-
toid transformation in RCC.

3.8
Renal Cell Carcinoma in Children

Little is known about the cytogenetics of RCC in
the pediatric age group. Three cases have been
reported with a single chromosome change: a
t(X;1)(p11.2;q21.2) in a trabecular carcinoma com-
posed of large clear cells (DE JonG et al. 1986), a
t(X;17)(p11.2;q25) in a clear cell RCC (TOMLINSON et
al. 1991), and a t(6;17)(p21;q24-25) in a clear cell
RCC (DAL CIN et al. 1991).

P. Dal Cin and H. Van Den Berghe
References

Akthar M, Kfoury H, Kardar A, Linjafwi T, Kovacs G (1996)
Sarcomatoid chromophobe cell carcinoma of the kidney.
] Urol Pathol 4:155-166

Brown JA, Anderl KL, Borell TJ, Qian J, Bostwick DG, Jenkins
RB (1997) Simultaneous chromosome 7 and 17 gain and
sex chromosome loss provide evidence that renal meta-
nephric adenoma is related to papillary renal cell carci-
noma. ] Urol 158:370-374

Bugert P, Kenck C, Wilhelm M, Kovacs G (1996) Refining a
proximal breakpoint cluster at chromosome 3pll.2 in
non-papillary renal cell carcinomas. Int ] Cancer 68:723-
726

Bugert P, Gaul C, Weber K, Herbers ], Akhtar M, Ljungberg B,
Kovacs G (1997) Specific genetic changes of diagnostic
importance in chromophobe renal cell carcinomas. Lab
Invest 76:203-208

Cavazzana AO, Prayer-Galetti T, Tirabosco R, et al. (1996)
Bellini duct carcinoma. A clinical and in vitro study. Eur
Urol 30:340-344

Cohen AJK, Li FP, Berg S, Marchetto DJ, Tsai S, Jacobs SC,
Brown RS (1979) Hereditary renal-cell carcinoma associ-
ated with a chromosomal translocation. N Eng ] Med
301:592-595

Dal Cin P, Gaeta ], Huben R, Li FP, Prout GR JR, Sandberg AA
(1989) Renal cortical tumors: cytogenetic characterization.
Am ] Clin Pathol 92:408-414

Dal Cin P, Van Gool S, Brock P, et al. (1991) Renal cell carci-
noma in a child. Cancer Genet Cytogenet 53:137-138

Dal Cin P, Van Poppel H, Van Damme B, Baert L, Van Den
Berghe H (1996) Cytogenetic investigation of synchronous
bilateral renal tumors. Cancer Genet Cytogenet 89:57-60

Dal Cin P, Stas M, Sciot R, De Wever I, Van Damme B, Van den
Berghe H (1998) Translocation X;1 reveals metastasis after
31 years of renal cell carcinoma. Cancer Genet Cytogenet,
in press

de Jong B, Molenaar IM, Leeuw JA, Idebburg V]S, Oosterhuis
JW (1986) Cytogenetics of a renal cell carcinoma in a
2-year-old child. Cancer Genet Cytogenet 21:165-169

Dijkhuizen T, van den Berg E, van den Berg A, et al. (1997)
Genetics as a diagnostic tool in sarcomatoid renal-cell
cancer. Int ] Cancer 72:265-269

El-Naggar AK, Pathak S (1992) Cytogenetic and correspond-
ing flow cytometric DNA analysis of renal cell neoplasms.
Anticancer Res 12:1491-1500

El-Naggar AK, Troncoso P, Ordonez NG (1995) Primary renal
carcinoid tumor with molecular abnormality characteristic
of conventional renal cell neoplasms. Diagn Mol Pathol
1:41-53

Fiizesi L, Cober M, Mittermayer C (1992) Collecting duct
carcinoma: cytogenetic characterization. Histopathology
21:155-160

Gnarra JR, Tory K, Weng Y, et al. (1994) Mutations of the VHL
tumour suppressor gene in renal carcinoma. Nature Genet
7:85-90

Grammatico P, Cianciulli AM, Grammatico B, Di Rosa C, Del
Porto G (1993) The first cytogenetic study of a sarcomatoid
renal cell carcinoma. J Exp Clin Cancer Res 12:19-21

Gregori-Romero MA, Morell-Quadreny L, Llombart-Bosch A
(1996) Cytogenetic analysis of three primary Bellini duct
carcinomas. Genes Chromosom Cancer 15:170-172

Henn W, Zwergel T, Wullich B, Thonnes M, Zang KD (1993)
Bilateral multicentric papillary renal tumors with
heteroclonal origin based on tissue-specific karyotype in-
stability. Cancer 72:1315-1318 :



Genetics of Renal Cell Carcinoma

Kilble T, Kovacs G (1994) Molecular genetics in the diag-
nosis and prognosis of renal cancer. Klin Lab 40:
1209-1234

Kovacs G (1993) Molecular differential pathology of renal cell
tumours. Histopathology 22:1-8

Kovacs G, Brusa, De Riese W (1989) Tissue-specific expression
of a constitutional 3;6 translocation: development of mul-
tiple bilateral renal-cell carcinomas. Int J Cancer 43:
422-427

Kovacs G, Fuzesi L, Emanuel A, Kung HF (1991) Cytogenetics
of papillary renal cell tumors. Genes Chromosom Cancer
134:27-34

Latif F, Tory K, Gnarra J, et al. (1993) Identification of the von
Hippel-Lindau disease tumor suppressor gene. Science
260: 1317-1320

Luan X, Shi G, Zohouri M, Paradee W, Smith DI, Decker HJ, -

Cannizzaro LA (1997) The FHIT gene is alternatively
spliced in normal kidney and renal cell carcinoma.
Oncogene 15:79-86

Murphy WM, Beckwith JB, Farrow KGM (1994) Tumors of the
kidney, bladder, and related urinary structures. Armed
Forces Institute of Pathology, Washington, D.C.

Neuhaus C, Dijkhuizen T, van den Berg E, et al. (1997)
Involvement of the chromosomal region 11q13 in renal
oncocytoma: case report and literature review. Cancer
Genet Cytogenet 94:95-98

Oda H, Nakatsura Y, Ishikawa T (1995) Mutations of p53
gene and p53 protein expression are associated with
sarcomatoid transformation in renal cell carcinoma.
Cancer Res 55:658-662

Otha M, Inoue H, Cotticelli MG, et al. (1995) The FHIT gene,
spanning the chromosome 3pl4.2 fragile site and renal
carcinoma-associated t(3;8) breakpoint, is abnormal in
digestive tract cancers. Cell 84:587-597

Polascik TJ, Cairns P, Epstein JI, et al. (1996) Distal nephron
renal tumors: micro-satellite allelotype. Cancer Res
56:1892-1895

Schmidt L, Duh F-M, Chen F, et al. (1997) Germline and
somatic mutations in the tyrosine kinase domain of the
MET proto-oncogene in papillary renal carcinomas.
Nature Genet 16: 68-73

Schoenberg M, Cairns P, Brooks DB, Marshall FF, Epstein ]I,
Isaacs WB, Sidransky D (1995) Frequent loss of chromo-
some arms 8p and 13p in collecting duct carcinoma of
kidney. Genes Chromosom Cancer 12:76-80

Schullerus D, Herbers J, Chudek ], Kanamaru H, Kovacs G
(1997) Loss of heterozygosity at chromosomes 8p, 9p, and
14q is associated with stage and grade of non-papillary
renal cell carcinomas. J Pathol 183:151-155

Schwerdtle RF, Stérkel S, Neuhaus C, et al. (1996) Allelic losses
at chromosomes 1p, 2p, 6p, 10p, 13q, 17p, and 21q signifi-
cantly correlate with the chromophobe subtype of renal
cell carcinoma. Cancer Res 56:2927-2930

31

Shuin T, Kondo K, Sakai N, et al. (1996) A case of chro-
mophobe renal cell carcinoma associated with low
chromosome number and microsatellite instability.
Cancer Genet Cytogenet 86:69-71

Speicher MR, Schoell B, du Manoir S, et al. (1994) Specific loss
of chromosomes 1, 2, 6, 10, 13, 17, and 21 in chromophobe
renal cell carcinomas revealed by comparative genomic
hybridization. Am ] Pathol 145:356-364

Storkel S, van den Berg E (1995) Morphological classification
of cancer. World J Urol 13:153-158

Sutherland GR, Hecht F (1985) Fragile sites on human
chromosomes. Oxford University Press, New York

Thoenes W, Storkel S, Rumplet HJ (1986) Histopathology and
classification of renal cell tumors (adenomas, oncocy-
tomas, and carcinomas). The basic cytological and histo-
pathological elements and their use for diagnostics. Pathol
Res Pract 181:125-143

Tomlinson GE, Nisen PD, Timmons CF, Schneider NR (1991)
Cytogenetics of renal cell carcinoma in a 17-month-old
child: evidence for Xpll.2 as a recurring breakpoint.
Cancer Genet Cytogenet 57:11-17

van den Berg E, van der Hout AH, Oosterhuis JW, et al. (1993)
Cytogenetic analysis of epithelial renal-cell tumors: rela-
tionship with a new histopathological classification. Int J
Cancer 55:223-227

van den Berg E, Gauw ASH, Oosterhuis JWK, Storkel S,
Dijkhkuizen T, Mensink HJ A, de Jong B (1995a) Carcinoid
in a horseshoe kidney. Morphology, immunohistochemis-
try, and cytogenetics. Cancer Genet Cytogenet 84:95-98

van den Berg A, van der Veen AYK, Hulsbeen MMF, Kovacs G,
Gemmill RM, Drabkin HA, Buys CHCM (1995b) Defining
the position of the breakpoint of the constitutional t(3;6)
occurring in a family with renal cell carcinoma. Genes
Chromosom Cancer 12:224-228

van den Berg A, Hulsbeek MMF, de Jong D, Kok K, Veldhuis
PMJF, Roch ], Buys CHCM (1996) Major role for a 3p21
region and lack of involvement of the t(3;8) breakpoint
region in the development of renal cell carcinoma
suggested by loss of heterozygosity analysis. Genes
Chromosom Cancer 15:64-72

van den Berg A, Draaijers TG, Kok K, et al. (1997) Normal
FHIT transcripts in renal cell cancer- and lung cancer-
derived cell lines, including a cell line with a homozygous
deletion in the FRA3B region. Genes Chromosom Cancer
19:220-227

Wang N, Soldat L, Fan S, Figemshau S, Clayman R, Fraley E
(1983) The consistent involvement of chromosome 3 and 6
aberrations in renal cell carcinoma (abstract). Am ] Hum
Genet 35:73A

Weterman MA]J, Wilbrink M, Geurts van Kessel A (1996)
Fusion of the transcription factor TFE3 gene to a novel
gene, PRCC in t(X;1)(pl1;q21)positive papillary renal cell
carcinomas. Proc Natl Acad Sci USA 93:15294-15298



4 Imaging of Renal Parenchymal Tumors

R.H. OYeN and G.A. VERSWIJVEL

CONTENTS

4.1 Introduction 33
4.2 Imaging Techniques 33

4.2.1 Ultrasonography 33

4.2.2 Computed Tomography 33

4.2.3 Magnetic Resonance Imaging 34
4.2.4 Angiography 35

4.2.5 Needle Aspiration or Biopsy 35

43  Renal Masses 35

4.3.1 Cysts and Cyst-like Masses 36

4.3.2 Angiomyolipoma/Hamartoma 39
4.3.3 Primary Renal Epithelial Neoplasms 40
4.3.4 Renal Lymphoma 46

4.3.5 Renal Metastases 46

44  Staging 46

4.4.1

T-Staging 47
4.4.2 N-Staging 52
443 M-Staging 52

4.5  Follow-up After Therapy 53
References 53

41
Introduction

The detection of renal masses by ultrasonography
(US), computed tomography (CT), and magnetic
resonance imaging (MRI) relies on high-quality ex-
aminations. Therefore, optimization of the imaging
techniques is a continuous challenge for radiologists.
Once a renal mass is detected, the radiologist is faced
with two additional tasks: (1) to determine whether it
is a simple renal cyst/benign lesion or a malignant
tumor, or more simply, whether or not it is renal
cancer; and (2) in cases of suspected malignancy, to
ascertain the stage, or, ultimately, whether the case
is operable. Therefore, imaging strategies must be
directed towards appropriate differentiation and
staging of any renal mass lesion.

R.H. Oven, MD, PhD, Adjunct Clinic Head, Department
of Radiology, University Hospitals Gasthuisberg, Catholic
University of Leuven, Herestraat 49, B-3000 Leuven, Belgium
G.A. VERSWIJVEL, MD, Department of Radiology, University
Hospitals Gasthuisberg, Catholic University of Leuven,
Herestraat 49, B-3000 Leuven, Belgium

4.2

Imaging Techniques

4.2.1
Ultrasonography

Ultrasonography is now widely accepted for the de-
tection and noninvasive evaluation of renal masses.
Its major advantage is the ability to reliably differen-
tiate simple renal cysts and solid renal masses (which
in general require surgery). In selected cases, US
can be an excellent adjunct for the evaluation of
complex cyst-like lesions detected with CT or MRI
(in general such lesions require further investigation
or follow-up).

Gray-scale US remains the modality of choice for
routine assessment of the renal parenchyma and re-
nal mass lesions. Color-Doppler and duplex-Doppler
US may be helpful for further lesion characterization
in selected cases. TAKASE et al. (1994) showed that
US angiography has a possible role in the detection
of small nodules in patients with chronic renal fail-
ure. In TAKASE et al.’s study, US was useful for the
detection of nodules but did not allow differentiation
of malignant from benign lesions. US is less accurate
than CT or MRI in tumor staging. Failure to visualize
adequately the central retroperitoneal region, renal
vessels, and infrahepatic vena cava may occur in
more than 50% of patients, usually because of over-
lying intestinal gas (WEBB et al. 1987).

A few reports have been published on the advan-
tages of intraoperative US for visualizing renal
masses, major renal vessels, and the inferior vena
cava (LONG et al. 1993; HARRIS et al. 1994; POLASCIK
et al. 1995).

4.2.2
Computed Tomography

At the outset, it should be clearly stated that the
imaging diagnosis of a renal mass depends on high-
quality imaging studies (BosNIAK 1997). An experi-
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enced observer is an additional and essential prereq-
uisite to improve the diagnostic accuracy of CT. In-
deed, many lesions are “indeterminate,” not so much
because of the character of the lesion but because of
suboptimal imaging studies and because of lack of
confidence of the observer.

Detection of tumor vascularity remains the single
most important discriminator of solid lesions from
renal cysts (BosNIAK 1991). Therefore it is necessary
to perform scans prior to and after the intravenous
administration of iodinated contrast material
(ZEMAN et al. 1988). Thus, in general, the quality of a
CT scan to a great extent depends on the quality of the
equipment and the care given in study performance.
A high-quality CT scan includes the following:

1. Performance with modern equipment.

2. Performance before and after i.v. contrast; in
small lesions (or in small suspect areas of a large
lesion), thin sections must be obtained.

3. Rapid injection (mechanical if possible) of an
adequate amount of contrast medium (30-40g of
iodine in patients with normal renal function) so
that a high blood concentration of contrast is
present at the time of scanning.

4. Accuracy of the numbers when measurement of
Hounsfield units (HU) is important in diagnosis
(Bosniak 1991).

The same technical parameters employed to obtain
the precontrast scan should be used to acquire the
postcontrast scan, and it must be ensured that
artefacts are not affecting the measurements. Mul-
tiple measurements are needed in cases in which
the enhancement is minimal. With well-calibrated
equipment, increase of at least 20HU is considered
to be sufficient for the diagnosis of a solid mass.
Nowadays, the sensitivity of incremental CT has
been markedly improved by spiral (helical) CT. Spi-
ral CT eliminates respiratory misregistration and
allows examination of the entire kidney in virtually
the same phase after injection of iodinated contrast
material (SILVERMAN et al. 1994). Some studies
have illustrated the superiority of scanning in the
nephrographic phase compared with the earlier
corticomedullary phase (COHAN et al. 1995; SZOLAR
et al. 1997). Scanning in the nephrographic phase is
certainly more efficient in visualizing small lesions
originating in or near the renal medulla. Therefore,
spiral CT scanning is preferably initiated 35-40s
after injection and repeated after 70-80s. A total
amount of 120-150ml contrast containing 40-45g
iodine is administered at a rate of 1.5-3ml/s. A colli-
mation of 5mm and a pitch (ratio of table speed to
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collimation) of 1 is used. Furthermore, this tech-
nique permits the evaluation of the liver parenchyma
prior to the equilibrium phase.

Lesion detection is significantly improved with
CT compared to US and excretory urography
(WARSHAUER et al, 1988). With appropriate CT
technique a diagnostic accuracy exceeding 95% can
be achieved (LEVINE 1995).

4.2.3
Magnetic Resonance Imaging

Magnetic resonance imaging is gaining in status for
the diagnosis, characterization, and staging of renal
masses. MRI should include T1- and T2-weighted
images in the axial plane. Both coronal and sagittal
planes are helpful in selected cases. Fat-suppressed
T1-weighted spin-echo images before and after in-
travenous gadolinium (0.1 mmol/kg) enhancement
are also useful in evaluating renal masses. As with
CT, the diagnosis of a renal mass relies on the
demonstration of vascularity. Renal cell carcinoma
(RCC) is the most frequent solid renal mass; since
most RCCs have areas of hemorrhage or necrosis,
they can be easily demonstrated on heavily T2-
weighted images (HASTE) and without administra-
tion of gadolinium. In practice, though, tumors
smaller than 3cm in diameter are isointense to nor-
mal renal parenchyma on both T1- and T2-weighted
images and are therefore detected in only 63% of
unenhanced sequences (HRICAK et al. 1988). There-
fore, contrast administration for lesion detection
and characterization is required in most cases
(HRricAK et al. 1988; ROMINGER et al. 1992; NARUMI
et al. 1997). On gadolinium-enhanced gradient-echo
images there is a marked increase in contrast be-
tween tumor and normal renal parenchyma, and
RCCs usually show heterogeneous enhancement
less than that of normal renal parenchyma. Others
have likewise observed superior lesion detection
and characterization with gadolinium-enhanced
spin-echo sequences with fat saturation compared
with unenhanced MRI (EILENBERG et al. 1990;
SEMELKA et al. 1991, 1992, 1993). Especially in a pa-
tient with renal insufficiency or allergy to iodinated
contrast material, contrast-enhanced dynamic MRI
is a useful technique for the diagnosis of small RCC
(ROFSKY et al. 1991; YAMASHITA et al. 1995). A dis-
advantage of MRI is that tumor calcification is diffi-
cult to appreciate on almost all MR pulse sequences;
tumor calcification can occasionally be helpful in the
differential diagnosis of renal masses.
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New technical developments allow for the simul-
taneous evaluation of the renal arteries (MR
angiography; both arteries and veins are visible), the
renal parenchyma, and the collecting system (MR
urography) in a single examination after injection
of a small amount of contrast medium. This is very
promising, since MRI now seems to be applicable in
virtually all patients, irrespective of their age and
their ability to cooperate. MR angiography provides
useful additional information and is considered a
complementary technique to the spin-echo se-
quences for the evaluation of thrombotic conditions
and venous anomalies, and in the study of the rela-
tionship of the renal artery and renal neoplasms with
aortic aneurysms (CARRIERO et al. 1994). Finally,
CHOYKE et al. (1997) have shown that dual-phase MR
angiography of the kidney may be a useful technique
in depicting renal vessels before nephrectomy.

With current techniques, MRI is of equal value to
CT in the overall detection and differential diagnosis
of renal masses (SEMELKA et al. 1992; KREFT et al.
1997). MRI is particularly helpful for further differ-
ential diagnosis of lesions which are equivocal on CT
(especially in the differentiation between compli-
cated cysts and cystic or hypovascular RCC) and en-
hancement of tumor thrombus and adenopathy.

4.2.4
Angiography

Angiography has an extremely limited role in
the diagnosis of renal masses, even though it
may have a role in the management of RCC and
angiomyolipoma (MAURO et al. 1982). Angiography
can be used to evaluate the renal blood vessels if this
information is needed in the planning of a surgical
procedure. This information can also be abtained
with MR angiography (CHOYKE et al. 1997). Occa-
sionally, angiography is used for the therapeutic
embolization of renal neoplasms to decrease vascu-
larity, to stop bleeding, or to cure postoperative
complications (BARBARIC 1996). Likewise, emboli-
zation may be indicated in angiomyolipoma to con-
trol bleeding (DE WEVER et al. 1996).

4.2.5
Needle Aspiration or Biopsy

Needle aspiration puncture or biopsy has a limited
role in the evaluation of renal masses in the CT/MRI
era and has been abandoned as a routine procedure
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(Ima1DE and Sa1ToH 1995). The procedure has occa-
sional value in the evaluation of the cystic indetermi-
nate mass, but its success in these cases is limited
because clear fluid, even with negative cytology, does
not rule out neoplasm, and hemorrhagic fluid does
not necessarily indicate malignancy (HAYAKAWA et
al. 1996). Also, in complex multiloculated lesions,
multiple needle passes would be necessary. In the
occasional case in which a lesion is highly suspicious
for neoplasm in a patient who is a very poor surgical
risk, the technique could be performed to help
establish a diagnosis and determine the treatment
approach.

On the other hand, there are a number of occa-
sions on which needle aspiration or biopsy is defi-
nitely indicated. These include the following: (1)
differentiation of a chronic abscess from a cystic car-
cinoma; (2) differentiation of a simple cyst from an
infected cyst; (3) differentiation of a primary renal

_neoplasm from metastasis in a patient who has had

a previous primary tumor in another organ; and (4)
differentiation of a primary renal neoplasm from re-
nal lymphoma in a patient with lymphoma, particu-
larly when the lesion does not regress with treatment
whereas the rest of the lymphomatous disease does
(BARBARIC 1996). Even in these cases, it should be
known that at least 50% of renal masses will turn out
to be primary renal epithelial neoplasms rather than
metastases or lymphoma.

4.3
Renal Masses

There has been a great increase in the detection and
earlier diagnosis of renal tumors because of the
wider application of US and CT. While this has
tended to improve the cure rate of malignant renal
parenchymal tumors because of earlier and more
accurate diagnosis, these new techniques have also
increased the detection of all types of renal masses,
including those that require surgery. In practice,
any nonfatty renal mass that enhances with intrave-
nous contrast should be considered a RCC until
proved otherwise. On the other hand, not all renal
masses that enhance are malignant renal tumors.
The goal of imaging is essentially to separate the
carcinomas from all other renal masses that finally
do not require surgery. This means that simple
and complicated benign renal cysts, abscesses,
hematomas, infarcts, localized inflammatory
pseudotumors, angiomyolipomas, lymphoma, and
metastatic cancer should be identified and differenti-
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ated from other primary malignant renal neoplasms,
if possible. The combination of clinical history, CT
findings, MRI, and needle aspiration (in highly se-
lected cases only) enables the distinction between
these lesions in the majority of cases.

This overview almost exclusively deals with the
most frequent renal mass lesions in adults, including
simple renal cysts. RCC accounts for almost 90% of
primary malignant renal epithelial neoplasms in the
adult age group (median age at diagnosis about 57
years) and approximately 3% of adult malignancies.
The tumor occurs about twice as commonly in
men as in women. Most RCCs occur sporadically.
The tumor occurs in about 36% of patients with
von Hippel-Lindau disease, and the incidence is
greater among long-term dialysis patients (LEVINE
1995). Since so-called complicated cysts and
angiomyolipomas may cause problems in differen-
tial diagnosis, they will be taken into consideration
as well.

4.3.1
Cysts and Cyst-like Lesions

4.3.1.1
Simple Renal Cysts

The imaging criteria of simple renal cysts are well
established. The US diagnosis of a simple cyst is
based on four criteria: a well-marginated (rounded)
fluid collection, without a discernible wall, without
internal echoes, and with good sound through-
transmission producing acoustic enhancement. In
selected cases color-Doppler US is helpful to differ-
entiate solid lesions from cysts (DENYS et al. 1991).
On CT, a cyst has a rounded shape, with attenuation
numbers of water (0-20HU), and without enhance-
ment after intravenous contrast administration.
On Tl-weighted MR images, simple cysts are
hypointense with no internal architecture or debris,
while on predominantly T2-weighted images the
content exhibits high signal intenstities. The
cyst wall is thin and almost imperceptible with
both pulse sequences. There is no enhancement
of any portion of the cyst after administration of
gadolinium.

Solid protrusions inside the confines of a cystic
lesion exclude the radiological diagnosis of benig-
nity: such lesions must be considered as a carcinoma
and require surgery.
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4.3.1.2
“Complex” Cysts

When a “complicated” cystic lesion is encountered
in an imaging study, determination of its benignity
or malignancy is based on the evaluation of the
thickness and contour of the wall of the lesion;
the number, contour, and thickness of any septa; the
amount, character, and location of any calcifications;
the density of fluid in the lesion; and the margination
of the lesion and the presence of solid components
(BosN1aK 1986, 1997; DAVIDSON et al. 1997). Any
partially or entirely calcified lesion detected at US
must always be investigated with CT or MRI because
of the possibility that it is an RCC (WEYMAN et al.
1982; BosNIAK 1986, 1997; VANDEPUTTE et al. 1996).
Cystic RCCs may have large cystic components, but
also have some solid protrusions and irregular
shaggy margins, which allow a definitive diagnosis of
malignancy, especially when there is enhancement of
the protrusions after contrast medium administra-
tion (SIEGEL et al. 1997).

Minimally complicated cysts are benign lesions
that give rise to some radiological findings that cause
concern but can be appreciated as benign. This cat-
egory includes septated (thickness < 1 mm), mini-
mally calcified, and infected cysts and some
high-density cysts (Figs. 4.1, 4.2). Some of these
lesions require follow-up, i.e., those that, although
“most likely benign are somewhat suspicious.” In
these lesions, a nonoperative approach is appropri-

Fig. 4.1. US; benign septated cyst. Cystic lesion in the lower
pole of the kidney with thin internal septations. There is no
border, no internal reflections, and no internal protrusions:
this lesion was considered to be a benign cyst. The septations
were probably due to an old intracystic hemorrhage
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Fig. 4.2 a,b. CT; hyperdense cyst. Precontrast scan (a) show-
ing a hyperdense lesion at the posterior aspect of the upper
pole of the left kidney (52HU), not enhancing after intrave-
nous administration of contrast medium (b) (61HU)

ate, but follow-up is needed to prove that the lesion is
benign. Follow-up scans will be able to show that the
lesion is not growing or changing. These studies
could be performed after 3 months, then 6 months,
then 1 year. Examples of such lesions are some
hyperdense cysts, some lesions with more calcium in
the wall, or slightly more complicated lesions. Some
lesions have features seen in malignancies and can-
not be clearly distinguished from malignancies
by any imaging study. In most instances, these
lesions must be surgically explored and are basically
“indeterminate.” Some of them will be found to
be benign, such as hemorrhagic, complex septated,
and multiloculated cysts, multiloculated cystic
nephromas, and densely calcified cysts, whereas
others will prove to be malignant cystic tumors
(BosNIAK 1986; DAVIDSON et al. 1997). When just
one of these abnormalities is present, generally, the
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lesion can be considered as a benign, nontumor cyst.
The MR appearance of complicated cysts can overlap
that of cystic or necrotic RCCs and documentation
of contrast enhancement, as with CT, is crucial in
distinguishing these two entities (ROMINGER et al.
1992). Because complicated cysts can be hyperin-
tense on T1-weighted images, signal intensities be-
fore and after contrast material administration
should be compared and fat suppression techniques
should be used to exclude the possibility of fat-
containing lesions.

One of the more difficult problems in the diagno-
sis of cystic lesions remains the evaluation of the
hyperdense cyst at CT (CoLEMAN et al. 1984;
SUSSMAN et al. 1984; Bosn1ak 1986). These benign
lesions contain old, degenerated blood, clotted
blood, or coagulation of old blood, milk of calcium, a
high-protein content, or rarely contrast medium,
and therefore the attenuation of their contents is
increased (Fig. 4.2). These high-density cysts are dif-
ficult to evaluate radiologically because the criteria
that one usually applies to diagnose a cyst are not
available for study. That is, the thickness of the wall
and the internal structure of the lesion cannot be
evaluated. US may not be helpful, as only approxi-
mately 50% of these hyperdense lesions show char-
acteristics of a typical cyst. The principal criterion to
evaluate these lesions is whether the lesion enhances
with contrast. Therefore, extremely high-quality
scans are required (BosNIAK 1986, 1997). Thin sec-
tions before and after contrast are needed. Multiple
measurements should be obtained in all lesions, at
comparable portions (Fig. 4.3). If this type of de-
tailed examination is available and the following cri-
teria are fulfilled, a diagnosis of benign hyperdense
cyst can be made, and surgical approach can be
avoided: (1) the lesion is < 3.0cm; (2) the lesion
extends outside the kidney (at least approximately
one-quarter of its circumference) so that the
smoothness of a portion of the wall can be evaluated;
(3) the lesion is round and sharply marginated and is
examined with narrow window settings to be certain
it is homogeneous in attenuation; and (4) most im-
portant of all, the lesion does not enhance with con-
trast medium (BosNIAK 1986). Lesions that fulfil the
above criteria but are more than 3 cm in size or are
totally intrarenal may be benign hyperdense cysts as
well, but the diagnosis cannot be made with total
confidence, and the patient will have to be managed
by surgical exploration or follow-up, depending on
other clinical aspects. Follow-up studies could also
be performed for lesions that appear solid on US,
especially if there is any question as to whether
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Fig. 4.3 a-d. CT; chromophobe carcinoma. CT before (a,b)
and after (c,d) intravenous injection of contrast medium. a,b
Peripherally calcified isodense nodule at the lateral aspect of
the left lower pole (attenuation number 25.1 HU). The attenu-

enhancement has occurred. Lesions that enhance
with contrast must be considered RCCs and should
be treated generally by removal, possibly by partial
nephrectomy (Figs. 4.3, 4.4). While the surgeon has
the ultimate responsibility for selecting the type of
operation that will be performed, the appearance of
the lesion can provide a clue as to whether it is more
likely to be benign or malignant. This is considered
to be a major task for the radiologist. Along with
other clinical aspects, the size of the lesion and its
position in the kidney will help to determine the
surgical approach.

4.3.1.3
Benign Cystic Nephroma

The multilocular cystic nephroma (adult Wilms’
tumor) is a benign lesion consisting of multiple
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ation number increased to 61.8HU (c,d). This indicates a
solid, hypovascular mass, consistent with a carcinoma, proven
at partial nephrectomy

Fig. 4.4. CT; cystic renal cell carcinoma. Cyst-like lesion with
thick wall and internal protrusions, enhancing after intrave-
nous injection of contrast medium. These protrusions basi-
cally exclude the diagnosis of a benign cyst. This was surgically
proved cystic RCC
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noncommunicating cystic anechoic areas separated
by rather thick echogenic septations, sometimes with
focal thickening (CASTILLO et al. 1991; YAMASHITA
et al. 1994). Sometimes the cysts are very tiny and
numerous in parts of the lesion, which then appear
as hyperechoic, solid-like portions. Color-Doppler is
helpful neither for further histological diagnosis nor
for discrimination from cystic RCC.

On CT, multilocular cystic nephroma consits
of multiple noncommunicating low-density cysts of
varying size and contrast-enhancing septations of
varying thickness. Many of these tumors typically
protrude into the collecting system, which may jeop-
ardize partial nephrectomy.

The MR features are multiple hyperintense
spaces on T2-weighted images separated by thick
septations.

Whatever imaging modality is used, it remains
impossible to distinguish this lesion from septated
(“multicystic”) RCC based on imaging criteria, be-
cause RCC may have the same features. -

4.3.2
Angiomyolipoma/Hamartoma

4.3.2.1
The Typical Case

The benign tumor known as angiomyolipoma
(AML) or hamartoma occurs in the kidney in a num-
ber of clinical settings: (1) in association with tuber-
ous sclerosis, in which case the lesions usually are
multiple and bilateral; (2) in association with
lymphangiomyomatosis; (3) not in association with
other diseases, rather being discovered because of
clinical symptomatology resulting from bleeding
(usually a single lesion, most often in women aged
35-60 years); and (4) in asymptomatic patients, in
whom the tumor is found incidentally by US or CT.
The tumor might be small (less than 1cm) or as
large as 10-15cm, but most are 3-5cm in size. The
term AML describes their tissue make-up, but they
may contain only two tissue elements such as
angiolipoma, angiomyoma, or myolipoma (JINZAKI
et al. 1997). AMLs grow with time; multiple AMLs
show more growth than solitary AMLs (LEMAITRE et
al. 1995). This observation necessitates clinical and
radiological follow-up in all cases of AML at regular
intervals since the chance of hemorrhage increases
with size.

An AML presents as a highly echogenic nodular
mass at US, comparable to the echogenicity of fat
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Fig. 4.5. US; angiomyolipoma. Hyperechoic lesion in the
lower pole of the kidney. There is no halo and there are no
intratumoral cystic areas. The lesion characteristics are typical
for an angiomyolipoma

(Fig. 4.5). Sometimes, the mass is lobulated and
smaller satellite nodules can be seen adjacent to the
largest lesion. The size of the lesion may be underes-
timated when the AML extends into the perirenal fat
or into the renal hilum. AMLs can be diagnosed at
CT based on the presence of fat (DAVIDSON et al.
1997) (Fig. 4.6). Thin-section CT is required, as
the detection of fat is difficult if lesions are small, or
if there is only a limited amount of fat. AMLs
have high signal intensities on both T1- and T2-
weighted MR images (Fig. 4.7). Complicated cysts
can be hyperintense on T1-weighted images. There-
fore, signal intensities before and after contrast ma-
terial administration should be compared and fat
suppression techniques employed to exclude the
possibility of fat-containing lesions. The key to diag-
nosis is precise demonstration that the lesion con-
tains fat. This can be done by showing either
persistence of high signal intensity on images ob-
tained with water suppression or loss of signal inten-
sity on images obtained with fat suppression.

4.3.2.2
Problems in Differential Diagnosis

4.3.2.2.1

HYPERECHOIC RENAL CELL CARCINOMA

The problem with a hyperechoic mass in practice is
that approximately one-third of RCCs smaller than
3cm in diameter are hyperechoic too (FORMAN et al.
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Fig. 4.6 a,b. CT; angiomyolipoma. Slightly hyperattenuating
mass at the anterior aspect of the right kidney with low-
density areas (102 HU) consistent with fat on the precontrast
scan (a). On the contrast-enhanced images (excretory phase,
b) the lesion enhances heterogeneously; the fatty areas are
clearly visible

Fig. 4.7. MRI; angiomyolipoma. Hyperintense lesion in the
upper pole of the right kidney on this T1-weighted image,
consistent with an angiomyolipoma
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1993). Small cystic areas inside the lesion and
a hypoechoic halo surrounding the lesion are
more likely to be present in (hyperechoic) RCCs
(YamasHITA et al. 1993) (Fig. 4.5). However, in the
individual patient such criteria may not be useful for
reliable discrimination between AML and RCC. Be-
cause CT can establish the presence of fat with great
accuracy, the diagnosis of this tumor can be made in
virtually every case except on the rare occasions
when there is no mature fat in the tumor, such as in
those hamartomas that are in fact angiomyomas
(BosnN1AK et al. 1988). MRI may prove to be useful in
further lesion discrimination.

4.3.2.2.2

ANGIOMYOLIPOMA “WITHOUT” FAT

MRI may be helpful in these cases: angiomyomas
tend to be hypointense on both T1- and T2-weighted
images (RUECKFORTH et al. 1995; JiNzakI et al.
1997).

4.3.2.2.3

RENAL CELL CARCINOMA CONTAINING FAT
Fat-containing RCC has been reported (HELENON et
al. 1993a, 1997; OUTWATER et al. 1997). Malignant
fat-containing RCC, however, tends to be heteroge-
neous with coarse calcifications that are unlikely to
be present in AML.

4.3.2.2.4

ANGIOMYOLIPOMA WITH AGGRESSIVE BEHAVIOR
Sometimes AMLs has an “aggressive” appearance
with thrombosis of the renal vein and/or the inferior
vena cava, and extension into the perirenal space
and eventually adjacent organs (BAERT et al. 1995;
CITTADINI et al. 1996).

4.3.3
Primary Renal Epithelial Neoplasms

The differentiation between benign and malignant
lesions is a challenge for many radiologists. RCCs are
the most frequent solid renal parenchymal tumor
(90%). It is felt by nonradiologists and (inexperi-
enced) radiologists that there are no useful radio-
logical characteristics that permit a histological
diagnosis. This is not entirely true: experienced
uroradiologists will be able to characterize many
solid renal masses on the basis of objective CT and/
or MRI criteria.

Renal epithelial neoplasms include RCC (clear
cell/granular cell type), oncocytoma, chromophobic
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carcinoma, papillary carcinoma, collecting duct car-
cinoma, and neuroendocrine tumors (WEIss et al.
1995; Kovacs et al. 1992).

4.3.3.1
Renal Cell Carcinoma: “Classic Type”

The classic RCC (clear cell or granular cell) is the
most common malignant renal epithelial tumor
(80%). Well-differentiated lesions have a homoge-
neous echo texture and are isoechoic, slightly
hypoechoic, or even hyperechoic compared with the
normal renal parenchyma (FormMAN et al. 1993) (Fig.
4.8). As nuclear grade increases, RCCs are more
likely to be of higher stage and greater size at presen-
tation, and appear more heterogeneous (hemor-
rhage, necrosis, or fibrosis) and less marginated
(BIRNBAUM et al. 1994). Necrosis or hemorrhage is
usually located eccentrically (in contrast to scarring
in oncocytoma, which is located near the center of
the mass in the majority of cases). Necrosis and
hemorrhage explain the heterogeneity on imaging
studies. According to the study of YAmAsHITA et al.
(1992), histologically homogeneous tumors of
solid architecture are hypoechoic on US and
hypervascular on contrast-enhanced CT (Figs. 4.9,
4.10). Tumors of papillary, tubular, and multilocular
cystic architecture are hyperechoic on US and
hypovascular on contrast-enhanced CT. In selected
cases color-Doppler US is helpful to differentiate

Fig. 4.8. US; RCC. Heterogeneous rounded soft tissue mass at
the upper pole of the right kidney in a 22-year-old male who
was referred to the hospital with flank pain and fever. Histo-
logically proved RCC
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Fig. 4.9 a-c. MRI; RCC. Nearly isointense mass at the poste-
rior aspect of the right kidney on the T1-weighted image (a).
The tumor is heteregeneous on T2-weighted images, with ex-
tensive areas of necrosis exhibiting high signal intensities (b).
After intravenous injection of gadolinium, the peripheral
viable tissue clearly enhances; a large eccentric area of necro-
sis is present (c)
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Fig. 4.10 a-f. CT and MRIL; RCC. Heterogeneous nodular le-
sion at the anterior aspect of the right kidney on precontrast
CT scan (a). After contrast administration, two nodular well-
vascularized lesions are in fact recognizable, anteriorly sepa-
rated by a fluid-filled lesion (b). The masses are isointense on
T1-weighted MR images (c). On the HASTE sequence the larg-

solid lesions from cysts (DENYS et al. 1991). The MR
appearance of RCC is variable, depending on the
histological differentiation of the tumor and the
presence of necrosis and cystic change (Fig. 4.9).
Most RCCs show eccentric areas of necrosis or
hemorrhage, appearing as hypodense areas within a
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est lesion exhibits heterogeneous signal intensities with
hyperintense areas due to necrosis (d). After intravenous ad-
ministration of gadolinium, the heterogeneous lesions again
are easily seen (e). On the coronal images (f), the position of
the lesions relative to the renal hilum and to the collecting
system is more easily assessed

hyperattenuating mass after intravenous injection
of contrast medium (Figs. 4.9, 4.10). Some RCCs are
hypovascular. In such cases, differential diagnosis
with other lesions is needed, such as chromophobic
carcinoma, papillary carcinoma, lymphoma, and
metastasis. As already mentioned above, RCCs
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rarely contain areas of fat (HELENON et al. 1993a,
1997; STROTZER et al. 1993). The presence of fat
is considered characteristic for angiomyolipoma.
Malignancy should be suspected based on the follow-
ing criteria: (1) presence of intratumoral calcifica-
tions; (2) large, irregular tumor invading the
perirenal or sinus fat; (3) large necrotic tumor with
small foci of fat; and (4) association with nonfatty
lymph nodes or venous invasion (HELENON et al.
1997). On opposed-phase images, some clear cell
carcinomas show relative focal or diffuse of signal
intensity. In renal masses, this signal intensity loss,
which is consistent with lipid, does not necessarily
indicate AML (OUTWATER et al. 1997).

Cystic RCCs can be classified into four distinct
histopathological growth patterns: (1) multilocular,
(2) unilocular, (3) cystic necrosis, and (4) tumors
originating in the wall of a simple cyst (YAMASHITA
et al. 1994). The appearance on CT varies from
cystic with mural nodules to a multiloculated mass
with irregular architecture. Neovascularity is ex-
pected in the periphery of the lesion (YAmMASHITA
et al. 1994) (Fig. 4.4). Rarely cystic RCC has CT
findings simulating a benign hyperdense cyst
(HARTMAN et al. 1992).

According to Jamis-Dow et al. (1996), a substan-
tial proportion of lesions under 1 cm are not detected
with US or CT in patients with von Hippel-Lindau
disease. Neither CT nor US proved to be superior
in the characterization of lesions of 3cm or less.
Therefore, CT and particularly US screening
studies in patients with von Hippel-Lindau disease
should be interpreted cautiously because missed
or mischaracterized small renal lesions are a fre-
quent problem in these patients. There is nothing
specific about the US features. The tumors can
be small (<3 cm diameter) and are either completely
isoechoic, slightly hypoechoic, or hyperechoic
(PREss et al. 1984).

Occasionally anatomical variants (junctional
parenchyma, postoperative), inflammatory masses,
or unexpected masses have a pseudotumoral appear-
ance (GRIETEN et al. 1992) (Fig. 4.11).

4.3.3.2
Renal Oncocytoma

Renal oncocytoma is a benign renal parenchymal
neoplasm which in fact is indistinguishable
from RCC. Oncocytoma may be bilateral (SANCHEZ-
CHAPADO et al. 1995). Only 10%-20% of oncocy-
tomas are correctly diagnosed before surgery
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Fig. 4.11. US; acute pyelonephritis. Wig-shaped to rounded
hypoechoic lesion in the right kidney in a patient with acute
pyelonephritis. At times it can be difficult to distinguish the
lesion from lymphoma or RCC

(Tikkakoskl et al. 1991). Most reported
oncocytomas have behaved in a benign manner, but
local or distant metastases may occur (LIEBER et al.
1987; AMIN et al. 1997). However, it is now felt that
most, if not all, malignant oncocytomas described
in the literature are in fact nonpapillary, papillary,
or chromophobe RCCs with eosinophilic granular
cytoplasm which would have been expected to have
displayed a deletion of 3p or trisomy 17 or mitochon-
drial alterations had genetic analysis been under-
taken (Kovacs et al. 1992).

Renal oncocytoma may appear isoechoic,
hyperechoic, or hypoechoic on US (TIKKAKOSKI et
al. 1991). Some oncocytomas have a “characteristic”
appearance with sharp margination and homogene-
ity on CT, often with a central scar, but this appear-
ance can be mimicked by some cases of RCC, so that
imaging diagnosis is not sufficiently specific for
treatment to be based on these findings. It is not fully
clear why this central scar occurs so frequently in
oncocytoma. One manifestation of ischemia is the
pattern of growth of oncocytomas in which cells ac-
cumulate in more or less rounded, solid cell nests
that become smaller, fewer, and farther apart toward
the center of the tumor. Eventually these ischemic
tumor cells are replaced by fibroblasts that give rise
to the classic gross pathological and radiological
finding of a central scar (DAVIs et al. 1992). The same
evolutionary changes of ischemia and fibrosis also
occur in regions other than the center of an
oncocytoma. This is the most likely explanation for
the observations of heterogeneity in the enhance-
ment pattern of oncocytomas.

DaviDsON et al. (1993) studied the hypothesis
that oncocytoma and RCC of the kidney can be dif-
ferentiated with CT criteria and that differences will
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become more apparent as tumors enlarge. On
contrast-enhanced scans, homogeneous attenuation
throughout the tumor and a central, sharply margin-
ated stellate area of low attenuation were considered
predictors of oncocytoma. Any area of decreased
attenuation in the tumor except for a stellate, cen-
tral area was used as a predictor of RCC. Among
oncocytomas larger than 3cm in diameter, 67% ex-
hibited criteria for oncocytoma and 33% met the
criterion for RCC; among smaller oncocytomas, the
respective results were 82% and 18%. Among RCCs
larger than 3 cm in diameter, 84% fulfilled the crite-
rion for malignancy and 16% were incorrectly pre-
dicted to be oncocytomas; among smaller RCCs, the
respective results were 58% and 42%. The authors
conclude that the CT criteria used are poor predic-
tors of the diagnosis of oncocytoma or RCC regard-
less of tumor size. A low-intensity homogeneous
mass on T1-weighted images which appears with in-
creased intensity on T2-weighted images, the pres-
ence of a capsule, a central scar or stellate pattern,
and the absence or either hemorrhage or necrosis
suggest oncocytoma (SASAKI et al. 1995; HARMON
et al. 1996).

A pseudocapsule seems to be present in RCC
and oncocytoma only; in the study of YamasHITA
et al. (1992, 1996), in 66%-69% of RCCs of 4cm in
diameter or smaller a pseudocapsule was seen. T2-
weighted MRI was the most sensitive technique for
exhibiting this feature. In general, encapsulated
RCCs are likely to have a more favorable pathologi-
cal stage (SOYER et al. 1997).

Only very rarely may calcifications be seen in an
oncocytoma (HADDAD and MUFARRIJ 1992). Very
rarely, oncocytomas contain fat, thus mimicking
AML (CURRY et al. 1990).

4.3.3.3
Renal Chromophobe Cell Carcinoma

Chromophobe carcinomas have only been described
since 1985 and are usually detected at lower stages.
Their prognosis seems to be more favorable than
that of the classic RCC (AKHTAR et al. 1995; CROTTY
et al. 1995).

There is nothing specific about the US appearance
of this histological subtype. They tend to be at low
stages at the time of detection and are either nearly
isoechoic or slightly hyperechoic compared with the
renal parenchyma. They are hypovascular on color-
Doppler US. Chromophobe carcinomas tend to be
homogeneously hypovascular on contrast-enhanced
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CT/MRL They are predominately hypointense on
T2-weighted MR images (Fig. 4.3).

4.3.3.4
Renal Papillary Carcinoma

There are two variants of papillary carcinomas: one
where a single bulky tumor develops, sometimes
largely cystic, and with distant metastases; the other
where multifocal tumors occur (often <3cm in di-
ameter) in one kidney or in both; many of them are
of microscopic size only and therefore not detectable
by any radiological method (DELAHUNT and EBLE
1997; RoBERTS et al. 1997). Papillary tumors with
high nuclear grade are more likely to behave in an
aggressive fashion (LAGER et al. 1995).

There is nothing specific about the US features.
The tumors can be small (<3cm diameter) and are
either completely isoechoic, slightly hypoechoic, or
hyperechoic (PRrEss et al. 1984). Therefore, and since
papillary carcinomas tend to be multiple, many
lesions are missed at US. When papillary carcinoma
is suspected, careful examination of the entire
kidney, preferably by contrast-enhanced spiral CT,
is necessary (PrEss et al. 1984). These tumors
are hypovascular and differential diagnosis from
renal lymphoma or renal metastases can only be
achieved with needle biopsy. Similar results can
be expected from MRI examinations. Rarely, papil-
lary carcinomas are large, partially or almost com-
pletely cystic tumors, with a solid appearance on US,
or with internal wall proliferations and heteroge-
neous on CT and MRI (RoBERTs et al. 1997)
(Fig. 4.12).

4.3.3.5
Collecting Duct (Bellini Duct) Carcinoma

Renal collecting duct carcinoma (Bellini duct carci-
noma) arises from collecting duct epithelium. These
tumors contain the higher molecular weight keratin
characteristic of the collecting ducts rather than the
low molecular weight keratins of renal tubular epi-
thelium (FLEMING and Lewr 1986; FLEMING 1993;
Fizest et al. 1992). They represent approximately
1% of renal neoplasms. Hematuria is the most com-
mon symptom. The mean age of patients at presenta-
tion has been about 55 years, although several cases
have occurred in the 2nd and 3rd decades of life.
Their clinical behavior is not well defined, but they
appear to be aggressive, often with metastatic disease



Imaging of Renal Parenchymal Tumors

Fig. 4.12 a~f. US, CT, and MRJ; papillary carcinoma. Slightly
hyperechoic rounded mass lesion at the lower pole of the right
kidney with egg-shell peripheral calcifications (a). On CT, the
mass was isodense to the renal parenchyma (42HU, b) and
there was no enhancement after intravenous contrast admin-
istration (52HU, ¢). On T1-weighted MR images (d,e), the
lesions exhibited heterogeneous signal characteristics, with
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nodular irregularities at the inplantation border. On T2-
weighted images, the lesion was heterogeneously hypointense
(f); there was no enhancement after gadolinium. This was
proven to be an RCC at surgery. Note: slight dilation of the left
ureter due to a stone. The tumor in the right kidney was an
incidental finding at the time of the diagnosis of the ureteral
calculus
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at manifestation and rapid progression despite sur-
gery (MACLENNAN et al. 1997).

The tumor is usually localized to the renal me-
dulla, with distortion of the pelvicaliceal system and
often with irregular extensions into the adjacent re-
nal cortex. The tumors are generally firm and white
or gray, which is probably due to an accompanying
desmoplasmatic reaction. Some are cystic with endo-
phytic papillary projections. Unlike RCCs, they are
not yellow and do not usually show necrosis or hem-
orrhage (GoHi1 et al. 1994).

In many cases, the affected kidney preserves its
normal outer margins and the mass protrudes into
the sinus. The contrast enhancement at CT is less
than that of the renal parenchyma (Davipson et al.
1995; Fukuya et al. 1996). Collecting duct carcinoma
may be multifocal (KutTa et al. 1993).

4.3.4
Renal Lymphoma

Rarely a lymphomatous mass can cause a problem in
differentiation from primary parenchymal tumor,
because almost all cases of renal lymphoma occur
in patients with systemic lymphoma and because
renal lymphoma has a CT pattern of involvement
quite different from RCC. Most often, renal
lymphoma presents with multiple lymph nodes and
organomegaly, but if a solitary renal mass is detected
in a patient with lymphoma, in the overwhelming
majority of cases it will represent renal lymphoma.
Lymphomatous tissue is usually homogeneous and
often shows an invasive character. The tissue en-
hances 10-25HU after contrast administration, and
usually is isoechoic to hypoechoic on US. Analysis of
the margins, architecture, and effects of the collect-
ing system and renal sinus by the mass are helpful in
the diagnosis of lymphoma and other diseases that
characteristically infiltrate the kidney (HARTMAN et
al. 1988). If the lesion responds to therapy as the rest
of the patient’s lymphomatous disease does, no fur-
ther evaluation is necessary. If the renal lesion per-
sists or grows, then needle biopsy is indicated.
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Renal Metastases

Metastases to the kidneys from primaries in other
sites are not uncommon; although not often symp-
tomatic, they have been seen with greater frequency
because of the widespread use of CT for tumor stag-
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ing. By far the most common tumor that metas-
tasises to the kidney is carcinoma of the lung. Most
metastases to the kidneys are multiple and bilateral
and are associated with metastases to other organs.
Therefore, in the proper clinical setting, the diagno-
sis is obvious. Occasionally, a single large metastatic
focus occurs, and differentiation from a primary re-
nal neoplasm is not clear. In such cases, if there is a
history of a primary neoplasm, renal biopsy should
be performed to determine the histologic nature and
etiology of the tumor so that correct therapy can be
instituted. More than 50% of solitary renal masses
detected in patients with a history of malignancy and
with no other metastases will turn out to be primary
malignancies of the kidney.

4.4
Staging

Renal cell carcinoma spreads by direct growth with
eventual breaching of the renal capsule and spread
into the perirenal area. Later, adjacent organs and
the abdominal wall may be invaded. Involvement of
the renal vein may be expected in approximately
one-quarter of patients with RCC (Parks and
KELLETT 1994). Metastases may occur in the lymph
node around the renal vessels and the aorta. Spread
to the mediastinal nodes is seen in 8%-10% of pa-
tients and this is usually associated with pulmonary
metastases.

Tumor stage at diagnosis has an important bear-
ing on the ultimate prognosis. While incidental de-
tection of RCC has become more frequent in recent
years, it appears to have impacted minimally on the
discovery of earlier stage tumors than those with
presenting clinical symptoms (SMITH et al. 1989). In
contrast to prior reports, MEVORACH et al. (1992)
showed that the natural history of RCC is not signifi-
cantly altered by the incidental detection of tumor.

It must be emphasized that pathological stage re-
mains the most important prognostic factor. There-
fore, imaging essentially provides information
regarding the operability of renal masses.

Renal cell carcinomas customarily have been re-
moved with radical nephrectomy regardless of size
to establish a conclusive pathological diagnosis.
Management strategies for solid renal masses other
than traditional radical nephrectomy are often re-
quired in patients with compromised renal function,
in those with multiple and/or bilateral tumors or a
solitary kidney, and in patients with adverse surgical
risk factors. In addition, the application of kidney-
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sparing surgery by means of segmental resection
of a tumor would be enhanced if a confident
preoperative prediction of a benign tumor could be
made, an approach made more urgent by the in-
creasing number of renal tumors now being discov-
ered in asymptomatic patients (ZINCKE et al. 1985;
SMITH et al. 1989).

4.4.1
T-Staging

Computed tomography is an important tool for stag-
ing. Most experienced radiologists are convinced
that similar or even better results can be expected
from MRI.

4.4.1.1
Single or Multifocal Neoplasms

In view of the above evolution towards nephron-
sparing surgery, detection or exclusion of multi-
focality is very important. Indeed, it is becoming
clear that complete local excision of a small
serendipitously discovered renal tumor is feasible
and reasonable in the patient with an otherwise nor-
mal opposite kidney (VAN PoppEL and BAERT 1992;
HERR 1994). Involvement of the contralateral kidney
is seen in 11% of patients at autopsy. Multifocality
is more likely in papillary carcinoma. Whenever a
small (<£3cm diameter) hypovascular neoplasm is
detected, the possibility of a multifocal papillary car-
cinoma, and thus multifocality, should be taken into
account. Other histological subtypes (clear cell carci-
noma, oncocytoma, Bellini duct carcinoma) may be
multifocal as well (Figs. 4.13, 4.14).

The great advantage of spiral CT is that the entire
renal parenchyma can be examined in the same
corticomedullary and/or nephrographic phase (Fig.
4.13). This enables the detection of multifocal
neoplams in virtually all cases, at least if the lesions
are larger than 1 cm in diameter. Contrast-enhanced
MRI provides similar accuracy for tumor detection.

4.4.1.2
Tumor Delineation

Tumor extension beyond the capsule causes blurring
of the tumor margins, thickening of the renal cap-
sule, or obliteration of the perirenal fat. Perinephric
soft tissue stranding, however, is an unreliable indi-
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cator of tumor extension because it may also result
from a resolving perinephric hematoma, fat necro-
sis, dilated collateral blood vessels, or edema of
connective tissue septa (Fig. 4.15). The inability
to determine accurately the presence or absence of
small amounts of extracapsular, perinephric tumor
extension accounts for over half of CT staging errors
(JounsoN et al. 1987). At times, invasion of adjacent
organs (e.g., liver, spleen, pancreas, colon) is difficult
to assess on axial images. Loss of fat planes between
the tumor and adjacent structures such as the liver or
psoas muscle is not necessarily a sign of tumor inva-
sion (JOHNSON et al. 1987). Multiplanar reformatted
CT images (coronal, sagittal, parasagittal) can be
helpful to define tumor margins more accurately
(Figs. 4.16, 4.17). US is often helpful in determining
whether the tumor is merely adjacent to or has in-
vaded a structure such as the liver or psoas muscle
(LEVINE 1995). Perhaps MRI has some advantages
over CT concerning the evaluation of involvement of
neighboring organs because of direct multiplanar
imaging and good tissue differentiation.

Intraoperative US is a useful adjunct for the dy-
namic evaluation of renal tumors in the surrounding
environment of cysts, the collecting system, and the
renal vasculature (PorLascik et al. 1995). It is
particularly beneficial in defining preoperative inde-
terminate lesions and in evaluating extrarenal struc-
tures for tumor involvement, such as the renal vein,
inferior vena cava, adrenal gland, and liver. At some
centers, intraoperative US turns out to be most
useful during partial nephrectomy because it may
improve tumor-free surgical margins.

4.4.1.3
Venous Involvement

There is probably no preoperative staging decision
more important than that concerning venous propa-
gation and its cephalad extension, followed by re-
gional lymph node metastases (BARBARIC 1996).

Involvement of the renal vein with tumor throm-
bus occurs in 21%-35% of patients, while vena caval
involvement is seen in 5%-10% of patients, and is
more common in patients with a right-sided tumor
(GONCHARENKO et al. 1979). In 20% of patients with
caval involvement extension of the thrombus is seen
into the right side of the heart and the pulmonary
artery (MADAYAG et al. 1979; PArks and KELLETT
1994).

Since the introduction of spiral CT, image acquisi-
tion can be obtained within one breath hold. This



Fig. 4.13 a-g. US, CT, and MRI; bilateral RCC. On US, both
lesions are slightly hyperechoic compared with the renal
parenchyma (right kidney, a; left kidney, b). The central
hypoechoic area in the left lesion is due to necrosis. Note that
vascularity is only exhibited at the implantatoin base of the
small lesion in a. Based on color-Doppler such a lesion could
be erroneously misinterpreted as a complicated cyst. The
contrast-enhanced CT scan shows both lesions, heteroge-
neously enhancing at the periphery and with areas of necrosis
or hemorrhage (c,d). T2-weighted MR images (axial, e,f;
coronal, g) likewise show the necrotic carcinomas in both
kidneys. The lesion in the right kidney is predominately
hyperintense with subtle low-intensity areas representing
viable tumor tissue
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Fig. 4.14 a-c. CT; RCC. Horse-shoe kidney with multifocal
RCCs, clear cell type. There are multiple hypovascular tumors
in the right kidney and a cluster of tumors is present in the
isthmus. Heminephrectomy was performed

increases the ability to identify a venous tumor
thrombus and also allows computer-generated re-
construction in a different plane or use of a three-
dimensional reconstruction technique, such as
maximum intensity projection (MIP). The accuracy
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Fig. 4.15. CT; RCC. Malignant tumor extending from the
lower pole of the left kidney indiscernible from the anterior
abdominal wall, from the intestines, and from the psoas
muscle. However, it is difficult to discriminate between inva-
sion of these structures and compression

Fig. 4.16. CT; RCC. Malignant tumor at the upper pole of the
right kidney, indiscernible from the liver and the diaphragm.
At surgery, there was invasion of the liver, but not of the
diaphragm. Partial hepatectomy had to be performed

of the CT diagnosis of tumoral involvement of the
main renal vein and the inferior vena cava reaches
78%-93%. Axial imaging is usually sufficient for the
diagnosis and evaluation of the extension of venous
involvement. Reformatted imaging to visualize the
course of the veins in the coronal or sagittal spatial
plane can be attractive for surgeons who are used to
angiograms (Fig. 4.18).

The study of SEMELKA et al. (1993) suggested that
MRI is moderately better than CT for the detection
and staging of renal cancer, especially for detecton
of tumor thrombi. This was confirmed by other stud-
ies (HELENON et al. 1993b; RouBIDOUX et al. 1992;
KALLMAN et al. 1992). MRI allows for differentiation
between a native thrombus and a tumor thrombus
based on signal characteristics and demonstration
of patchy flow within the thrombus (NGUYEN et al.
1996). Tumor thrombus in the renal vein and infe-
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Fig. 417 a,b. CT; RCC. Bulky mass originating in the right
kidney and displacing the liver. It is not clear whether there
is invasion of the liver on axial images (a). Reformatted
imaging (sagittal plane, b) is not always helpful in further
discrimination between compression and invasion. At
surgery, the tumor could be easily dissected from the liver
capsule

Fig. 4.18. CT; chromophobe carcinoma. Parasagittal refor-
matted image showing the hypovascular tumor in the upper
pole of the right kidney in relation to the renal veins and
inferior vena cava
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rior vena cava may be suspected on T1-weighted SE
pulse sequences if the signal void of flowing blood is
replaced by relatively high signal because of tumor
thrombus. Tumor thrombi emit signal with an inten-
sity similar to that of the primary neoplasm on dif-
ferent pulse sequences. MRI using sagittal and
coronal planes is particularly helpful in evaluating
the superior extent of caval tumot thrombus relative
to the diaphragm, hepatic veins, and right atrium.
Furthermore, MRI has the potential to detect venal
wall invasion.

In patients with RCC, color-Doppler US appears
to be fairly accurate in assessing tumor extension
into renal veins, the inferior vena cava, and the right
side of the heart (KaLLMAN et al. 1992) (Fig. 4.19).
Although CT and MRI are the imaging techniques of
choice for staging RCC, color-Doppler US may be
used as a complementary technique for assessing
venous extension in patients with equivocal results
(HaBBOUB et al. 1997).

Occasionally, the results of preoperative staging
will be called into question intraoperatively. Then,
intraoperative US can be used to clarify the presence
or extent of thrombus (LoNG et al. 1993; HARRIS et
al. 1994).

The ability of CT and MRI to detect microscopic
tumor extension into the renal capsule or
perinephric fat is limited, but standard radical
therapy techniques include en bloc resection of
Gerota’s fascia. Although this is an important prog-
nosticator (VAN PopPEL et al. 1997), this cannot be
considered a serious limitation of either imaging
technique in terms of impact on standard surgical

Fig. 4.19. US; thrombus in the inferior vena cava. Sagittal scan
of the inferior vena cava showing an intraluminal thrombus
from an RCC of the right kidney
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Fig. 4.20 a-e. CT and MRI; RCC in the right kidney. Nodular
lesion in the left adrenal gland (arrow), hypodense
precontrast (14HU in a), and slightly enhancing after intrave-
nous contrast administration (44HU in b). The lesion has low
signal characteristics on both T1- and T2-weighted images
(c,d), and is isointense to the liver on the out-phase images (e)
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technique (Fig. 4.15). The accuracy rate for the detec-
tion of visceral invasion has been reported to be
97%-100%.

Reports in the literature have recorded an 80%-
96% accuracy for staging renal tumors, and it seems
that MRI is at least as accurate as CT for staging
purposes (FEIN et al. 1987; Hricak et al. 1988;
KaBaLra et al. 1990). MRI appears to be the best
technique for detecting venous tumor involvement
(HricaKx et al. 1985; RouBIipoux et al. 1992). One
hundred percent accuracy has been reported for in-
ferior vena cava thrombus diangosis and 80% accu-
racy for right atrial thrombus (PARks and KELLETT
1994).

4.4.2
N-Staging

Lymph nodes can be detected with a reasonably high
degree of accuracy. Size, however, is not a reliable
criterion to differentiate benign (reactive) from
malignant lymph nodes. Significant lymph node en-
largement frequently may be caused by inflamma-
tory changes, especially in the presence of tumor
necrosis (STUDER et al. 1990). Enlarged hyperplastic
or reactive lymph nodes may be present in more
than 50% of patients with renal carcinoma (STUDER
et al. 1990). Furthermore, micrometastases may be
present in lymph nodes of normal size.

The sensitivity of CT lymph node staging is
reported to be 83%-89% (JonNsoN et al. 1987;
LoNDON et al. 1989). MRI appears to be as accurate
as CT for the detection of lymph node involvement
(Parks and KELLETT 1994). US is less accurate than
CT or MRI in tumor staging. Failure to visualize ad-
equately the central retroperitoneal region, renal
vessels, and infrahepatic vena cava may occur in
more than 50% of patients, usually because of over-
lying intestinal gas (WEBB et al. 1987).

The reported sensitivity and specificity for stages
T1, T3, and T4 range from 90% to 100% (JOHNSON et
al. 1987; ZeMaN et al. 1988). The sensitivity and
specificity for stage T2 disease are 44% and 91%
respectively. Understaging is more frequent than
overstaging (DINNEY et al. 1992).

4.4.3
M-Staging

Bone, liver, and adrenal glands are also common
sites for secondary deposits. Involvement of the
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adrenals can be easily assessed by MRI, and differen-
tiation between adenoma and metastasis is feasible
with great accuracy (PEPPERCORN and REZNEK
1997) (Fig. 4.20). Normal size and normal attenua-
tion numbers of the adrenals virtually exclude the
presence of metastases from a primary tumor in the
kidneys.

The lung is the most common site for secondary
deposits, and these are seen in 55% of patients at
autopsy (PARKks and KELLETT 1994). Accurate stag-
ing of lung disease is of great importance as complete
surgical resection of a solitary metastasis has been
shown to increase the 5-year survival rate from 32%
to 58.3% (PArks and KELLETT 1994). For the most

Fig. 4.21 a,b. MRI; metastases from RCC. In this patient a
radical right nephrectomy had been performed a few years
earlier for an RCC. At least two tumors are visualized in the
left kidney (a,b). In addition, multiple lesions with similar
signal characteristics can be recognized in the tail of the pan-
creas (arrows, b): multiple pancreatic metastases and
metastases in the left kidney
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exact preoperative staging, a simple chest radio-
graph is probably insufficient, because up to 20%
of nodules smaller than 1 cm will not show up. Chest
CT directed specifically to detection of small
pulmonary nodules is much more sensitive than
chest radiography.

4.5
Follow-up After Therapy

For follow-up after therapy, which is usually radical
nephrectomy or partial nephrectomy, CT scanning
remains the best imaging procedure. MRI may be a
substitute for CT under appropriate circumstances
(Fig. 4.21). Renal bed recurrence of neoplasm
occurs in about 5% of patients after radical
nephrectomy. It is most likely to occur within 2 years
after nephrectomy (LEVINE 1995). Interpretational
errors can be avoided by ensuring adequate bowel
opacification with oral contrast medium. The detec-
tion of a recurrent RCC at the operative site carries a
poor prognosis, but CT is often the preferred imag-
ing test and may serve as a guidance mechanism for
biopsy if necessary.
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5.1

Introduction

In 1996, it was estimated that nearly 30600 people
would be diagnosed with renal cell carcinoma with
approximately 12000 deaths from this disease
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(PARKER et al. 1996). Although this tumor most fre-
quently occurs in patients in their fifth and sixth
decades of life, it is not uncommon for it to occur in
young, productive, and otherwise healthy adults or
even children (EckSCHLAGER and KoDET 1994).
This disease clearly constitutes an important health
problem in the United States. Currently, over 30%
of patients diagnosed with renal cell carcinoma
have metastatic disease at presentation. An addi-
tional 30%-50% of patients initially diagnosed
with local disease will demonstrate locally advanced
or even metastatic disease at the time of radical
nephrectomy. These statistics, coupled with the lack
of an effective adjuvant form of chemotherapy,
radiotherapy, or immunotherapy (despite the initial
enthusiasm) for renal cell carcinoma, emphasize
that this is a surgical disease that needs to be de-
tected and aggressively treated at an early curable
stage.

5.2
Indications for Radical Nephrectomy

Radical nephrectomy, by definition, is the en bloc
removal of the kidney, adrenal gland, and Gerota’s
fascia intact, with an ipsilateral retroperitoneal
lymphadenectomy and early ligation of the renal
artery and vein. Renal cell carcinoma may be a
very vascular tumor and early ligation of the
blood supply prior to any manipulation is important
to avoid excessive blood loss and to avoid any
potential tumor seeding or spill. Proper patient
selection and identifying the appropriate surgical
candidate is critical to the successful outcome
of this disease. Candidates for radical nephrectomy
include those with (1) potentially curable lesions
(stage I-III) and a reasonable life expectancy;
(2) stage IV disease with solitary or limited
metastases; (3) stage IV disease with refractory
pain, bleeding, or paraneoplastic symptoms; and (4)
stage IV disease considered for various adjuvant
protocols.
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5.3
Presentation of Patients with Renal Cell
Carcinoma

Although renal cell carcinoma generally occurs in
adults with a median age at diagnosis of 59 years,
30% of patients in one series of over 268 patients
were less than 50 years of age at diagnosis (STEIN et
al. 1998). Renal cell carcinoma predominately affects
males by a ratio of 2:1 (KANTOR 1977; BRETHEAU et
al. 1995; STEIN et al. 1998). Renal cell carcinoma may
present with a myriad of signs and symptoms sug-
gestive of other illnesses. This masquerade of dis-
eases can often delay or make the diagnosis of renal
cell carcinoma very difficult, and is often the reason
it has been referred to as the “internist tumor.” Pa-
tients with this tumor may present with signs and
symptoms classic for renal cell carcinoma such as
hematuria, pain, or a palpable abdominal mass. This
triad, although classic for renal cell carcinoma, is
present in only about 10% of patients (SKINNER et al.
1971; STEIN et al. 1998). Alternatively, patients may
present with nonspecific, obscure signs and symp-
toms including: fever of unknown origin, malaise,
weight loss, anemia, erythrocytosis, hypercalcemia,
hypertension, congestive heart failure, acute onset of
a scrotal varicocele, lower extremity edema, and
pathologic fractures, just to mention a few (SKINNER
et al. 1971; STEIN et al. 1998).

Many symptoms of renal cell carcinoma are
caused by the elaboration of specific polypeptide
hormones by the tumor itself. These substances are
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responsible for the “paraneoplastic” effects of the
tumor, present in a significant number of patients
diagnosed or treated for renal cell carcinoma
(McDouGAL and GARNICK 1995; GoLDp et al. 1996).
These paraneoplastic syndromes may occur in
curable patients with renal cell carcinoma, and do
not necessarily imply incurability or represent
metastatic disease. Effective therapy of the underly-
ing tumor generally induces regression of the
paraneoplastic syndrome. Few paraneoplastic syn-
dromes respond to medical therapy alone; hyper-
calcemia may be the exception. Importantly,
recurrence of a paraneoplastic syndrome should
raise suspicion for relapse of disease, either local or
metastatic.

To avoid delays in the diagnosis and effectively
treat patients, it is important to recognize the
paraneoplastic syndromes associated with renal
cell carcinoma, which are present sometime during
the illness in 10%-40% of patients (McDouGAL and
GARNICK 1995; GoLD et al. 1996). The most com-
monly observed paraneoplastic syndromes in
patients with renal cell carcinoma include: cachexia,
hypertension, anemia, hyperglycemia, nonme-
tastatic hepatic dysfunction (Stauffer’s syndrome),
erythrocytosis, and amyloidosis.

Presenting signs, symptoms, and clinical and
laboratory findings, according to their incidence
from two large series of patients with renal cell carci-
noma, are shown in Table 5.1 (SKINNER et al. 1971;
STEIN et al. 1998). These data represent 309 patients
treated over a 30-year period at the Massachusetts

Table 5.1. Presenting signs, symptoms, and laboratory findings in patients with renal cell carcinoma: the MGH® and USC series;

individual and collective experience

Presentation: signs and symptoms
and abnormal laboratory findings

MGH series® Number (%)

USC series® Number (%) Total number (%)

No. of patients 309
Hematuria (micro or gross) 183 (57%)
Classic triad 29 (9%)

Pain 127 (41%)
Abdominal mass 139 (45%)
Fever 21 (7%)
Weight loss 85 (28%)
Anemia 64 (21%)
Erythrocytosis 10 (3%)
Hypercalcemia 11 (3%)
Varicocele 7 (2%)
Incidental finding 20 (7%)
Known metastases (clinical or radiographic) 31 (10%)

264 573
128 (48%) 311 (54%)
13 (5%) 42 (7%)
101 (38%) 228 (40%)
68 (25%) 207 (36%)
20 (8%) 41 (7%)
51 (19%) 136 (24%)
119 (45%) 183 (32%)
3 (1%) 13 (2%)
16 (6%) 27 (5%)
13 (5%) 20 (3%)
20 (8%) 40 (7%)
38 (14%) 69 (12%)

*From SKINNER et al. (1971): Massachusetts General Hospital (MGH).
"From STEIN et al. (1998): University of Southern California (USC).
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General Hospital (MGH) (SKINNER et al. 1971) as
well as 264 patients treated over a 25-year period
at the University of Southern California (USC)
(STEIN et al. 1998). The similarities of these two large
series is striking. The most common presentation in
both series was hematuria (microscopically or
gross), collectively seen in 311 of 573 patients (54%).
The classic triad of hematuria, pain, and abdominal
mass was seen collectively in only 42 of 573 patients
(7%).

Anemia (hematocrit less than 33%, or hemoglo-
bin less than 10.0 ng/ml) was the most common labo-
ratory abnormality in both series. Anemia was
present in 21% of the MGH patients and 45% of the
USC patients; collectively it was seen in 183 patients
(32%) from the two series. This anemia is generally
not a result of hematuria-related blood loss or
hemolysis, but rather a result of a hypoproliferative
nature that creates a low total iron-binding capacity
and low levels of serum iron. It has also been
postulated that the anemia seen in patients with re-
nal cell carcinoma may be due to the toxic effects
of an unknown circulating substance (possibly a
cytokine) that results in bone marrow suppression
(GiBBONS et al. 1976; RoBsoN 1982; Laskl and
VUGRIN 1987).

Renal cell carcinoma is the most common cause of
ectopic erythropoietin production; elevated levels
are found in nearly two-thirds of patients with
erythrocytosis and renal cell carcinoma (SUFRIN
et al. 1977). Secondary erythrocytosis (hematocrit
greater than 50% or hemoglobin greater than
15.5ng/dl) upon admission was found in ten patients
(3%) in the MGH series, and three patients (1%) in
the USC series, i.e., it was collectively seen in 13 of
573 patients (2%). This incidence of erythrocytosis is
similar to rates in other series of 1%-5% (GIBBONS
et al. 1976; RoBSON 1982; SAMAAN 1979). More re-
cently, Gross et al. (1994) reported elevated levels
of erythropoietin in 1 of 49 patients (2%) diagnosed
with renal cell carcinoma. Erythrocytosis differs
from polycythemia, in which there is no elevation
of the platelet or leukocyte count, and no
splenomegaly. The erythrocytosis observed in
patients with renal cell carcinoma is thought to
be related to a circulating substance similar to
eythropoietin, secreted by the tumor. In patients
without evidence of metastatic disease, resolution of
the erythrocytosis should occur following removal of
the tumor. The late reappearance of erythrocytosis
(following nephrectomy) may imply recurrence or
metastatic disease, and indicates a poor prognosis
(RoBsoN 1982; ROSENBLUM 1987).
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In 1941, Allbright first reported a case of renal
cell carcinoma associated with hypercalcemia
(ALLBRIGHT 1941). Hypercalcemia (serum calcium
level greater than 10.5 mg/dl) is one of the most com-
mon paraneoplastic syndromes, affecting as many as
20% of patients with renal cell carcinoma (MuGGia
1990). Hypercalcemia was found on admission in 11
patients (3%) in the MGH series, and 16 patients
(6%) in the USC series; collectively it was seen in 27
of 573 patients (5%). Hypercalcemia may be attrib-
uted to skeletal metastases, but more commonly is
related to ectopic hormone production of either a
parathyroid hormone (PTH)-like substance or pros-
taglandin secretion by the tumor (CummiNgs and
ROBERTSON 1977; SAMAAN 1979; LYTTON et al. 1965;
O’GRADY et al. 1965). More recently, a molecularly
cloned PTH-like peptide, purified from a variety of
cancer cell lines with near homology with PTH, has
been identified (Suva et al. 1987; STREWLER et al.
1987). Although no correlation to serum calcium was
observed, GoToH and associates identified a PTH-
related peptide using a specific monoclonal antibody
in 40 of 42 cases of renal cell carcinoma (GoTOH et al.
1993).

In general, hypercalcemia associated with renal
cell carcinoma (without evidence of metastatic
disease) is best managed by surgical resection or
debulking of the primary tumor (GOLDBERG et al.
1980; RiTcH 1990).

Hypercalcemia associated with renal cell carci-
noma may also imply the presence of bony
metastases, reported in 52% of patients in one
series (CHASAN et al. 1989). In this situation, the
hypercalcemia does not represent a true paraneo-
plastic syndrome; rather it is related to the direct
osteolytic bone activity of the metastatic process.
The presentation of these patients may be similar to
that of those with humoral hypercalcemia; however,
patients with metastatic hypercalcemia may have
bony pain and may not respond to nephrectomy.
Radiotherapy may help ameliorate the bony pain
and hypercalcemia in this situation.

Constitutional symptoms such as fever, weight
loss, and cachexia may also suggest the diagnosis
of renal cell carcinoma, and are present in over 50%
of patients (McDouGAL and GARNIcK 1995). Fevers
upon presentation were observed in 21 patients (7%)
in the MGH series, and 20 patients (8%) in the USC
series; collectively they were seen in 41 of 573 pa-
tients (7%). Fever associated with renal cell carci-
noma has been reported to occur in up to 25% of
patients (CHERUKURI et al. 1977). Although the exact
etiology is unknown, it is thought to be related to an
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unknown circulating pyrogen secreted by the tumor
(CraNSTON et al. 1973). More recently interleukin-6
has been implicated as a potential cause of the fever
in these patients. Interleukin-6, a cytokine that may
stimulate acute phase reactants, has been found to be
secreted by several human renal cell carcinoma cell
lines, and has also been found to be elevated in 25%
of patients with renal cell carcinoma in one study;
78% of those patients with elevated interleukin-6
levels had documented fevers (TsukaMoOTO et al.
1992). Fevers in patients with renal cell carcinoma
are frequently intermittent, and may resolve follow-
ing nephrectomy (TsukamoTo et al. 1992). How-
ever, return of a fever following treatment may
indicate the presence of recurrent or metastatic dis-
ease (KEILY 1966).

Weightloss and cachexia are constitutional symp-
toms commonly seen in patients presenting with re-
nal cell carcinoma. Weight loss was observed in 85
patients (28%) in the MGH series, and 51 patients
(19%) in the USC series; collectively it was seen in
136 of 573 patients (24%). Although the mechanism
is not well understood, the cancer-related weight loss
and cachexia-may be related to a cytokine-mediated
factor such as tumor necrosis factor (Laski and
VUGRIN 1987).

Seven men (2%) in the MGH series presented with
acute onset of a scrotal varicocele (in six of these
cases it occurred on the left side), while 13 patients
(5%) in the USC series had a varicocele on presenta-
tion. Collectively, 20 of 573 patients (3%) were found
to have a varicocele upon presentation. This condi-
tion generally occurs secondary to obstruction of the
gonadal vein by tumor thrombus (most common) or
by tumor compression. On the left side, obstruction
occurs at the level of the left renal vein, whereas on
the right side obstruction generally involves the vena
cava. Obstruction or tumor thrombus involvement
of the inferior vena cava may also lead to lower ex-
tremity swelling or edema, present in 10 of 264 pa-
tients (4%) in the USC series.

Hypertension has been associated with renal cell
carcinoma in up to 25% of patients (McDouGAL and
GARNICK 1995). Although the exact etiology of the
hypertension is unclear, it is thought to be related to
one of the following mechanisms: renin production
by the tumor itself, relative ischemia to adjacent nor-
mal renal parenchyma, altered renal blood flow, a
decreased rate of renin degradation, or the increased
production of renin by nonrenal sources (SUFRIN et
al. 1977). Several reports have actually demonstrated
renin secretion by the tumor itself (NIELSEN 1973;
HoLLIFIELD et al. 1975; SUEFRIN et al. 1977; LINDOP
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and FLEMING 1984). Nephrectomy should relieve
this tumor-induced hypertension.

Another unique paraneoplastic syndrome of re-
versible hepatosplenomegaly with hepatic dysfunc-
tion (without clinical evidence of liver metastases)
was described in 1935 by CREEVY and in 1961 by
STAUFEER. This syndrome (characterized by abnor-
mal hepatic dysfunction in the absence of hepatic
tumor involvement), is referred to as Stauffer’s syn-
drome (HANASH et al. 1971; HANASH 1982; RAMOS
and TayrLor 1972; Utz et al. 1970; WALSH and
KissANE 1968; BOXER et al. 1978).

Diagnosis of this syndrome was initially based
on abnormal liver function tests with elevated
levels of serum alkaline phosphatase in the absence
of hepatic metastases (STAUFFER 1961). Other
biochemical abnormalities may include elevated
transaminases, hypoprothrombinemia, prolonged
partial thromboplastin time, and elevated a-globulin
levels (Laski and VUGRIN 1987; ROSENBLUM
1987). This syndrome of reversible hepatic dysfunc-
tion has also been described in patients with
xanthogranulomatous pyelonephritis (MALEK and
ELDER 1978; SamaAN 1979). However, despite the
presence of a renal mass, patients with xantho-
granulomatous pyelonephritis are clinically distinct;
symptoms of urinary tract infection are commonly
present, patients are commonly anemic with
hypoalbuminemia, and an obstructed collecting
system (kidney stone) is almost always present
(FIGUEROA et al. 1995; CHUANG et al. 1992).

Although the exact etiology of the hepatic dys-
function in Stauffer’s syndrome is unknown, theo-
ries of metabolic hepatic damage by a circulating
tumor toxin, and lymphocyte-mediated immuno-
logic hepatic damage mechanism have been sug-
gested (HaNAsH 1982). Stauffer’s syndrome should
disappear following nephrectomy in patients with
renal cell carcinoma, unless metastatic disease is
present. Furthermore, recurrence of this syndrome
following therapy, or persistence of the hepatic dys-
function despite treatment, suggests the presence of
recurrent or metastatic disease, and indicates a poor
prognosis (HaNasH 1982; RoBsoN 1982).

Elevated levels of other hormones, glycoproteins,
and hormone-related syndromes have been associ-
ated with renal cell carcinoma. These substances
and syndromes include: serum human chorionic
gonadotropin (GoLDE et al. 1974), prolactin
(TURKINGTON 1971), human placental lactogen, cal-
citonin (SAMAAN 1979), carcinoembryonic antigen
(GUINAN et al. 1975), feminization, masculinization,
and Cushing’s syndrome (RiGGs and SPRAGUE 1961;
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CrONIN et al. 1976). Hyperglycemia has also been
associated with renal cell carcinoma and may repre-
sent yet another paraneoplastic manifestation of the
disease (PALGON et al. 1986; JoBE et al. 1993).

54
The Incidentally Discovered Renal Cell
Carcinoma

The initial presentation of patients with renal
cell carcinoma has shown some change over the
past 20 years. The number of incidentally
diagnosed renal cell carcinomas has increased con-
siderably due to recent advances, and increased
use of ultrasonography and computed tomography
(BRETHEAU et al. 1995; Aso and Homma 1992;
THoMPSON and PEEK 1988; VALLANCIEN et al. 1990;
KESSLER et al. 1994). In a large multicenter survey in
Japan, Aso and HoMMa (1992) clearly demonstrated
an increased detection rate of incidental renal tu-
mors since 1980: 20 cases in 1980, and 338 in 1988. In
1993, a national epidemiological survey on 516
patients from the Association Francaise d’Urologie
revealed a 45% rate of incidentally discovered renal
cell carcinomas (COULANGE 1993). BRETHEAU and
associates (1995) reported a significantly increased
detection rate of incidentally discovered renal tu-
mors over a 10 year period: 17% in 1980 to approxi-
mately 50% in 1991. Similar detection rates have
been reported by others (Aso and Homma 1992;
VALLANCIEN et al. 1990; KoNNACK and GROSSMAN
1985; TsukaMoOTO et al. 1991; KESSLER et al. 1994).
In fact, the incidentally discovered renal cell carci-
noma may now be the most common form of presen-
tation in up to 50% of patients.

Several series report that incidentally discovered
renal tumors are more commonly diagnosed in the
right kidney, i.e., in about two-thirds of the patients
(BRETHEAU et al. 1995; VALLANCIEN et al. 1990;
NaxaNoO et al. 1992). This may be a consequence
of the increased frequency of right upper quadrant
(hepatobiliary) evaluation with ultrasound, and the
fact that the right renal fossa is more easily examined
by ultrasonography than the left side.

Several series also report lower staged tumors
with an improved prognosis in patients with
incidentally discovered renal cell carcinomas
(BRETHEAU et al. 1995; THOMPSON and PEEK, 1988;
KonNAck and GROSSMAN 1985; TSUKAMOTO et al.
1991; NAKANO et al. 1992). BRETHEAU and associates
(1995) reported on 236 patients with renal cell carci-
noma; 74 of these patients were found to have inci-
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dentally discovered renal tumors. In this group of
patients, the reported 10-year survival rate was
85% for patients, versus 44% for those with symptom-
atic tumors. Similarly, in an evaluation of 188 patients
surgically treated for renal cell carcinoma, the dis-
ease-free 5-year survival for 121 patients incidentally
diagnosed by ultrasound and/or computed
tomography was 80%, compared with only 40%
survival at 5 years for 67 symptomatic patients diag-
nosed by intravenous pyelography (P < 0.001)
(KESSLER et al. 1994). In this series, the incidence of
small renal tumors (<5cm in diameter) was also sig-
nificantly higher in patients incidentally diagnosed
with ultrasound and/or computed tomography than
in those diagnosed by intravenous pyelography
(47.9% vs 25.4%, respectively, P < 0.01). Smaller
tumor size and lower pathologic stage in patients with
incidentally discovered tumors have been reported
by others, and may relate to an improved prognosis
(BRETHEAU et al. 1995; THOMPSON and PEEK 1988;
TsukAMOTO et al. 1991; NAKANO et al. 1992).

This recent change in presentation of patients
with renal cell carcinoma differs from our experi-
ence. Incidentally discovered tumors were found
in only 20 of 309 patients (7%) in the MGH
series; most of these renal tumors were discovered
intraoperatively. In the more contemporary USC
series, still only 20 of 264 patients (8%) had inciden-
tally discovered renal cell carcinomas. These
findings are similar to other recent reports (DINNEY
et al. 1992). This may be explained by the fact that
ultrasonography and computed tomography were
either not available or less commonly performed
during the particular era under study. Furthermore,
the incidence of incidentally discovered renal tu-
mors may differ in series from large tertiary referral
centers where more advanced and complicated renal
tumors are referred and managed.

5.5
Prognosis of Patients with Renal Cell
Carcinoma

Despite extensive research, effective adjuvant forms
of therapy for renal cell carcinoma are still lacking.
Surgical extirpation remains the only truly effective
means of curing this disease. Dedicated efforts have
been made to identify various morphologic, molecu-
lar, and pathologic features that may provide prog-
nostic information regarding survival in patients
with renal cell carcinoma. In addition, better prog-
nostic markers may also help identify patients with
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increased risk for recurrence and/or disease progres-
sion, who may benefit from adjuvant treatment
strategies.

Pathologic tumor staging following surgical resec-
tion remains the most important prognostic variable
in patients with renal cell carcinoma (THRASHER
and PAuLsoN 1993). It has been shown that patients
with pathologically organ-confined tumors demon-
strate better clinical outcomes (recurrence and sur-
vival) than those with nodal or distant metastases
(DINNEY et al. 1992; GIULIANTI et al. 1990; GOLIMBU
et al. 1986; McN1cHOLOS et al. 1981; MEDEIROS et al.
1987, 1988; NurMI 1984; RoBsON et al. 1968, 1969;
SELLI et al. 1983; SIMINOVITCH et al. 1983; SKINNER
et al. 1971; STEIN et al. 1998). The staging system
most commonly used is RoBsoN’s modification
(RoBsoN 1963) of the system described by FLocks
and KapEesky (1958). Although still commonly used
today, this staging system is limited by collectively
designating venous tumor thrombus involvement
(renal vein or vena cava) and lymph node involve-
ment to stage III. These two entities have different
prognostic implications. Those tumors with throm-
bus extension into the renal vein or even vena cava
completely resected, without perinephric fat or re-
gional lymph nodes, have a similar prognosis to tu-
mors confined to the kidney (stage I) (BOXER et al.
1979; LiBERTINO et al. 1987; MRSTIK et al. 1992;
SELLI et al. 1983; SKINNER et al. 1972a). In contrast,
lymph node involvement has been shown to be a
much worse prognostic variable (SIMINOVITCH et al.
1983; Boxer et al. 1979; SKINNER et al. 1972b;
GIuLIANT et al. 1990; GoLIMBU et al. 1986). To fur-
ther complicate matters, although venous tumor
thrombus involvement may not affect patient sur-
vival, local microscopic tumor infiltration of the wall
(endothelium) of the vein appears to adversely im-
pact upon survival (MRSTIK et al. 1992; HATCHER
et al. 1991).

These limitations of Robson’s staging system
were addressed by the TNM staging system
proposed by the International Union Against Cancer
(Beanrs and MvyEers 1983) and modified by
HerMANEK and ScHrOTT (1990), taking into
consideration tumor size, extent of local invasion,
degree of extension into the vein, and extent of
lymph node metastases.

Although the accumulated data suggest that the
pathologic stage of renal cell carcinoma at the time of
surgical resection is the most important single vari-
able in determination of survival, other factors may
also be involved. Additional features of a particular
renal cell carcinoma may also provide prognostic
information including: nuclear grade, histologic pat-
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tern, tumor size, cell type, DNA content, and nuclear
morphometry (THRASHER and PAuLsoN 1993).

5.6
The USC Surgical Experience
with Renal Cell Carcinoma

We have recently evaluated our experience with the
surgical management of renal cell carcinoma over
the past 25 years (STEIN et al. 1998). From 1972
through 1997, a total of 264 patients underwent
surgical management for renal cell carcinoma. Of
these patients, 174 (65%) were male and 90 (35%)
were female. The median age at diagnosis was 59
years (range 19-90 years); 25% of patients were less
than 50 years of age and 17% greater than 70 years of
age at the time of presentation. The median follow-
up in these 264 patients was 6.8 years (range 1-21
years).

The median survival for the entire group of pa-
tients was 7 years. The most important prognostic
variable regarding outcome was pathologic stage
(Table 5.2) Overall, the recurrence-free survival for
Robson’s pathologic stage I (n = 68), II (n = 54), Il
(n=176),and IV (n = 70) tumors was 95%, 85%, 54%,
and 19% at 5 years respectively, and 78%, 80%, 40%,
and 19% at 10 years respectively.

Of the 76 patients with stage III tumors: 14 had
lymph node only involvement (stage IIIb), 51 had
tumor thrombus involvement only (stage IIla), and
11 had both lymph node and tumor thrombus in-
volvement (stage IIIc). Interestingly, no patient in
this series was found to have only tumor extension
through Gerota’s fascia (stage IIT) without evidence
of lymph node or tumor thrombus involvement or
metastatic disease. The 5-year recurrence-free sur-
vival in patients with stage IIIb was 54%, compared
to a 59% 5-year recurrence-free survival for stage
I1la, and a 33% 5-year recurrence-free survival for
stage Illc. Furthermore, of the 25 patients with
lymph node involvement (stage IIIb and stage IIlc),
the 5- and 10-year recurrence-free survival was 46%
and 25% respectively.

Nuclear tumor grade and the histologic cell
type were also found to significantly influence
recurrence-free survival in our series of patients
(Table 5.2). The 5-year recurrence-free survival for
renal tumors with nuclear grade I and II tumors (n =
87) was 78%, compared to a 62% and 37% 5-year
recurrence-free survival for nuclear grade III (n =
136) and IV (n = 45) tumors respectively (P <
0.0001). Furthermore, renal tumors with clear cell
features (n = 149) demonstrated an improved 5-year
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Table 5.2. Recurrence-free survival at 5 and 10 years: relationship with pathologic stage, nuclear grade, and cell type

Prognostic variable Number of patients Recurrence-free survival (%) P value
S-year 10-year
Pathologic stage® 264 <0.0001
I 68 95% 78%
I 54 84% 80%
III 76 54% 40%
Iv 70 19% 19%
Nuclear grade 264 <0.0001
I+1I 87 78% 75%
I 136 62% 51%
v 45 37% 20%
Cell type 264 P=0.01
Clear cell 149 71% 63%
Clear + granular 90 50% 30%
Spindle 19 58% 58%
‘Robson’s staging system.
Table 5.3. Significance of demographic features related tore- 5.7
currence-free survival The Current Role of a Retroperitoneal
Prognostic variable P value LymphadeneCtomy
Gender of patient 0.59 The current role of a retroperitoneal lymphadenec-
Age of patient 0.66 in th £ 1 cell .
Number of symptoms 0.001 tomy in the management of renal cell carcinoma
Anemia (serum Hect < 35%) 0.01 remains controversial. As previously mentioned,
Serum LDH 0.01 lymph node involvement is an adverse prognostic
Serum alkaline phosphatase 0.0l factor in patients with renal cell carcinoma. Most
Presence of gross hematuria 0.3 . . .
Presence of microhematuria 0.3 investigators would agree that a retroperitoneal
Weight loss 0001  lymphadenectomy assists in the accurate pathologic
Presence of pain . 0.64 staging of the disease and also provides valuable
Presence of an abdominal mass 0.3 prognostic information based on the presence or
Hypercalcemia 0.03 . -
Serum transaminase levels 04 absence of nodal involvement. In addition, those

recurrence-free survival of 72%, compared to rates
of 50% with clear cell and granular features, and 58%
with spindle cell features (P = 0.01).

When evaluating the demographic features of
these 264 patients, certain prognostic indicators
were also found to impact upon recurrence-free sur-
vival (Table 5.3). Adverse demographic factors
significantly affecting survival included: the number
of symptoms at the time of presentation, anemia
(hematocrit less than 35%), elevated serum
lactase dehydrogenase (LDH) level, elevated serum
alkaline phosphatase level, hypoalbuminemia,
hypercalcemia, and weight loss. Demographic fea-
tures that did not significantly affect survival in-
cluded: age at the time of presentation, gender of
patient, the presence of gross or microscopic
hematuria, the presence of pain, the presence of an
abdominal mass, and serum transaminase levels.

patient identified with lymph node involvement may
benefit from some form of adjuvant therapy. This,
however, is contingent on the efficacy of an effective
adjuvant form of therapy; unfortunately, most have
been disappointing. Although the authors firmly be-
lieve there may be a therapeutic benefit from a prop-
erly performed lymph node dissection, this remains
conjectural and will continue to be a source of debate
until a well-designed, randomized, prospective trial
is performed. Currently, it is our policy to perform a
lymphadenectomy on all patients for whom radical
nephrectomy is potentially curative (stages I, II, and
III). This is based on the assumption that, if lymph
node dissection were to have any therapeutic benefit,
it would be for those with minimal lymph node in-
volvement. This is in addition to the fact that there is
no truly effective form of adjuvant therapy currently
available for renal cell carcinoma.

Although poorly understood, the lymphatic
drainage of the kidney is thought to parallel its
vascular architecture. A review by MARSHALL and
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PoweLL (1982) demonstrated that the regional
lymph node drainage of the right kidney includes the
lateral caval lymph nodes, the pre- and postcaval
lymph nodes, and the interaortocaval lymph nodes.
The lymph node drainage of the left kidney consists
of the upper left lateral lumbar nodes, the pre- and
postaortic lymph nodes, the nodes lying on the left
crus of the diaphragm (posterior and medial to the
adrenal vein), and the lymph nodes along the left
renal vein. It has been suggested that the lymphatic
drainage from the kidney is predictable at the level of
the hilum, but that beyond the immediate region of
the kidney, lymphatic drainage is unpredictable
(TsukamoTo et al. 1990; Woobp 1991).

Of patients undergoing radical nephrectomy,
nearly 25% will have metastatic lymph node involve-
ment at the time of surgery, a figure that increases as
the limits of the dissection (lymphadenectomy) are
extended (RoBsoN et al. 1969; HERRLINGER et al.
1991) In addition, this incidence of lympha-
denopathy may also depend upon the diligence of
the pathologist in accurately identifing and evaluat-
ing all nodal tissue removed. In one prospective se-
ries, 511 patients with renal cell carcinoma were
surgically treated; 320 underwent an extended retro-
peritoneal lymphadenectomy, while 191 had a lim-
ited or no lymph node dissection (HERRLINGER et al.
1991). The incidence of positive lymph nodes was
found to be 17.5% in the group undergoing a lymph
node dissection compared to 10% in those who did
not undergo this procedure. In our series of 264
patients at USC, a total of 57 patients (21%) were
found to have lymph node involvement: 25 patients
(44%) without evidence of distant metastases
(stages IIIb and IIlc), and 32 patients (56%)
with associated metastatic disease (stage IV). The
5- and 10-year recurrence-free survival in the 25
patients with stage III disease was 46% and 24%,
respectively.

In most instances, patients with lymph node in-
volvement have microscopic disease (PETERs and
Brown 1980). Computed tomography can detect
retroperitoneal lymphadenopathy with approxi-
mately 95% sensitivity. However, it cannot deter-
mine the internal contents of the lymph nodes. In
one report, it was found that greater than 50% of
patients with renal cell carcinoma and retroperito-
neal lymphadenopathy as evaluated by computed
tomography, histologically had reactive changes that
did not represent metastatic tumor involvement of
the lymph node (STUDER et al. 1990). This was par-
ticularly true when tumor necrosis was present in the
primary lesion. Given that microscopic tumor in-
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volvement of the lymph nodes occurs in a significant
number of patients, coupled with the significant
false-positives (even with the best of imaging stud-
ies), an unequivocal diagnosis of lymph node in-
volvement with tumor can only be made on resected
tissue.

Benefits of an extended lymphadenectomy may
include: (1) more accurate pathologic staging which
should help to dictate adjuvant treatment protocols;
(2) potential curability if disease is limited to the
primary tumor and regional lymph nodes; and (3)
reduction in the incidence of renal fossa recurrences.
Data from retrospective studies and nonrandomized
prospective studies suggested that patients who un-
derwent an extended retroperitoneal lymphadenec-
tomy had an improved long-term survival when
compared to patients who either did not have a ret-
roperitoneal lymph node dissection, or in whom the
dissection was limited (GIuLIANI et al. 1983, 1990;
HERRLINGER et al. 1991; P1zzocARo and P1va 1990).
HERRLINGER and associates (1991) reported a
significantly improved survival in 320 patients
undergoing an extended lymphadenectomy for renal
cell carcinoma. The overall 5- and 10-year survival
was 66% and 56%, respectively in patients undergo-
ing a lymphadenectomy compared to 58% 5-year
and 40% 10-year survival without lymphadenectomy
(P < 0.01). This survival benefit was found to be
highest among patients with Robson’s stage I and II
disease.

Skeptics to performing an ipsilateral retroperito-
neal lymphadenectomy mention the following:
(1) renal cell carcinoma metastasizes via both lym-
phatic and hematogenous routes; (2) the lymphatic
drainage from the kidney is variable; (3) there is
no effective adjuvant therapy for patients with
lymph node-positive disease; and (4) an extended
lymphadenectomy may increase the morbidity of the
operation. Although renal cell carcinoma can metas-
tasize by hematogenous and lymphatic channels,
there are a substantial number of patients with iso-
lated lymph node involvement only (25%) without
clinical evidence of metastatic disease. Secondly, al-
though the lymphatic drainage of the kidney is vari-
able, an extended lymphadenectomy should include
the majority of regional lymph nodes draining the
ipsilateral kidney. Thirdly, regarding the lack of
effective adjuvant therapy for patients with nodal
disease, this is precisely the reason an extended
lymphadenectomy should be performed as it may
cure a significant number patients without the
need for additional therapy. Lastly, we and others
(HERRLINGER et al. 1991; SwansoN and BORGES



Radical Nephrectomy

1983; SaGo et al. 1979) believe that there is little
additional morbidity when a properly performed
regional lymphadenectomy is executed. In fact, to
safely perform a radical nephrectomy a regional
lymphadenectomy may help set up the operative
field. Therefore, since a retroperitoneal lympha-
denectomy allows for improved surgical staging of
the tumor, with some therapeutic benefit, and may
lower the local tumor recurrence rate without in-
creasing the operative morbidity and mortality, we
firmly believe that it should be an integral compo-
nent of a radical nephrectomy.

5.8
Surgical Technique
of Radical Nephrectomy

Radical nephrectomy is defined as early control
of the vascular pedicle with en bloc removal of
the kidney and ipsilateral adrenal gland within an
intact Gerota’s fascia. A regional retroperitoneal
lymphadenectomy is routinely performed. Suitable
candidates for this procedure should include those
with potentially curable tumors (stages I-III) and
those in good medical condition whose life expect-
ancy would be reasonable without cancer of the
kidney. Radical exenterative surgery is probably not
advisable for poor-risk patients; rather, simple pal-
liative nephrectomy may be indicated to control
pain, bleeding, and refractory paraneoplastic syn-
dromes (i.e., hypercalcemia), and in those patients
considered for adjuvant experimental protocols.
Age alone is not a contraindication to the procedure,
provided the patient is a reasonable operative
candidate. In selected patients with limited,
resectable metastases (one or two metastatic depos-
its), aggressive surgical treatment combining radical
nephrectomy and simultaneous excision of all meta-
static lesions may be appropriate. Approximately
35% of these carefully selected patients may live 5
or more years (MIDDLETON 1980; O'DEA et al. 1978;
SKINNER et al. 1971). This may be particularly
true for patients with metastatic renal cell carcinoma
to the lungs. Several reports have demonstrated
an aggressive surgical approach can be performed
safely with excellent survival outcomes in this
group of patients (DEKERNION 1983; TANGUAY et al.
1996).

The thoracoabdominal incision was initially
employed for gastroeosphageal resections in the
1940s (SWEET 1947). Subsequently, this surgical ap-
proach was adopted for resection of large renal cell
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carcinomas (CHUTE et al. 1949). CooPER and associ-
ates first described the use of this approach in retro-
peritoneal dissections for testis tumors (COOPER
et al. 1950).

The thoracoabdominal approach is the authors’
preference for nearly all retroperitoneal tumors
and employing this incision in the management
of renal cell carcinomas is routine. We strongly
believe that this incision provides the best possible
exposure and visualization. The thoracoabdominal
incision provides a versatile approach to either
the retroperitoneum solely, or can be combined
with an intra-abdominal approach for extensive
tumors or in complicated cases. In addition, the
thoracoabdominal approach allows evaluation of the
intra-abdominal contents. This approach provides
the ideal means to gain early vascular control of a
renal tumor and allows for a safe, en bloc dissection.
This is critical, particularly in large tumors with ex-
tensive collateral vessels, or those tumors with
venous tumor thrombus involvement. We believe
there are no absolute contraindications to the
thoracoabdominal approach and routinely perform
this incision for many indications including: radical
nephrectomy, nephroureterectomy, all retroperito-
neal tumors, retroperitoneal node dissections for
testes tumors, and ileoureteral substitutions.

5.8.1
Preoperative Preparation

Preoperative preparation is relatively routine. In
older patients (>60 years), prophylactic preoperative
digitalization is usual unless there is a specific
contraindication to its use. We routinely give 0.5mg
of digoxin in the morning the day before surgery,
followed by 0.25mg that afternoon and 0.125mg the
evening before surgery. Patients with large renal tu-
mors, in whom we anticipate a combined intra-
abdominal approach with possible resection of a
portion of the colonic mesentery, should undergo a
short but effective bowel preparation the day before
surgery. Several hours following breakfast on the day
before surgery, 120 ml of emulsified castor oil is ad-
ministered and the patient is placed on a clear liquid
diet, and made NPO after midnight. Overnight hy-
dration with intravenous fluids is important, par-
ticularly in patients undergoing a bowel preparation
to ensure adequate hydration upon arrival at the
operating room.
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5.8.2
Patient Positioning

Patient positioning is critical, and attention to detail
facilitates all phases of the operation (Fig. 5.1). The
patient should be positioned on the ipsilateral side of
the operating table with the break of the table located
immediately above the iliac crest. The contralateral
leg (lower) is flexed 90° at the knee, and the hip is
flexed about 30°. The ipsilateral shoulder is then
torqued approximately 30° off the horizontal, and
brought across the chest to be placed in an adjustable
arm rest. The authors prefer to use a padded airplane
arm rest, which provides an ideal positioning of the
ipsilateral arm without pressure or stretch to the ax-
illary structures. The contralateral arm is extended
on to an arm board ensuring avoidance of hyperex-
tension of the limb. The pelvis remains nearly supine
or slightly rotated 10° off the horizontal plane. A
rolled sheet is placed longitudinally under the ipsi-
lateral back, ensuring avoidance of any pressure to

Fig. 5.1. Proper patient positioning for a right thoraco-
abdominal radical nephrectomy. Note that the patient’s right
side is adjacent to the ipsilateral edge of the operating table. A
right paramedian incision is made
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the buttocks. A similar roll is positioned under the
contralateral abdomen to help secure the position.
The table is then fully hyperextended and the patient
secured with wide (3-inch) adhesive tape at the
shoulder, hip, and leg. The table is tilted in the
Trendelenburg position until the abdomen is in
the horizontal plane. The ipsilateral leg remains ex-
tended (straight) along the lateral edge of the table,
supported by a pillow behind the knee. All pressure
points are padded.

5.8.3
Surgical Dissection

Generally, an incision is made along the ninth rib.
The size and location of the tumor, possible contigu-
ous organ involvement, along with the body habitus
of the patient, may otherwise dictate a higher or
lower rib incision. The incision begins at the middle
axillary line, and extends across the costochondral
junction to the epigastrium in a transverse nature.
The incision is then directed inferiorly as either a
midline or paramedian incision. For very large tu-
mors or bilateral tumors, a T-shaped incision may
be employed, extending the horizontal portion of
the epigastric incision across to the contralateral
costochondral junction and then dropping an ipsi-
lateral paramedian or midline extension inferiorly.
This approach may also be employed when a vena
caval tumor thrombus is associated with the tumor,
requiring vascular control of the vena cava above the
diaphragm at the level of the right atrium. For tu-
mors associated with a vena caval tumor thrombus,
and when control of the vena cava above the dia-
phragm or at the level of the right atrium is desired,
a higher incision along the eighth or seventh rib is
preferred.

We prefer a rib resection to an intercostal inci-
sion. Careful comparison of these two techniques
reveals no difference in degree of pain or postopera-
tive requirements for analgesics; rib resection is
quicker, easier to close, and provides a wider expo-
sure without fracturing adjacent ribs. The subcuta-
neous tissues and muscles overlying the rib and
periosteum are incised using diathermy, and a
subperiosteal rib resection is performed in the stan-
dard fashion.

The anterior rectus fascia is incised, the rectus
muscle retracted laterally, and the rectus muscle
transected in the epigastrium with control of the epi-
gastric vessels. Lateral retraction of the muscle pre-
vents denervation of the rectus muscle with resultant
diastasis and weakness of the abdominal wall.
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The costochondral junction is then divided with
heavy scissors after careful and bluntly passing a
Mayo scissors under the cartilage. Care must be
taken to ensure that the abdominal peritoneum has
been swept off the transversalis fascia posteriorly.
This is an important step in order to identify the
plane between the muscle and fascia of the abdomi-
nal wall (anteriorly) and the peritoneum (posteri-
orly), and in fact is the hallmark to performing an
exclusively retroperitoneal dissection without enter-
ing the peritoneal cavity.

An exclusively retroperitoneal dissection is ap-
propriate for small, less complicated renal tumors,
or tumors of the renal pelvis or ureter. Development
of the plane between the anterior surface of
Gerota’s fascia and the colonic mesentery and pari-
etal peritoneum with large or vascular tumors
may lead to considerable venous bleeding if the
renal artery has not been previously ligated, and
should be avoided. Therefore, when performing a
radical nephrectomy for large, vascular renal cell
carcinomas, it is preferable to enter the peritoneum
after dividing the costochondral junction to gain
early vascular control. When the peritoneum is
opened widely, the pleura is incised and the dia-
phragm divided in the direction of its fibers. It is
helpful to first dissect the peritoneum off the dia-
phragm posteriorly before dividing. This maneuver
facilitates later mobilization of the liver for right-
sided, and the spleen for left-sided tumors. A self-
retaining Finochietto retractor is positioned, with
the costochondral junction placed through the holes
in the blades of the retractor and secured with towel
clamps.

At this time, the peritoneum may or may not be
entered, depending upon the surgeon’s preference.
Intra-abdominal access allows one to explore the
intra-abdominal contents, including the liver, and
also allows palpation of the regional lymph nodes to
determine in advance the extent of the primary tu-
mor. Moreover, opening the peritoneum may prove
useful to the surgeon to determine accurately the
plane between the lateral peritoneal reflection and
the anterior surface of Gerota’s fascia (Fig. 5.2). Defi-
nition of this plane is one of the most important
aspects of the operation; its proper identification is
achieved by developing a loose fibroareolar tissue
plane that separates the anterior surface of Gerota’s
fascia from the posterior peritoneum. Once the
plane is identified, it is further developed medially
beyond the great vessels by both sharp and blunt
dissection. Medial and superior retraction on the
peritoneal envelope around the liver on the right
side, and the spleen on the left side, facilitates and
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Fig. 5.2. For small, left-sided renal tumors, the transversalis
fascia can be divided in the groove between the descending
colon and the anterior surface of Gerota’s fascia. This will
allow the peritoneal envelope to be swept medially off the
anterior surface of Gerota’s fascia. The inferior mesenteric
vein, splenic vein, and origin of the superior mesenteric artery
should be identified. Immediately below the superior mesen-
teric artery is the left renal vein crossing the aorta anteriorly

enhances exposure to the ipsilateral kidney and
retroperitoneum.

For left-sided tumors, the only limiting factor that
prevents one from completely crossing the midline
in this avascular plane is the inferior mesenteric
artery. This artery may be ligated and divided to
facilitate exposure. Once this plane has been com-
pletely developed on either side, certain important
landmarks must be identified. The inferior mesen-
teric vein can be traced to its junction with the
splenic vein. Just lateral to this structure is the supe-
rior mesenteric artery, an important anatomic land-
mark. In all cases, this artery should be located as it
originates form the anterior surface of the aorta.
Immediately caudal or posterior to the superior me-
senteric artery is the left renal vein. The left renal
vein and the superior mesenteric are the two most
important anatomic structures to identify for both
right- and left-sided dissections. For left-sided tu-
mors, ligation and division of the three principal
branches of the left renal vein should be performed;
the left gonadal, the left adrenal, and the normally
present ascending (posterior) lumbar vein that en-
ters posteriorly. Control of these veins will facilitate
retraction of the left renal vein and expose the left
renal artery at its origin from the aorta (Fig. 5.3).
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Fig. 5.3. Ligation of the left renal vein. Note the relationship
between the left renal vein (retracted inferiorly) and the origin
of the superior mesenteric artery and celiac artery

For right-sided tumors, sufficient mobility of the
left renal vein can usually be achieved to expose the
aorta and right renal artery without ligating or divid-
ing the left gonadal, adrenal, or ascending lumbar
veins. If additional mobility of the left renal vein is
required, ligation of the left adrenal branch (most
medial) should provide the necessary mobility.

For large right-sided renal tumors, a combined
intra-abdominal approach is routinely performed.
Attention is directed toward ligation of the renal
artery. First, the small bowel contents are retracted
to the right and the ligament of Treitz is identified.
The duodenum is kocherized to the right and the
ligament of Treitz divided. This dissection should
begin medial to the junction of the splenic and the
inferior mesenteric vein. This maneuver also permits
identification of the origin of the superior mesenteric
artery. The aorta can be readily palpated below the
region of the left renal vein, cephalad to the inferior
mesenteric artery. Identification of the aorta is made
possible with careful dissection of the fibroareolar
lymphatic tissue surrounding it. Using right-angle
clips, all fibroareolar and lymphatic tissue immedi-
ately over the aorta is divided. Dissection begins at
the level of the inferior mesenteric artery and con-
tinues cephalad, taking care to ensure that one stays
directly on top of the aorta. For right-sided tumors
the inferior mesenteric artery need not be ligated.
This is particularly important in elderly patients with
some component of atherosclerosis; it is best to
preserve this vessel. A gonadal artery is frequently
encountered and can be clipped and divided. Imme-
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Fig. 5.4. Ligation of the right renal artery. The fibroareolar
and lymphatic tissue is divided directly over the aorta. The left
renal vein is mobilized and retracted to identify the renal
artery. Note that ipsilateral lumbar arteries may also be
divided to further mobilize the aorta and facilitate ligation
and division of the right renal artery

diately cephalad to the gonadal artery, the left renal
vein should be identified as it crosses over the vena
cava. A Gil-Vernet or vein retractor can elevate the
left renal vein and allow for dissection to continue up
the aorta to the origin of the superior mesenteric
artery. The right renal artery can then be identified
medial to the aorta and posterior to the left renal
vein (Fig. 5.4).

Prior to ligating the renal artery it is sometimes
helpful to sweep all fibroareolar lymphatic tissue off
the top and side wall of the aorta to the intervertebral
ligaments and to ligate the ipsilateral lumbar
arteries, usually two or three lumbar arteries exist
below the ipsilateral renal artery. This maneuver
provides additional mobility to the aorta and may
facilitate safe ligation of the renal artery. Further-
more, ipsilateral lumbar arteries may also provide
additional blood supply to large renal tumors. Fol-
lowing ligation of the renal artery and ipsilateral
lumbar arteries, dissection continues medially down
the right common iliac artery, which is below the
lowest level of Gerota’s fascia. The ureter and go-
nadal vessels are ligated and divided at this level.

The avascular plane of Toldt is then further
incised and the ascending colon, small bowel attach-
ments, and duodenum completely mobilized off
Gerota’s fascia and reflected medially (Fig. 5.5). Dis-
section of the small bowel mesenteric attachments is
directed toward the previously kocherized duode-
num; care must be taken not to extend this dissection
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Fig. 5.5. Access to the right renal artery. The cecum and
ascending colon are mobilized along the avascular line of
Toldt, while the retroperitoneal attachments to the small
bowel are mobilized and divided in a cephalad direction from
the ileocecal junction to the ligament of Treitz (medial to the
descending colonic mesentery). This maneuver kocherizes
the duodenum and pancreas off the great vessels. Note that the
inferior mesenteric vein (lateral to the aorta) is used to help
identify the origin of the superior mesenteric artery from the
aorta

cephalad into the hepatoduodenal ligament or portal
structures. Once completed, this mobilization pro-
vides excellent exposure to the vena cava and entire
retroperitoneum. The ascending colon and small
bowel contents can be placed in a Lahey bowel bag
and positioned on the patient’s chest.

Next, the vena cava is skeletonized, beginning
anteriorly and dividing all fibroareolar and lym-
phatic tissue over the vena cava extending in a ceph-
alad direction. The gonadal vein is ligated and
divided at the insertion into the vena cava. If the
renal vein is free of tumor extending into the vena
cava, it should be ligated. If a tumor thrombus is
present, the nephrectomy should follow the tech-
nique described later; the renal vein should be dealt
with only after the kidney is totally freed up from the
surrounding tissues. Otherwise, the renal vein is
ligated at this time. For right-sided tumors, all lum-
bar veins running to the vena cava (bilateral) below
the level of the renal vein should be individually
ligated so that the vena cava is entirely skeletonized.
Dissection of the vena cava is then extended upward
to the level of the insertion of the most inferior
hepatic vein, representing the cephalad limit of dis-
section. Once the vena cava has been skeletonized, it
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can be elevated with a vein retractor and all tissue
(lymph node packet) from between the aorta and
vena cava swept to the ipsilateral side, thus exposing
the intervertebral ligaments posterior to the great
vessels. Hemoclips should be placed on the ascend-
ing lumbar plexus, which passes posteriorly immedi-
ately adjacent to the sympathetic chain ganglion.

Attention is then directed toward the cephalad
extent of Gerota’s fascia, and the prominent right
adrenal vein. When the peritoneum is mobilized
off the diaphragm, the liver can be elevated and
retracted medially. This maneuver allows one to
visualize the adrenal and to dissect Gerota’s fascia
off the diaphragm, the quadratus lumborum, the
psoas muscles from a lateral to medial direction.
The right adrenal vein can then be easily ligated, thus
exposing the right crus of the diaphragm. Once
this is accomplished, the entire specimen can be
removed en bloc with the regional nodes and with
Gerota’s fascia intact.

The sympathetic grooves should be carefully
inspected as numerous veins course between these
nerves, including the lumbar veins and the ascend-
ing lumbar venous trunk. These may require suture
ligature if bleeding cannot be controlled by
hemoclips. Generally, it is possible to preserve the
ipsilateral sympathetic chain but this is usually of
little consequence in most patients afflicted by renal
cell carcinoma. The cisterna chyli should be identi-
fied and carefully clipped where it passes medial to
the right crus of the diaphragm, posterior to the
origin of the right renal artery. This will prevent
lymph leak during the postoperative period. Inspec-
tion of the origin of the superior mesenteric artery
may also reveal some lymph leak from dilated
lacteals that run parallel to the artery in this area.
These should also be individually clipped.

If the primary right renal tumor is small, a radical
nephrectomy and regional lymph node dissection
can be performed entirely via the retroperitoneal
approach. The advantage of a pure retroperitoneal
dissection is the lack of subsequent adhesions and
prevention of possible small bowel obstruction. In
addition, there is less of an ileus with earlier post-
operative return of bowel function.

For small left-sided tumors, it is usually possible
to incise the transversalis fascia at the junction of the
peritoneum and Gerota’s fascia laterally, so that the
descending colon and its mesentery can be swept off
the anterior surface of Gerota’s fascia medially. The
inferior mesenteric vein should be identified and
traced to its junction with the splenic vein in order to
identify the superior mesenteric artery. The left renal
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vein passes immediately below the origin of this ar-
tery. Once identified, the left renal vein is mobilized
by ligation of the adrenal, gonadal, and posterior
ascending lumbar veins, allowing access to the left
renal artery.

For large or vascular left-sided tumors, it is best to
approach the dissection again via an intraperitoneal
route. The duodenum can be mobilized near the liga-
ment of Treitz, with intraperitoneal identification of
the inferior mesenteric vein. One should then divide
all tissue directly over the aorta with attention
focused on the crossing left renal vein. Once the re-
nal left vein has been identified, it should be mobi-
lized by ligating the adrenal, gonadal, and posterior
ascending lumbar veins. In addition, ligation of the
ipsilateral lumbar arteries will also provide some
added mobility to the aorta and allow for early and
safe ligation of the left renal artery. The renal vein
can then be elevated and the left renal artery ligated
and divided. If no tumor thrombus is present, the left
renal vein can then be ligated at its insertion into the
vena cava. All fibroareolar and lymphatic tissue is
then swept off the top of the vena cava medially, thus
cleaning the ipsilateral side wall of the vena cava. The
ipsilateral left lumbar veins are ligated at this point.
They should be ligated at the junction of the vena
cava down to the level of where the right common
iliac artery crosses. The left gonadal vessels and
ureter are divided where they cross the common iliac
vessels.

Gerota’s fascia can be mobilized off the quadratus
lumborum and psoas muscle posteriorly. The
vascular communications between the adrenal and
phrenic vessels are clipped and divided superiorly;
the celiac ganglion is also clipped and divided, thus
exposing the left crus of the diaphragm.

The aorta should then be skeletonized by dividing
all fibroareolar and lymphatic tissue immediately
over the aorta down to its bifurcation. For most left-
sided tumors, the inferior mesenteric artery must be
ligated and divided unless there is marked evidence
of atherosclerotic disease of the aorta, in which
case a wide regional node dissection is probably not
indicated and preservation of the inferior mesenteric
artery should performed. The uppermost lumbar
arteries are ligated off the aorta. Usually, it is not
necessary to ligate the lumbar vessels distal to the
inferior mesenteric artery, an exception being the
relatively young patient in whom an aggressive dis-
section is performed. The aorta can then be elevated
and all fibroareolar and lymphatic tissue swept
from underneath the great vessels over the
intravertebral ligaments to the ipsilateral side. This
provides removal of the kidney within Gerota’s
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fascia along with the regional lymph nodes in an en
bloc fashion.

Careful inspection should be made to ensure that
all bleeding is well controlled. We routinely inspect
the origins of the lumbar arteries and veins and
ensure that they are well secured with a silk ligature
and a medium-sized hemoclip. We also inspect the
renal pedicle and the inferior mesenteric artery (if
ligated), and ensure that they too are secured with a
hemoclip along with the silk ligature. The wound is
then irrigated with sterile water.

Retroperitoneal drains are not necessary; how-
ever, a size 22 chest tube is routinely inserted and
removed the day following surgery. The diaphragm
is closed with a running size 0 absorbable suture in
two layers. Closure of the remainder of the incision is
performed by figure-of-eight, through-and-through,
nonabsorbable sutures, securing all muscular layers
of the chest and abdomen in one layer. Care should
be taken to ensure that the knots are inverted, par-
ticularly in thin individuals. Medially, the diaphragm
must be incorporated in several of the closing
sutures to ensure separation of the pleural and
abdominal or retroperitoneal cavities.

5.8.4
Technical Considerations

Several comments regarding the operative technique
deserve specific mention. Proper patient selection
and good surgical judgment are essential prerequi-
sites. Patients with extensive atherosclerosis of their
aorta are best managed without extensive mobiliza-
tion of the aorta and an aggressive regional lymph
node dissection is probably not indicated.

Ligation and division of the ipsilateral lumbar
arteries below the level of the renal pedicle facilitates
aortic mobilization and allows easier and safer
vascular control of the renal artery. In addition, only
ipsilateral lumbar arteries need to be ligated and
divided on right-sided tumors. Bleeding from an
avulsed lumbar vessel can occur and result in a
troublesome problem. Placement of hemoclips on
the distal portion of each vessels facilitates this por-
tion of the operation. We feel it is best to ligate the
lumbar vessels (arteries and veins) at their origin
from the great vessels and place a medium hemoclip
to doubly secure the vessel. Occasionally, bleed from
a torn lumbar artery or vein may occur despite all
precautions, in which case the use of an Allis forceps
clamp is helpful. An arterial suture should be avail-
able at all times to help control bleeding from a torn
or avulsed lumbar vessel.
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The cisterna chyli should be identified behind the
right renal artery, located in the region medial to the
right crus of the diaphragm, between the aorta and
vena cava. This should be ligated or secured with
a hemoclip to prevent significant loss of protein
during the postoperative period and possible chy-
lous ascites. Major hemorrhage from the renal hilum
is potentially the most serious complication during
a radical nephrectomy. Should this occur, it can
almost always be controlled by direct posterior
compression of the renal pedicle against the verte-
bral bodies. Complete dissection of this area and mo-
bilization of the aorta will allow identification of the
bleeding vessel and facilitate vascular control.

5.8.5
Postoperative Considerations

The routine use of chest tubes will help to avoid the
30%-35% incidence of hemopneumothorax, with
consequent prolonged hospitalization, that occurs
when chest tubes are not used. In general, the tube
is maintained on suction until significant drainage
ceases (usually within 24h), at which time it is re-
moved. Other postoperative complications following
a radical nephrectomy are similar to those following
any major surgical procedure. Several critical points,
however, should be emphasized. When an ipsilateral
lymphadenectomy is performed, the sympathetic
ganglia may occasionally be removed unilaterally,
resulting in a warm ipsilateral lower extremity, a
consequence of peripheral vasodilation of the leg,
compared with the normal but relatively cool con-
tralateral extremity. This event may occasionally
cause a panic-stricken call from the intensive care
unit; the anxiety can be relieved if the contralateral
distal pulses are predictably intact. Occasionally,
diarrhea may result from ischemia of the large
bowel following ligation of the inferior mesenteric
artery. This is a rare event in younger patients, and
is usually managed conservatively without con-
sequences or long-term sequelae.

Concern over possible devascularization of the
spinal cord is not warranted, provided that no
lumbar arteries are ligated above the renal pedicle.
The spinal cord ends at the level of the first lumbar
vertebral body. The nutrient arteries to the spinal
cord, the anterior and posterior longitudinal spinal
arteries, arise from the vertebral arteries and receive
additional blood supply from the intercostal and
high lumbar arteries through radicular branches.
The main lower anterior radicular artery provides
collateral blood supply to the anterior spinal area
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and is called the arteria radicularis magna or artery
of Adamkiewicz (FERGUSON et al. 1975). This artery
originates from the thoracic aorta in 50% of patients,
and from the lumbar region in the other 50%
(ApAaMs and VAN GEETRUYDEN 1956; COUPLAND
and REevE 1968). However, it has been shown that in
those patients in whom the arteria radicularis magna
originates in the lumbar region, there is an impor-
tant radicular artery from the lower thoracic aorta
that is consistently present and provides adequate
collateral circulation to the anterior spinal artery
(ApAMS and VAN GEETRUYDEN 1956; COUPLAND
and REEVE 1968). We believe that extensive aortic
mobilization with ligation of the lumbar arteries is
safe and an integral component of a properly per-
formed radical nephrectomy. Again, patients with
extensive atherosclerotic vessels are not the ideal
candidates for this excessive dissection and good
surgical judgment is important to determine the
appropriate candidate. In qualified hands, the tech-
nique of a thoracoabdominal radical nephrectomy is
safe and extremely well tolerated by the patient.

5.9
Management of Tumors Involving the
Vena Cava

Renal cell carcinomas may invade surrounding
parenchyma directly and extend through the capsule
to invade the perinephric fat and/or contiguous vis-
ceral structures. They may also expand into the areas
of least resistance such as the renal vein and vena
cava. It has become apparent that tumors with
venous tumor thrombus extension, even into the
vena cava, do not necessarily carry an ominous prog-
nosis if they are completely excised and are not asso-
ciated with perinephric fat, contiguous visceral
invasion, or regional nodal or distant metastases
(SKINNER et al. 1971, 1989; GLazeErR and Novick
1996; LiBERTINO et al. 1987; SWIERZEWSKI et al.
1994). An exception to this is when the tumor throm-
bus actually infiltrates into the endothelial wall of the
vessel, an adverse prognostic factor (HATCHER et al.
1991; MRSTIK et al. 1992).

With our extensive experience with renal cell car-
cinoma and venous tumor thrombus involvement,
we have developed a right thoracoabdominal ap-
proach to remove extensive venous tumor thrombi
en bloc with the primary tumor that we believe
provides optimal exposure to the upper vena cava
and allows vascular control of all venous inflow to
the cava (SKINNER et al. 1989). Experience with the
midline transabdominal approach with median
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sternotomy extension has not been as good owing to
poor exposure of the vena cava and difficulty in get-
ting around the liver. Only a few patients demon-
strate significant venous tumor thrombus extension
into the atrium which will demand cardiopulmonary
bypass. Usually, small tumor extensions into the
atrium can be managed without the need for bypass,
thereby avoiding the need to administer heparin and
the potential for increased blood loss above and
beyond what is already a bloody operation under
the best circumstances.

The thoracoabdominal approach that we rou-
tinely use involves excising the seventh rib, and
extending the incision in the epigastrium to the
midline and then inferiorly as a midline or
paramedian incision to a level below the umbilicus.
For left-sided tumors, the transverse portion of the
incision in the epigastrium can be extended to the
left costochondral junction (T-shaped) as previously
mentioned. Early ligation of the renal artery is again
essential to this procedure along with complete iso-
lation of the vena cava with ligation of all lumbar
veins. This is accomplished by dividing the ascend-
ing colon and peritoneal attachments to the small
bowel mesentery so that the bowel, duodenum, and
pancreas can be elevated on the superior mesenteric
artery pedicle. This allows access and early ligation
of the renal artery. The vena cava can then be mobi-
lized by ligating and dividing all lumbar veins and
applying a Rummel tourniquet loosely around the
distal vena cava and the contralateral left renal
vein (for right-sided tumors) or the right renal artery
(for left-sided tumors). Note that for right-sided
tumors, the collateral branches to the left renal vein
should be preserved if possible. The kidney and
Gerota’s fascia are then completely mobilized, with
en bloc dissection of the periaortic and renal
hilar lymph nodes. The only remaining attachments
at this time are the renal vein and the intracaval
thrombus.

Patients with tumor thrombus extending to the
level of the inferior hepatic veins (level II) or higher
(level 111, to the level of the right atrium) will require
proximal vascular control of the vena cava in the
pericardium, at the junction of the vena cava and
right atrium. A vertical pericardiotomy is made,
ensuring avoidance of the phrenic nerve. A Rummel
tourniquet is applied loosely around the vena cava
just below its insertion into the right atrium
(interpericardial). Patients with a subhepatic tumor
thrombus (level I) require only a Rummel tourniquet
placed around the vena cava at a level below the
liver.
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Patients with intrahepatic tumor thrombus (level
IT) or higher (level IIT) will require isolation and con-
trol with soft Fogarty vascular clamps of the superior
mesenteric artery. The inferior mesenteric artery is
similarly occluded. Two Crafoord vascular clamps
are placed across the hepatoduodenal ligament
(porta hepatis), after which the Rummel tourniquets
on the distal vena cava, the contralateral renal vein,
and the intrathoracic cava are tightened, effectively
isolating the vena cava from all venous inflow (Fig.
5.6). For left-sided tumors, a soft Fogarty vascular
clamp is place on the right renal artery, thus obviat-
ing the need to occlude the right renal vein.

Patients with tumor thrombus extension to the
level of the right atrium (level III), with only a small
intra-atrial component, can have a purse-string
suture placed around the atrial appendage. A finger
inserted into the atrium can gently milk or push the
tumor thrombus down the vena cava so the Rumel
tourniquet can be tightened above the thrombus
extension at the junction of the vena cava and right
atrium (Fig. 5.7). A large or patulous tumor throm-
bus extending into or involving a greater portion of
the atrium will require cardiopulmonary bypass to
prevent intraoperative embolization.

Once complete vascular control has been per-
formed, a longitudinal incision is made into the pos-
terior portion of the renal vein, just proximal to the
junction with the vena cava. This incision is carefully
extended first posteriorly and then anteriorly along
the renal vein, ensuring that this incision is not
extended into or along the vena cava. Generally, the
tumor thrombus can be gently extracted, intact from
the cava (Fig. 5.8). Occasionally, the thrombus is
adherent to the wall of the vena cava, requiring
instrument dissection for complete removal.

The patient should be placed in the “head-down”
position during the extraction of the tumor throm-
bus to prevent subsequent air embolization. Trial
occlusion of the vena cava should be performed
prior to the incision into the renal vein to ensure the
patient has sufficient intravascular volume to sustain
the systemic pressure at appropriate levels during
this portion of the procedure. The anesthesiologist is
critical in these events and to the success of the pro-
cedure. Mannitol should be given prior to occluding
the venous inflow into the vena cava. Overall, the
surgeon has about 20min of safe, warm, hepatic
ischemia time during which time the tumor and
thrombus can be extracted and the venotomy closed
(Fig. 5.9). We routine place a fenestrated vascular
clip (DeWeess) on the infrarenal vena cava to pre-
vent pulmonary emboli in patients who have had clot
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Fig. 5.7. The cardiac surgeon can insert a finger through the
atrial appendage and into the right atrium in order to milk the
tumor thrombus out of the atrium at the time the primary
renal tumor and thrombus are simultaneously extracted from
the abdominal vena cava. Once the thrombus has descended
out of the atrium into the proximal inferior vena cava, a
Rumel tourniquet is tightened around the inferior vena cava at
its junction with the atrium. This provides proximal venous
control, prevents intraoperative embolization, and obviates
the need for cardiopulmonary bypass
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Fig. 5.6. Surgical maneuvers necessary for
a safe and effective method of removing a
level II or III tumor thrombus

Fig. 5.8. Tumor thrombus enucleation. Note that the
venotomy should be made in the renal vein (initially poste-
rior) just adjacent to the vena cava. This helps to prevent
extension of the venotomy up the vena cava with loss of
vascular control
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Fig. 5.9. Illustration of operative field following tumor
removal. We routinely place a fenestrated DeWeese caval clip
(infrarenal) in patients whose tumor preoperatively com-
pletely occluded the vena cava, in those who had prior evi-
dence of pulmonary embolism, and in those in whom clot is
encountered in the distal vena cava

below the level of the tumor thrombus. In addition,
postoperative anticoagulation should also be insti-
tuted in these patients.

5.10
The Role of Radiation Therapy
in Renal Cell Carcinoma

Undeniably, surgery is the most effective form of
therapy for patients with renal cell carcinoma. It has
been proposed that preoperative radiation therapy
may provide several benefits to patients with renal
cell carcinoma (RAFLA 1970; RosT and Brosig 1977;
Frocks and KaDEsky 1958; RicHES 1966). These
benefits were to include the following: (1) reduction
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of the risk of tumor dissemination at the time of
nephrectomy; (2) reduction of the size of the primary
lesion; (3) increased resectability; and (4) reduction
of tumor vascularity. Based on some encouraging
preliminary retrospective data (Cox et al. 1970), a
prospective randomized, national, multicenter clini-
cal trial, comparing preoperative radiation therapy
followed by radical nephrectomy with radical
nephrectomy alone, was launched and, although
the data were never published (unpublished data),
this study failed to demonstrate any benefit to
preoperative adjuvant radiotherapy versus radical
nephrectomy alone (Cox E.C. 1998, personal
communication).

Postoperative radiation therapy has the theoreti-
cal benefit of providing local control of tumor in
patients with positive surgical margins, incompletely
resected primary tumors, or lymph node involve-
ment (RICHES 1966; MANTYLA et al. 1977). However,
the role of radiation therapy in the management of
renal cell carcinoma has not been supported by the
literature (JUUSELA et al. 1977; VAN DER WEREF-
MEsSSING 1973; FINNEY 1973; PEELING et al. 1969).
The problem with radiotherapy is that renal cell
carcinoma is a relatively radioresistant tumor. This
resistance is probably related to the significant
degree of necrosis, cystic, and anaerobic qualities
associated with the tumor. Furthermore, the large
volume of normal (surrounding) tissue likely in-
cluded in the radiation field may be significant and
increase the potential for morbidity.

Currently, radiation therapy in renal cell carci-
noma is generally reserved for palliation, most often
for symptomatic bony metastases (see Chap. 10).
It has been shown that symptomatic responses or
improvements following radiation for bony
metastases are excellent; 77% of those with bone
pain respond at the treatment site (HALPERIN and
Hari1s1apis 1983). Overall, radiation therapy clearly
has a palliative role for symptomatic bony
metastases; however, the routine use of preoperative
or postoperative radiation therapy is currently not
supported by the literature.

5.11
The Role of Chemotherapy
in Renal Cell Carcinoma

Despite the remarkable improvements and response
rates of single and combination chemotherapy in
some solid tumors, renal cell carcinoma remains
a chemoresistant tumor. The most common agents,
vinblastine and floxiuridine, have response rates of
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7% and 16%, respectively (YaGopa et al. 1995). In
an excellent review of 72 agents, evaluated in 3500
patients, between 1983 and 1992, an overall objective
response rate of 5.6% was found, mostly of short
duration (YaGopa et al. 1995). Furthermore,
hormone therapy has also been found to be equally
ineffective (DEKERNION 1982). Currently, there is
no role for chemotherapy or hormone therapy in
the treatment of renal cell carcinoma.

5.12
Role of Surgery in Patients with
Metastatic Renal Cell Carcinoma

The role of surgery in patients with metastatic renal
cell cancer continues to evolve. There will be a
number of patients with renal cell carcinoma who
present with solitary or limited metastases. The
5-year survival following complete resection of the
primary and metastatic deposit is approximately
25%-35% (MIpDLETON 1980: O’DEA et al. 1978;
SKINNER et al. 1971). Patients who respond best to
this aggressive form of surgical therapy are those
with solitary pulmonary lesions (MaLDAZYS and
DEKERNION 1986; TANGUAY et al. 1996).

Palliation of symptoms from advanced renal
cell carcinoma is a reasonable indication for
nephrectomy in the face of multiple metastases
granted that the primary tumor can be removed
without excessive morbidity or mortality. Patients
with paraneoplastic syndromes may also benefit
from palliative resection. Although most would
agree that palliative nephrectomy in this setting is
justified, only 10% of patients can be expected to
survive for 1 year with nephrectomy alone and 50%
of these patients die within 4 months (BELLDEGRUN
and DEKERNION 1988).

Advances in immunotherapy for renal cell carci-
noma have raised the issue of surgery in the treat-
ment of patients with metastatic disease. There is
evidence to suggest that there are improved response
rates to immunotherapy when it is administered fol-
lowing the removal of the primary lesion (WALTHER
et al. 1993; MINASIAN et al. 1993; UMEDA and
NirjiMa 1986; BELLDEGRUN et al. 1991). Although
there is evidence to suggest that patients receiving
immunotherapy respond better when nephrectomy
is performed prior to treatment, the timing of
nephrectomy is a topic of debate. In a large National
Cancer Institute study, 40% of patients who under-
went nephrectomy were unable to start IL-2 therapy
due to progression of disease or postoperative
complications (WALTHER et al. 1993). Adjuvant
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nephrectomy is also currently performed on patients
who are on protocols that require tumor-infiltrating
lymphocytes (BELLDEGRUN et al. 1993). Obviously,
further trials will be important to determine the
exact role of surgery in the treatment of patients
with metastatic renal cell carcinoma.
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6.1
Introduction

Adenocarcinoma of the kidney remains a challenge
in urologic oncology. While prostate cancer and
bladder neoplasms are much more frequent than
kidney cancer, the mortality from kidney cancer can
be estimated to be twice as high as that from bladder
and 3 times as high as that from prostate cancer. The
clinical picture of renal cell carcinoma has, however,
changed completely during the last decade. Most tu-
mors are no longer presenting at a locally advanced
or disseminated stage with hematuria or pain. In-
deed, early diagnosis of the disease has been much
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more common since the development of ultrasound,
computerized axial tomography (CT), and mag-
netic resonance imaging (MRI). Nowadays more fre-
quently asymptomatic and often low-stage tumors
are routinely detected with the use of modern imag-
ing techniques (see Chap. 4). This raises questions
about the extent of surgery that is performed with
curative intent.

Surgical resection of renal cell carcinoma remains
the only effective therapy available in the manage-
ment of this disease. Other treatments such as radio-
therapy, cytotoxic drugs, or immunotherapy are not
very effective and the gold standard therapy for kid-
ney cancer is radical nephrectomy. Classically this
procedure is performed through an abdominal inci-
sion, allowing early ligation of the renal artery and
vein with subsequent removal of the kidney and
adrenal gland within an intact Gerota’s fascia. Sev-
eral aspects of these surgical guidelines remain
controversial. There is no definite proof that a simple
nephrectomy is less optimal than a radical
nephrectomy, that an en bloc lymph node resection
improves survival, or that an adrenalectomy has to
be performed in every radical nephrectomy. More
recently it has become questionable whether the
same treatment has to be applied in patients with
large locally advanced tumors as in those with small
incidentally diagnosed lesions. As in other surgical
disciplines, the concept of radical surgery has been
challenged, and more conservative surgery that
spares a certain amount of the organ but offers the
same results with respect to tumor control and sur-
vival has been proposed.

6.2
Kidney-Sparing Surgery

6.2.1
Rationale

The number of clinically detected incidental renal
cell carcinomas is increasing. This recent evolution
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has become an important factor in the improvement
of survival of patients with renal cell carcinoma
(THOMPsON and PEEK 1988; TosAaka et al. 1990).
Several reports of excellent results after kidney-
sparing surgery in an imperative situation have been
published. The term “imperative nephron-sparing
surgery” is used when a radical nephrectomy for the
same tumor would result in renal failure necessitat-
ing peritoneal or hemodialysis, as in patients with a
solitary kidney, patients with bilateral tumors, and
those with poor function of the contralateral kidney
(Novick 1995). More recently some investigators
have reported early results of conservative surgery
for small kidney cancers in the presence of a normal
contralateral kidney. This represents an elective in-
dication for conservative surgery.

There is no doubt that even small adeno-
carcinomas of the kidney have metastatic potential.
A watchful waiting policy as proposed by some
(Bosniak 1995) is not justified (Taramo and
SHONNARD 1980). It has been clearly shown that a
small adenocarcinoma of the kidney is not a benign
disease and that a tumor size of <3 cm does not mean
that there is no risk of metastatic disease (ESCHWEGE
et al. 1996).

A certain number of small solid tumors prove
to be benign. Renal oncocytoma, angiomyolipoma,
angiomyoma, metanephric adenoma, and compli-
cated cysts can be found on definitive pathologic
examination without having been recognized prior
to surgery (MoNTIE 1991). Preoperative needle bi-
opsy of kidney tumors has to be avoided. The proce-
dure can result in bleeding or tumor seeding and is
not diagnostically reliable because of the high inci-
dence of false-negative and false-positive results
obtained with this technique (GOETHUYS et al. 1996).
Therefore fine-needle aspiration biopsy of renal
masses is only advocated when there is clinical or
radiologic evidence to suggest a diagnosis other than
primary renal cell carcinoma, such as metastatic dis-
ease, lymphoma, or renal abscess (HERTs and BAKER
1995). If all suspicious solid tumors were to be
treated by radical surgery, a significant number of
kidneys without malignancy would be resected.

As stated above, the number of patients being di-
agnosed with incidental renal cell carcinoma is in-
creasing (Aso and Homma 1992). The routine use or
abuse of ultrasound and CT scan for many medical
conditions may be at least partially responsible
for this higher detection rate (Bosniak 1991) but
there may also be a real increase in the prevalence of
renal cell carcinoma (RITCHIE et al. 1984). In the face
of an increasing number of small, mostly inciden-

H.P. Van Poppel and L. Baert

tally found renal tumors it seems appropriate to
evaluate the feasibility of nephron-sparing surgery,
even in patients who could easily have radical
nephrectomy.

6.2.2
Imperative Kidney-Sparing Surgery

A partial nephrectomy for renal cell carcinoma was
first performed more than a century ago, by Czerny
in 1887 (CzerNy 1890). One had to wait more than
60 years until Vermooten reported on the indica-
tions for conservative surgery in certain renal
tumors (VERMOOTEN 1950). He described the histo-
logic growth pattern of a small clear cell carcinoma
that is well encapsulated and therefore amenable to
local resection. Most renal cell carcinomas are lo-
cated in the upper or the lower pole of the kidney and
this location is also particularly suitable for attempts
at local resection.

For more than 20 years kidney-sparing surgery
has been considered an acceptable therapeutic
option for selected patients with renal cancer
(WickHAM 1975). Major technical advances have
been made in the application of this conservative
surgery. Nowadays it is even possible to locally resect
centrally located tumors that would normally re-
quire radical nephrectomy. This is possible because
of the experience gained with kidney perfusion and
cooling, and with knowledge obtained through ex-
tensive laboratory studies.

Many investigators have reported their experi-
ence with nephron-sparing surgery for imperative
indications (BAZEED et al. 1986; BELUSSsI et al. 1997;
BRISSET et al. 1989; CARINI et al. 1981; C1aNCIO et al.
1994; CoLsTON 1960; GRABER 1991; GRAHAM and
GLENN 1979; JacoBs et al. 1980; JAEGER et al. 1985;
JouaNssoN and WaHLQviST 1981; LicHT and
Novick 1993; MALEK et al. 1976; MARBERGER et al.
1981; MaRrsHALL et al. 1986; MoLL et al. 1993;
MonTiE and Novick 1988; MORGAN and ZINCKE
1990; Novick et al. 1977, 1989; PaLmEeRrR and
SwANSON 1978; PETRITCH et al. 1990; PROVET et al.
1991; ROSENTHAL et al. 1984; SCHARFE et al. 1988;
ScHIFF et al. 1979; SELLI et al. 1991; SMITH et al.
1984; STAEHLER and ERNST 1985; STEINBACH et al.
1991b, 1992; STEPHENS and GRAHAM 1990; TAARI
et al. 1993; TOPLEY et al. 1984; TRASHER et al. 1994;
VaN PoppeL et al. 1986, 1991; VIETS et al. 1977;
ZECHNER et al. 1988; ZINCKE and SWANSON 1992).

The published reports on kidney-sparing surgery
in patients who could not have undergone radical
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nephrectomy have clearly demonstrated the validity
of this surgical approach. The survival data resulting
from the use of this procedure have been excellent.
The 5-year tumor-specific survival rate has been
reported by many authors to be about 88% (CARINI
et al. 1981; LicHT et al. 1994; MORGAN and ZINCKE
1990; STEINBACH et al. 1991a; PETRITCH et al. 1990;
PROVET et al. 1991). One group reported a much
lower 5-year survival rate (67%) but the patients
treated had larger tumors, higher stage at diagnosis,
and the presence of metastatic tumor in lymph nodes
(Brrovic et al. 1997). Those patients who have pro-
gression after imperative conservative surgery often
present metastatic disease that was probably present,
but not yet recognizable, at the time of surgery. A
number of these conservatively treated patients,
however, present with local recurrence that could
have been avoided by performing a radical instead
of a partial nephrectomy. An analysis of all the re-
ports concerning imperative conservative resections
showed that local recurrence occurred in about 7.5%
(0%-12%) (VAN PoppPEL and BAERT 1994).

In these retrospective studies it is difficult to es-
tablish whether the local recurrences were due to
incomplete resections, i.e., tumor persistence (true
local recurrence), or to multifocality of the tumor
(kidney recurrence). One should remember that in
these imperative indications often locally advanced
tumors are treated, with the intention of preserving
sufficient nephrons to avoid hemodialysis. In the
published reports, however, where only patients
with smaller tumors (<4cm) underwent partial
nephrectomy, no local (or systemic) recurrences
were reported (LICHT et al. 1994; VELAGAPUDI et al.
1993). In a comparative study (nonrandomized) of
partial and radical nephrectomy in patients with
small and low-stage tumors, the cancer-specific
5-year survival rates were 100% following kidney-
sparing surgery and 97% after radical nephrectomy
(BUTLER et al. 1995).

The prognosis of tumor progression after kidney-
sparing surgery is generally poor (MORGAN and
ZINCKE 1990). In patients with local or kidney recur-
rence the incidence of simultaneous metastases has
been reported to range from a low of 25% to a high of
67% (BRKOVIC et al. 1994; LicHT et al. 1994). In those
with local recurrence only and without metastases,
the disease should not be considered incurable and
successful salvage surgery has been routinely per-
formed (Brkovic et al. 1997; Novick et al. 1991;
Novick and STRAFFON 1987).

As expected, complication rates in patients
treated with imperative kidney-sparing surgery are
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higher than in those treated by radical nephrectomy.
Complications such as arteriovenous fistula or
pseudoaneurysm formation, urinary fistula, or
bleeding from the partial nephrectomy edges are
known to occur after partial nephrectomy. Radical
nephrectomy, on the other hand, is devoid of these
complications although no comparative study on
hemorrhagic complications is available for review.
Radical nephrectomy and dialysis with possible sub-
sequent transplantation has to be considered as a last
resort for lesions that are anatomically unresectable,
even using an ex vivo technique (MoRrGAN and
ZINCKE 1991).

With the acceptable results of imperative conser-
vative surgery in bilateral tumors or in patients with
solitary kidney, the indications for the use of this
approach have continued to increase over the past
several years. It is now widely accepted that patients
with von Hippel-Lindau disease or hereditary renal
cell carcinoma can be effectively managed by kid-
ney-sparing surgery. There is, however, a need for
close follow-up, because many of these patients will
present with a recurrence (STEINBACH et al. 1995a).
It is debatable whether patients with multifocal and
often bilateral papillary renal cell carcinoma are suit-
able candidates for kidney-sparing surgery. In such
patients we have noted that lesions are disseminated
throughout the kidney and not only located under-
neath the renal capsule (DAL CIN et al. 1996).

One might also propose conservative surgery
in patients with a poorly functioning contralateral
kidney, or even a contralateral kidney in which func-
tion is expected to deteriorate in the future (Mor-
GAN and ZINCKE 1990). By applying these additional
indications, urologists are enlarging the spectrum
of imperative and relative indications for nephron-
sparing surgery to encompass patients with diabetes,
arterial hypertension, and renal artery stenosis
(BERG et al. 1981; RIEDASCH et al. 1996). In view of
the expansion in the indications for conservative
surgery, it is expected that even in the presence of a
normal contralateral kidney this surgical technique
will become more and more popular.

6.2.3
Elective Kidney-Sparing Surgery

The results of kidney-sparing surgery in imperative
situations have demonstrated that this approach can
be cancer curing, even in the case of larger and lo-
cally advanced or centrally located tumors, where
surgery is often very demanding. However, the clas-
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sical selection criteria for nephron-sparing surgery
in an elective setting are relatively narrow and lim-
ited to clinically low-stage tumors that are located
underneath the renal capsule without an obvious
exorenal component. These are exactly the cases
where radical nephrectomy will be curative in nearly
100% of patients while radical surgery would be ex-
pected to have a lower morbidity than a conservative
surgical approach (ZINCKE and SWANsON 1982). It is
therefore mandatory to evaluate the results of an
elective kidney-sparing approach, to discuss the con-
troversies concerning recurrence rates, and to define
the surgical technique to be used in the treatment of
these patients.

Some investigators have been advocating the use
of nephron-sparing resection of the primary tumor
in patients with metastatic renal cell carcinoma
(KrisuNAMURTHI et al. 1996). This will be discussed
in detail in Chap. 7.

6.3
Results of Elective Kidney-Sparing
Surgery

Several medical centers have published treatment
results with nephron-sparing surgery in patients
with a normal contralateral kidney and without any
urologic disease that could lead to renal failure in the
future (BAZEED et al. 1986; BUTLER et al. 1995; LICHT
and Novick 1993; MoLL et al. 1993; SELLI et al. 1991;
STEINBACH et al. 1992; PETRITCH et al. 1990; PROVET
et al. 1991; VAN PoppEL et al. 1991). There are cur-
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rently 13 medical centers that have presented
relevant data on treatment outcomes in patients
managed with nephron-sparing surgery who had
elective indications for this procedure. Some of
these results have already been reviewed (LicHT and
Novick 1993; VAN PoppEL and BAERT 1994; VAN
PoPpPEL et al. 1997). Table 6.1 summarizes the most
recent data in this group of patients.

The data of two reports were not included
(BAzEED et al. 1986; CARINI et al. 1981) since the
same medical centers later reported on a larger
group of patients (STEINBACH et al. 1991b; SELLI et
al. 1991). Eleven out of the 13 reports emerged from
single centers with data that could be compared in
respect of tumor size, follow-up duration, disease-
free survival, and the incidence of local recurrence.
Two other papers reported a multicenter experience
(BELussI et al. 1997; PETRITCH et al. 1990) where
data on tumor size or follow-up or disease-free sur-
vival were lacking. Although these reports represent
a considerable number of patients, they will not be
discussed further. Our own results presented here
are not those earlier reported (VAN PoppEL et al.
1991). Our study was recently updated in order to
include a total of 50 patients treated with nephron-
sparing surgery with the longest mean follow-up
reported.

From single-center reports it can be concluded
that the disease-free survival is nearly 100% and local
recurrences are exceptional events. Among a total of
435 renal cell carcinomas with a mean size ranging
from 2.6 to 4.0 cm treated by nephron-sparing proce-
dures and followed for a mean duration ranging

Table 6.1. Results of elective nephron-sparing surgery for renal cell carcinoma

Number Mean size (cm) Follow-up (mos) Disease-free survival Local recurrence
SELLI et al. (1991) 20 34 31 90% 0
PROVET et al. (1991) 19 2.6 35 100% 0
HERR (1994) 41 3.5 36 95% 1 (2.4%)
LicHT et al. (1994) 17 3.6 38 100% 0
BELUSSI et al. (1997)° 320 <5.0 12-60 ? 5 (1.4%)
BRISSET et al. (1989) 15 3.5 40 100% 0
STEINBACH et al. (1991b) 72 3.2 40 90% 2 (2.8%)
TaARI et al. (1993) 10 3.7 48 100% 0
MoLL et al. (1993) 105 4.0 42 100% 0
PETRITSCH et al. (1990)° 52 ? 42 96% 2 (4.0%)
MORGAN and ZINCKE (1990) 20 3.1 46 100% 0
D’ARMIENTO et al. (1997) 19 3.34 70 96% 0
VaN PoppEL et al. (1991)° 50 3.6 76 100% 0

* Multicenter study.
®Recently updated in 1997.
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from 31 to 76 months, only three (0.7%) patients had
local recurrences. This is a 10 times lower recurrence
rate than that obtained following kidney-sparing
surgery with imperative indications. However, the
mean follow-up in this series is relatively short and
a longer follow-up will be necessary to allow more
accurate assessment of these results (CAMPBELL and
Novick 1995). It is apparent that a proper selection
of patients is at least partly responsible for these
excellent treatment results. In the aforementioned
single-center reports it was not clarified whether the
local recurrences were due to incomplete resections
or to tumor multifocality, the former being an avoid-
able and the latter an unavoidable event.

6.3.1
Arguments in Favor of Elective Kidney-Sparing
Surgery

The first argument in favor of a conservative ap-
proach for an easily resectable tumor suspected to be
renal adenocarcinoma in the presence of a normal
contralateral kidney is the unknown malignant po-
tential of small solid renal tumors (AMENDOLA et al.
1988; BosN1ak 1991; CURRY et al. 1986; FOSTER et al.
1985). While a large oncocytoma may be suspected
on CT scan, and a huge angiomyolipoma will be rec-
ognized without problems on ultrasound or CT, it is
much more difficult to predict the pathologic diag-
nosis of very small solid kidney tumors. As has al-
ready been stated, fine-needle aspiration cytology
(HELM et al. 1983) or biopsy, which has been pro-
posed by some authors (Amis et al. 1987; JuuL et al.
1985), is not advisable when surgery will in any case
be performed (GoETHUYS et al. 1996; KISER et al.
1986; WEHLE and GRABSTALD 1986). Secondly, the
presence of a tumor pseudocapsule, as surrounds
most smaller renal cell carcinomas, makes a
nephron-sparing approach very appealing. It was
shown that the pseudocapsule is intact in 80% of
all renal cell cancers smaller than 7cm (Rocca
RosseTTI 1980). Other investigators have shown that
in more than 90% of kidney cancers there is no
peritumoral infiltration (COSTANTINI et al. 1996).

A third argument for the use of conservative sur-
gery might be the impairment of renal function
caused by radical nephrectomy. The risk of con-
tralateral kidney function loss after total nephrec-
tomy, however, is limited and about two-thirds of
the renal parenchyma has to be removed before
damage is induced in the remaining nephrons
(Novick et al. 1991; WisHNow et al. 1990).
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The fourth but rather weak argument used in
favor of nephron-sparing surgery is the risk of devel-
opment of a metachronous contralateral renal cell
carcinoma. The risk of developing a contralateral
cancer is reported to be 1%-4% (MoNTIE and
Novick 1988). Moreover in these rare cases impera-
tive kidney-sparing surgery could still be performed
in order to avoid the anephric state.

The possible need for cytotoxic treatment for one
or another intercurrent malignancy has been the
fifth argument in favor of the kidney-sparing ap-
proach (VAN PopPEL and BAERT 1992).

The authors, however, believe that the most im-
portant argument in favor of kidney-sparing surgery
for easily resectable tumors and in carefully selected
patients is, as mentioned earlier, the nearly 100%
tumor control rate.

6.3.2
Controversial Issues Concerning Elective
Kidney-Sparing Surgery

The major controversy regarding elective nephron-
sparing surgery is the risk of local recurrence, which
can occur up to 20 years following surgery. Review of
the literature does not permit distinction between
recurrence due to incomplete resection and recur-
rence due to the presence of tumors arising else-
where in the kidney that either were not detected at
the time of surgery or developed subsequently. Both
these situations are related to the multifocal behav-
ior of renal cell carcinoma. The latter situation can-
not be considered a true local recurrence but rather a
“kidney” recurrence.

6.4
Multifocality and Kidney Recurrence

The multifocal nature of renal cell carcinoma has
been well documented in the literature not only in
the case of larger tumors but also in those measuring
3cm or less in diameter. On the one hand there may
be genetically determined tumor multicentricity, as
in von Hippel-Lindau disease and hereditary renal
cell carcinoma and probably also papillary tumors
(DAL CIN et al. 1996, Chap. 3). On the other hand,
sporadic renal cell carcinoma can also present with
secondary or satellite lesions. The reports on the oc-
currence of multifocality in renal cell carcinoma are
summarized in Table 6.2. The wide variation in the
reported occurrence of multifocality is probably due
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Table 6.2. Occurrence of multifocality in renal cell carcinoma
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Author No. of kidneys ~ Secondary RCC: No. (%)  Secondary RCC with primary < 3cm:
examined No. (%)
MUKAMEL et al. (1988) 66 13 (19.7) 2(3)
CHENG et al. (1991) 100 7(7) 0
JACQMIN et al. (1992) 727 53 (7.3) 10 (1.8)
Ova et al. (1995) 108 7 (6.5) 2 (1.9)
KLETSCHER et al. (1995) 100 16 (16) 5(5)
WHANG et al. (1995) 44 11 (25) ?
Ni1SSENKORN and BERNHEIM (1995) 27 3(11.1) 1(3.7)
CHINAGLIA and BELLUSSI (1997) 387 12 (3) 3(0.8)
Total 1559 122 (7.8) 23 (1.5)

to two factors. The first is the completeness of the
pathologic examination of the kidneys, which is dif-
ficult to evaluate in different medical centers. The
second factor is the possible presence of hereditary
or papillary renal cell carcinoma, the incidence of
these conditions not being accurately reported in
different studies. In a recent study the occurrence
of multicentricity was shown not to be related to
pathologic grade of the tumor, tumor stage, the pres-
ence of vascular invasion, or infiltrative tumor pat-
tern (SAIKI et al. 1995).

At the present time it can be anticipated that sec-
ondary renal cell carcinomas will be found in about
8% of patients with renal cancers and in 1.5% of
those with small (<3cm in diameter) primary tu-
mors. This multifocality could then be responsi-
ble for kidney recurrences after nephron-sparing
surgery. As is shown in Table 6.2, however, the
incidence of recurrence is even lower. It should
therefore be acknowledged that the natural history
of a small multifocal renal cell carcinoma remains
undetermined.

Tumor multifocality is an unavoidable problem
when employing kidney-sparing surgery. With the
use of optimal preoperative diagnostic tools such
multifocality will often be recognized prior to sur-
gery. This preoperative recognition of multifocality
allows the surgeon to plan to perform a radical or a
partial nephrectomy, or at the least these important
issues can be discussed with the patient prior to sur-
gery. When a satellite lesion is recognized during
surgery it can still be decided whether a conservative
procedure or a radical nephrectomy is indicated. Fi-
nally, when the multifocal behavior is responsible for
a late kidney recurrence, salvage is still possible with
repeat partial nephrectomy or total excision of the
renal remnant (CAMPBELL and Novick 1994).

In recent studies, examination of the healthy pa-
renchyma surrounding renal cell carcinoma showed
abnormal cells, with abnormal ploidy or altered
expression of tumor-associated antigens being re-
vealed in nearly 60% when compared with the
normal renal tissue (ANTON et al. 1995; Kovacs and
Brusa 1989; EMANUEL et al. 1992). We have been
investigating the origin of chromosomal abnormali-
ties such as trisomy 7 and trisomy 10 that were found
in the healthy parenchyma of tumor-bearing kid-
neys. We have demonstrated that trisomy 7 or 10 is
not present in renal parenchymal cells but in a sub-
type of tumor-infiltrating lymphocytes. We therefore
concluded that the chromosomal abnormalities seen
were not cancer related (DAL CIN et al. 1992, see
Chap. 3). It is apparent that these issues will need
further study because it is of utmost importance to
recognize multifocal tumors or those which are very
likely to become multifocal. This knowledge would
prevent consideration of elective nephron-sparing

surgery.

6.5
Local Recurrence

Local tumor recurrence after partial nephrectomy is
due to tumor persistence during surgery followed by
new tumor growth that becomes detectable during
the period of follow-up. Local recurrence, as would
be expected, is much more common after imperative
nephron-sparing surgery. This difference in the inci-
dence of local tumor control between imperative and
elective cases is not due to the synchronously unsus-
pected tumor or the metachronously developing tu-
mor (which can also develop in the contralateral
kidney) but to the incomplete resection. This occurs
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when larger tumors are treated, which are less well
circumscribed and less easily resectable. Many of
these tumors would, in the presence of a normal
contralateral kidney, not be treated by nephron-
sparing means (Novick 1991). Although small
renal cell carcinomas often have a well-defined
pseudocapsule (Rocca RosserTI 1980), it has been
shown that this pseudocapsule can be absent or
may be incomplete or invaded by adenocarcinoma
(BLACKLEY et al. 1988; MARSHALL et al. 1986;
Novick and STRAFFON 1987; ROSENTHAL et al. 1984;
Van PoppEL and BAERT 1994). A recent histologic
study of the peritumoral tissue after elective organ-
preserving surgery found peritumoral infiltration in
nearly 10% of the resected specimens (COSTANTINI
et al. 1996). Therefore, when tumor resection is not
performed within a safe rim of healthy parenchyma
this can lead to incomplete resection, leaving behind
microscopic residual tumor. Surgeons who perform
simple tumor enucleation will take all precautions to
avoid local recurrence at the resection site by per-
forming frozen section biopsies at the tumor mar-
gins and applying coagulation of the tumor bed with
an infrared sapphire coagulator (BAZEED et al. 1996)
or an argon laser beam (HERNANDEZ et al. 1990;
MORGAN and ZINCKE 1991; STEINBACH et al. 1995b).
The authors are convinced on a theoretical basis that
a simple enucleation is less adequate than resection
within healthy tissue.

6.6
Technical Aspects of Elective
Kidney-Sparing Surgery

The technique of conservative renal cancer surgery
has already been well described in detail elsewhere
(Novick 1987; GRIFFIN and FLANIGAN 1996). Based
on our experience we would like to add some com-
ments on the preoperative workup, the surgery itself,
and the follow-up after partial nephrectomy.

6.6.1
Preoperative Investigations

A renal mass that is suspected to be renal cell carci-
noma and is suitable for conservative surgery in the
presence of a normal contralateral kidney is most
frequently found incidentally on an imaging study
(Chap. 4). Differential diagnosis in such patients in-
cludes the following conditions: (1) atypical or com-
plicated renal cyst, (2) cystic adenocarcinoma, (3)
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oncocytoma, (4) angiomyolipoma, (5) metanephric
adenoma, (6) metastatic tumor, and (7)
pseudotumor. CT scan is the most frequently
performed investigation to assist in the diagnostic
process (AMENDOLA et al. 1988; BosNiak 1991;
FROHMULLER et al. 1987; LEVINE et al. 1989). MRI
has not been found to be superior to CT scan in
predicting the pathologic diagnosis for small renal
neoplasms (LONDON et al. 1989; TE STRAKE et al.
1988). Nevertheless, the role of MRI will probably
continue to increase (SCATTONI et al. 1995, see Chap.
4). MRI has already been found superior to CT in the
evaluation of renal masses in patients with compro-
mised renal function or with a history of allergic
reaction to the contrast media as well as in the as-
sessment of vascular involvement (GSCHWEND et al.
1996).

The importance of imaging studies with MRI
is not limited to the search for the pathologic
diagnosis. A study performed in 54 patients with
renal carcinoma demonstrated the presence of a
pseudocapsule in 66% of tumors measuring 4cm or
less in diameter (YAMASHITA et al. 1996). Therefore
MRI could be very helpful in assisting the urologist
to establish which tumors can be safely treated by
enucleation. Additionally, spiral CT with image
reconstruction and MRI can provide a three-
dimensional picture of the tumor in coronal and
sagittal planes. These three-dimensional images are
found very useful for the selection of patients who
can undergo a safe local tumor resection. The use of
arteriography or digital intravenous subtraction
angiography to investigate the arterial blood supply
can be relevant for kidney-sparing surgery in im-
perative situations, especially for midpole tumors
(Novick 1987). Once major blood vessels supplying
the tumor have been identified, they can be selec-
tively ligated during the surgery, thereby mini-
mizing blood loss and simplifying the procedure
(CampBELL and Novick 1995). The authors believe
that in elective cases knowledge of the vascular
anatomy is of minor interest because these tumors
by definition should always be easily accessible and
resectable.

Providing the patient with essential information
prior to surgery is of major importance. A patient
who undergoes a partial nephrectomy has to be
warned that during the surgery it may become
necessary to proceed with a radical nephrectomy
and should also be aware of the greater need for
a strict follow-up schedule to help to identify
those few patients who present with late kidney
recurrence.
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6.6.2
Surgical Approach and Field Preparation

Laparoscopic wedge resection of small renal tumors
has been performed but its use remains controversial
(McDouGaALL et al. 1993). We continue to believe
that proper surgical resection for renal cell carci-
noma requires open surgical exposure.

All conventional incisions that offer adequate ex-
posure of the upper retroperitoneum can be used for
nephron-sparing surgery. Most investigators recom-
mend the use of an extrapleural flank incision to
the 11th or 10th intercostal space (Novick 1987;
VAN PorppeL et al. 1991). Others have found a
transperitoneal approach appropriate, but in our
opinion this seems less than optimal (MoRGAN and
ZINCKE 1991). The flank incision is preferred be-
cause, once the kidney has been completely mobi-
lized on its pedicle, it can be easily brought out of the
wound. Other advantages of this surgical approach
include easy avoidance of contamination of the peri-
toneal cavity and its consequences should a urinary
fistula develop. Finally, postoperative recovery is
faster after an extraperitoneal approach rather than
a peritoneal approach because of a decreased inci-
dence of postoperative paralytic ileus (CAMPBELL
and Novick 1995).

After the incision has been made, Gerota’s fascia
is opened and the arteriovenous pedicle is dissected
in order that it can be easily clamped off should this
become necessary during surgery. This hilar clamp-
ing is most often superfluous in elective situations
while in imperative indications it is very often used.
It may be performed by the use of simple digital
compression (GRAHAM and GLENN 1979) or by plac-
ing a soft bulldog clamp (MARBERGER 1986). The use
of special clamping devices has also been proposed
(SeLikowIiTz 1995). Routine vascular clamping
should, however, be avoided to prevent secondary
arterial thrombosis, which has been reported
(CarINT et al. 1981). Although some surgeons
have been able to omit renal artery occlusion in
only 10%-20% of cases (CamMPBELL and NovICK
1995), we succeeded in performing elective resec-
tions without vascular clamping in more than 85%
of patients and surface hypothermia was never
applied.

With adequate preoperative studies, it is easier to
establish the tumor location. Approaching the tumor
itself, the entire kidney capsule has to be exposed
and inspected for the presence of secondary tumors
(MonNTIE 1991). The renal capsule should not be
stripped off since nearly all multifocal tumors
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are located immediately beneath the renal capsule
(MukaMEL et al. 1988). Moreover, this would in-
crease morbidity without permitting the detection of
intraparenchymal secondary carcinomas (HoLLAND
1988). Recently some centers have been advocating
the use of intraoperative ultrasonography (AssimMos
et al. 1991; GILBERT et al. 1988; MARSHALL et al.
1992) and color Doppler studies (WALTHER et al.
1994). Although ultrasound can be useful for
intraparenchymal tumors, these are not an ideal in-
dication for elective kidney-sparing surgery. Neither
have we found intraoperative ultrasound to be of any
use in the evaluation of the depth of tumor extension
into the kidney. This information can be obtained by
preoperative three-dimensional imaging with spiral
CT or MRI (CHERNOFF et al. 1994). The perinephric
fat adjacent to the primary tumor has to be left be-
hind on the tumor in order to avoid tumor spill
(Novick 1987, 1993; PAULSON 1988).

6.6.3
Resection and Kidney Closure

In most patients who have elective indications for
conservative surgery, an in situ procedure on a well-
mobilized kidney is easily performed after adequate
dissection of the renal artery and vein. Use may be
made of an ultrasound aspiration dissector, an argon
laser beam, a microwave tissue coagulator, or a con-
tact neodymium-YAG laser. According to some in-
vestigators such techniques offer advantages over
the conventional surgical technique (ADDONIZIO
et al. 1984; HERNANDEZ et al. 1990; KORHONEN et al.
1993; MURAKI et al. 1996). However, we feel that the
application of these newer techniques makes the sur-
gery more time-consuming without offering any real
benefit. There might be an indication for use of these
tools in patients with polar tumors or in those who
are treated with heminephrectomy. For wedge resec-
tion or enucleation resection we believe that conven-
tional surgery is much faster with less risk of losing
the stereotactic feeling about the localization of the
tumor and its depth of penetration into the renal
parenchyma.

Tumor resection should always be attempted
within healthy parenchyma. The tumor has to
be removed with a rim of normal tissue of at least
a few millimeters because of the possibility of
pseudocapsule invasion or its perforation, as has
been mentioned above. Although the available data
do not show a major oncologic benefit for partial
nephrectomy as opposed to simple enucleation (re-
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lying on the intactness of the pseudocapsule), the
latter approach is viewed as unsafe.

Simple tumor enucleation has nevertheless been
performed in many centers, in either imperative or
elective situations (CARINI et al. 1988; C1ANCIO et al.
1994; GRAHAM and GLENN 1979; Kurozumi et al.
1993; MORGAN and ZiNCKE 1991; Novick et al. 1986;
SELLI et al. 1991; STEPHENS and GRAHAM 1990;
TRASHER et al. 1994). Most authors have defended
the use of enucleation by stating that both proce-
dures provide viable treatment options with equal
outcomes in respect of local tumor control and
disease-free survival (CARINT et al. 1981; GRAHAM
and GLENN 1979; JAEGER et al. 1985; MORGAN and
ZINCKE 1990; STEPHENS and GRAHAM 1990). A well-
controlled study, however, has clearly demonstrated
that the limited margins achieved by tumor enucle-
ation should not be recommended even in patients
with pT1 tumors: even in these small tumors the use
of partial nephrectomy should always be recom-
mended in the presence of a normal contralateral
kidney (Kurozumr et al. 1993). These data suggest
that tumor excision with a surrounding margin of
normal parenchyma may be the safest approach to
assure absence of malignancy in the preserved por-
tion of the kidney (LicHT and Novick 1993). We
believe that although enucleation can still be safely
applied in some imperative cases, it should be
avoided in elective settings.

The resection of a tumor with a few millimeters of
healthy parenchyma around the pseudocapsule has
been called enucleoresection (SELLI et al. 1991) or
excavation (VAN PopPEL et al. 1991). While it might
be expected that pure enucleation will be easier to
perform than enucleoresection or excavation, any
advantage in this respect is minimal. It is very easy to
incise the renal capsule with a cold knife at 5mm
around the exorenal part of the tumor. The excava-
tion can then be continued with both sharp and
blunt dissection. Bleeding vessels can be stitched and
when a calix is opened it should be meticulously
closed to prevent urinary fistula. In order to be able
to recognize an open calix it is important to immedi-
ately mark the incised urothelium with a stitch while
proceeding with the excavation. When this is not
performed, the calix will retract and the opening in
the calix cannot be easily recognized once the tumor
has been completely removed. Double-] catheters or
nephrostomy tubes are almost never necessary in
elective nephron-sparing surgery. The injection of
methylene blue into the collecting system may assist
in recognition of an opened calix (PoLASCIK et al.
1995). We are convinced that excavation is the pro-
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cedure of choice in many patients with small renal
tumors (VAN PopPEL et al. 1996). We have no
experience with enucleation followed by the applica-
tion of a sapphire coagulator or an argon laser
beam to the tumor bed (STEINBACH et al. 1995b).
The value of these measures has not yet been clearly
demonstrated.

For larger tumors of the upper or lower pole a
partial nephrectomy will be a safe procedure, while
for larger midrenal tumors a wedge resection is more
advisable. For intrarenal upper and lower pole tu-
mors a polar nephrectomy has also been advocated.

Some authors have suggested use of frozen sec-
tions of the resection margins during the conserva-
tive procedure. This may be indicated in imperative
situations where it is not always possible to obtain
macroscopically safe margins. In elective circum-
stances, however, the tumor should by definition
be easily resectable within normal parenchyma so
that one can easily rely on sufficiency of macro-
scopic margins. We use frozen sections relatively
infrequently, in cases where there is doubt about
resection margins. Other authors, however, con-
tinue to advocate the use of frozen sections to con-
firm the presence of negative surgical margins
during nephron-sparing procedures (CAMPBELL and
Novick 1995; CAMPBELL et al. 1996; LERNER et al.
1995).

In all types of resections control of bleeding can
be easily obtained by oversewing the bleeding arter-
ies and veins. If the blood loss is substantial or it
cannot be controlled readily, the renal artery can be
clamped off (we avoid clamping off the renal vein).
Usually the application of this important measure
takes no longer than a few minutes. We have no
experience in the application of argon laser beam
coagulation, which has been found to be helpful by
others (CAMPBELL and Novick 1995).

Sometimes the defect resulting from tumor re-
moval after pure enucleation or excavation cannot
be closed. It can then be filled up with perirenal fat or
reabsorbable hemostatic dressing. After major exca-
vations, wedge resection, or polar nephrectomy, we
always try to close the renal capsule. It is therefore
important to cautiously plan a fish mouth-like inci-
sion that enables the surgeon the bring the cut edges
together. Rather than using mattress sutures, which
do not allow easy approximation of the edges, we
apply interrupted sutures to close the renal paren-
chyma. These sutures can be tightened with the use
of bolsters of fatty tissue, pieces of striated muscle, or
exogenous material. We have recently gained favor-
able experience with the use of Goretex strips



88

(ZinckEe and RuckLE 1995). Closure of the capsule
should never be performed until the parenchymal
bleeding has been adequately controlled. Indeed,
when arteries or veins are left open there is a high
risk of postoperative development of arteriovenous
pseudoaneurysm and fistula. When, in addition, the
pyelocaliceal system is not closed appropriately, this
can result in severe hematuria necessitating urgent
selective embolization of the affected blood vessel.

One or two suction drains are left behind in order
to prevent the formation of a hematoma or urinoma.
These drains are in most cases removed 3-4 days
after surgery.

Following placement of the drains the perirenal
fat and Gerota’s fascia are sutured, keeping in mind
the possibility of a later reintervention which
may consist in a radical nephrectomy or a second
partial resection. The wound is then closed in
routine fashion.

6.7
Follow-up After Kidney-Sparing Surgery

6.7.1
Early Postoperative Management

In the immediate postoperative period, hemorrhage
is the most common complication. First hemorr-
hage in the wound is possible and will usually be
recognized when the suction drains have been ad-
equately placed. Surgical exploration may then be
indicated. When hematuria occurs, it is very likely
that a vessel in the tumor bed is bleeding into a not
appropriately closed calix. Surgical exploration is
not mandatory in the absence of hypotension or
shock. Patients can best be managed by transarterial
superselective embolization of the feeding vessel of
the pseudoaneurysm. In our initial experience we
have needed interventional radiology 4 times; each
time this modality was successfully applied (see
Chap. 4).

The development of a urinary fistula is very un-
common. We have encountered it once in a patient
who had developed an arteriocaliceal fistula with
blood clots obstructing the ureter and subsequently
giving rise to a urinary fistula. The embolization re-
solved the bleeding and a double-] catheter inserted
for 2 weeks resolved the fistula problem. No cases of
fistula have occurred among the other patients we
have treated with elective kidney-sparing surgery. As
reported by others, the treatment of fistulas is mostly
conservative. Most fistulas resolve spontaneously,
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but some may need endoscopic manipulation, usu-
ally consisting in a temporary ureteral stent place-
ment (CAMPBELL et al. 1994). When there is no
ureteral obstruction most fistulas will not need any
specific treatment.

Renal arterial thrombosis can occur due to lesion
of the intima of the renal artery after clamping of the
vessel during the surgery. Because this complication,
when recognized early, needs immediate reoperation
for correction of the problem, we believe that appli-
cation of a clamp should be avoided whenever
possible in elective nephron-sparing surgery. No
randomized studies have been performed to com-
pare the complication rates after nephron-sparing
surgery and after radical nephrectomy. In general
the complications mentioned will occur only after
nephron-sparing surgery, although a retrospective
analysis reported no significant difference in compli-
cations after radical and after partial nephrectomy
(BUTLER et al. 1995).

Our own experience supports the suggestion of
others that complications occurring in nephron-
sparing surgery can be managed conservatively and
are associated with minimal serious morbidity. The
majority of these complications can be managed
nonoperatively or endourologically.

6.7.2
Oncologic Follow-up

The only patients who are offered nephron-sparing
surgery are those who, in addition to meeting the
strict medical criteria for inclusion, have a clear un-
derstanding of the need for a strict follow-up sched-
ule. As in patients with a solitary kidney or bilateral
tumors, those who undergo partial nephrectomy
there is a need for close monitoring of the residual
renal parenchyma in order to detect promptly any
local recurrence. In the case of local recurrence, ei-
ther because of tumor persistence (positive margins)
or because of a relapse elsewhere in the kidney,
secondary surgical treatment, usually a salvage neph-
rectomy, can still be performed with a high probabil-
ity of success (VAN PoppeL and BAERT 1994).

There is no consensus on which laboratory and
imaging studies should be performed to assess pa-
tients after partial nephrectomy for renal cell carci-
noma. In general, there has not been an established
follow-up schedule for patients with renal cell carci-
noma. At a time when cost-benefit considerations
are interfering in the medical debate, this is becom-
ing an important issue.
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Recent retrospective studies have shown that a
symptom history, serum liver function studies, and
chest radiographs obtained every 6 months for the
first 3 years and then yearly thereafter are sufficient
measures in monitoring of these patients. It has been
suggested that in T1 disease only a symptom history
is necessary (HAFEZ et al. 1997; SANDOCK et al. 1995).
Further investigations by bone scan or CT of the
brain or abdomen are considered to be warranted
only in cases in which a carefully obtained relevant
history and physical examination reveal any suspi-
cious findings (SANDOCK et al. 1995).

Although this very minimal follow-up schedule
might be reasonable, we believe that patients should
be subjected to a more comprehensive workup given
that we are applying a still not generally accepted
treatment for renal cell carcinoma (Buizza et al.
1997). We recommend ultrasound of both kidneys at
3-monthly intervals in the first year following sur-
gery and at 4-monthly intervals during the second
and third years, together with a yearly contrast-
enhanced CT scan. The oncologic follow-up is con-
tinued lifelong with yearly follow-up examinations
which are to include ultrasound and/or CT scan.

6.8
Conclusions and Further Perspectives

Although many urologists still feel reluctant to offer
nephron-sparing surgery to patients with small kid-
ney tumors, recent reports on the use of this ap-
proach indicate that it is really becoming an accepted
treatment modality in properly selected cases, even
in the presence of a normal contralateral kidney.
Summarizing the reports on elective nephron-
sparing surgery, it can be concluded that this type of
surgery can be performed safely and with minimal
associated moribidity. It is, of course, assumed that
the surgeon needs experience and it has been re-
ported that there is indeed an important learning
curve for nephron-sparing surgery (CAMPBELL et al.
1994). Nephron-sparing surgery has now been
proven to be feasible and is curative in a high pro-
portion of carefully selected patients with renal cell
carcinoma. It is the selection of suitable candidates
for this type of surgery that is the most important
key to a successful outcome. Except in cases of von
Hippel-Lindau disease, the tumor should be solitary
and well delineated on CT or MRI without invasion
of the perinephric fat or pyelocaliceal system (T1 and
T2). Although some investigators have been restrict-
ing the size limit for nephron sparing surgery to 4cm
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(LERNER et al. 1996), size is not the most important
selection criterion. Rather the most important re-
quirement for successful application of nephron-
sparing surgery is that the tumor is easily resectable.
This means that it should be at least partly exorenal.
It is not good policy to take any risk concerning the
surgical margins by embarking on particularly diffi-
cult procedures. There is a great need for optimal
preoperative diagnostic workup which should in-
clude imaging studies with CT scan and/or MRI
During the surgical procedure the entire kidney
should be explored in order to detect possible
multifocality. The tumor must be resected within a
rim of healthy parenchyma; simple enucleation
is not indicated. Excavation or enucleoresection,
wedge resection, or partial nephrectomy are the sur-
gical techniques of choice. Finally the patient must
be well informed about the possibility of kidney re-
currence or local relapse and must adhere to a strict
postoperative follow-up schedule.

Under these circumstances a considerable group
of patients will benefit from conservative surgery for
a small renal cell carcinoma in the presence of a
normal contralateral kidney. In order to definitely
establish the role of this approach, a randomized
trial is necessary. Such a trial is being conducted
by the Genitourinary Group of the European Organi-
zation for Research and Treatment of Cancer
(EORTC), in protocol 30904, which is being coordi-
nated by the authors.
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Introduction

Management of metastatic renal cell carcinoma
presents a very difficult problem. Thirty percent
of patients diagnosed with renal cell carcinoma
have metastatic disease at presentation. Following
nephrectomy for apparently localized disease, 50%
of patients will develop progression with the occur-
rence of distant metastases or locoregional recur-
rence. Most of these patients die within 1 year and
the reported 5-year survival rates vary between
0% and 5% irrespective of therapy (SKINNER et al.
1971; MARCcUS et al. 1993; McNICHOLS et al. 1981).
The last century has witnessed the transformation
of the medical profession from one whose primary
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role involved sustaining the patient’s morale and
interpreting the natural history of an illness as it
progressed, to one involved in active intervention as
a sine qua non (OLIVER 1989).

The role of surgery for synchronous or meta-
chronous metastatic disease of renal cell carcinoma
has always been debated although resection of a soli-
tary metastasis can be beneficial to a few patients
only. This issue is even more controversial nowa-
days, when immunomodulating treatments are
proving to have an impact on some patients’ time to
progression and survival. Surgery remains, however,
the only effective treatment for renal cell carcinoma.
Palliative surgical means are nephrectomy in the
presence of metastatic disease, resection of locore-
gional recurrences, and surgery for metastases. The
role of this surgical treatment in improvement the
duration or the quality of survival remains highly
controversial. Before dealing with any rationale for a
surgical approach in metastatic renal cell carcinoma,
some considerations on the occurrence of metastatic
disease and the natural history of metastatic renal
cell carcinoma should be discussed.

7.2
Occurrence and Distribution
of Metastatic Disease

Different pathways of metastatic spread of renal cell
carcinoma are well known (VETTER 1990). First
there is a lymphatic pathway responsible for lymph
node metastases that occur in 17.5%-26% of patients
(DE FORGES et al. 1988; HERRLINGER et al. 1984). The
second pathway is the venous-lymphatic pathway,
where neoplastic cells reach the veins through
intranodal, lymphovascular channels or through the
thoracic duct that empties into the inferior vena cava
(SartcH 1981). The third pathway is hematogenous
tumor dissemination. Renal cell carcinoma is char-
acterized by an affinity to penetrate the small renal
veins. Most classically the neoplastic cells are shed
off into the renal vein to reach the inferior vena cava,
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the right atrium, and the lung. Other cells, however,
can circulate in the spermatic or ovarian vein and
be responsible for metastatic spread along the
ureters, the bladder, and the ovary. Finally, cancer
cells can reach the vertebral veins in Batson’s plexus
and metastasize into the vertebral column, the
thyroid gland, or the central nervous system (SLAVES
1988). The distribution of metastases is related
to these different mechanisms of metastatic spread.

Metastases are often multiple and involve more
than a single organ. In 43%-50% of patients, how-
ever, these metastases are confined to one organ and
in 2%-4% they are solitary (O’DEa et al. 1978). The
organs most commonly involved include: the lungs,
lymph nodes, liver, and bone. Tumor spread to
the heterolateral kidney, the homolateral or hetero-
lateral adrenal, the spleen, the brain, and the heart is
much less common. It is to be noted that nearly
all organs have been involved as metastatic sites in
renal cell carcinoma. Many unusual sites of meta-
static disease have been reported (STENZL and
DEKERNION 1989). Besides the common cerebral
metastases there have been cases reported of meta-
stases to the choroid plexus of the lateral ventricles
(M1zuno et al. 1992), to a cerebellar heman-
gioblastoma in a patient with von Hippel-Lindau
disease (Jamjoom et al. 1992), and to the pituitary
gland (KosHIiYAaMA et al. 1992; NisHIO et al. 1992).
Renal cell carcinoma was also described to metasta-
size to the nose (JouNson and CAMPBELL 1993), into
the masseter muscle (NAKAGAWA et al. 1996), in the
retrobulbar region of the orbit (BERSANT et al. 1994),
the iris (STENZL and DEKERNION 1989), the external
auditory canal (GOLDMAN et al. 1992), the parotid
gland (GUNBAY et al. 1989; OWENS et al. 1989; Coppa
and Oszczakiewicz 1990) the tonsils (GREEN et al.
1997), and the thyroid (ZAHRADKA et al. 1988;
Hupson et al. 1991; MurAaKkaAMI et al. 1993). In the
chest endobronchial metastatic lesions have been
reported (THEMELIN et al. 1990; Yim et al. 1996).
Metastases to the skin were reviewed by WILLIAMS
and HEaNY (1994). Metastases to the abdominal wall
(YANAGIE et al. 1987), to the gallbladder (GOLBEY et
al. 1991), to the pancreas (CARINI et al. 1988; Oka et
al. 1991; STANKARD and KARL 1992; TAKEUCHI et al.
1993; Paz et al. 1996; HiroTA et al. 1996), and to the
ampulla of Vater (LESLIE et al. 1996) have also been
reported. Very often metastases have been found to
be solitary and to have occurred many years after a
nephrectomy. The genitourinary tract was reported
to be the site of metastasis with the urinary bladder
(Nair and LitTLe 1991), the wureteral stump
(SHIMURA et al. 1993; I1MORI et al. 1994), the ureter
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and renal pelvis (MITTY et al. 1987) as well as the
ovary, the epididymis, and the corpus cavernosum.
Involvement of the soft tissues of the hand
(WiTTHAUT et al. 1994) and the index finger
(KIERNEY et al. 1994) and rare skeletal sites such as a
metacarpal of the hand (Kosus et al. 1992) have also
been reported.

Many of these metastatic sites cause symptoms
that are not readily recognized to be related to a
metastatic renal cell carcinoma. The previous history
of renal cell carcinoma should therefore always be
kept in mind when patients are presenting with un-
usual clinical manifestations. Renal cell carcinoma
metastasis are known occasionally to cause symp-
toms of acute cholecystitis (GOLBEY et al. 1991),
intestinal ischemia by arterial embolism (Low et
al. 1989), duodenal hemorrhage by pancreatic
metastases (CALMES and MEYER 1993), bronchial
obstruction (Yim et al. 1996), hypopituitarism
(Kosuryama et al. 1992), hoarseness (GREENBERG
et al. 1992), and even epistaxis (JoHNSON and
CAMPBELL 1993). Since these metastases can occur
more than 20 years after resection of the primary
tumor (Paz et al. 1996), the patient or even the
physician may not be aware of the previous
history of renal cell carcinoma.

Finally, there can be some histopathological
confusion between metastatic renal cell carcinoma
and primary clear cell tumors, e.g., of the thyroid
(SHiMIZU et al. 1995) or a clear cell odentogenic
tumor (EVERSOLE et al. 1995). Specific immuno-
histochemical stainings need to be applied in order
to make an appropriate diagnosis.

7.3
Natural History and Prognostic Factors

The heterogeneous behavior of renal cell carcinoma
in general is well recognized. After nephrectomy
with curative intent, some patients will present early
progression with metastases and death. Others
will be alive for many years without progression of
an untreated primary tumor (HorowITzZ et al. 1993)
and without progression or even with regression
of metastases (GRANT et al. 1997). The unpredictable
natural history of renal cell carcinoma makes
attempts to determine prognostic factors very
difficult.

For renal cell carcinoma in general the tumor
stage, nuclear grade, tumor size, and presence of
venous involvement have been shown to be impor-
tant prognostic factors. Survival of patients is
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probably most related to the local extent of the
primary tumor, determined at the time of surgery
(BassiL et al. 1985). General symptoms such as
anemia, weight loss, and fever are considered unfa-
vorable symptoms and signs. Takahashi found that
the acute phase reactants (erythrocyte sedimenta-
tion rate, increased a,-globulin, and C-reactive
protein increase) are reliable predictors of tumor
progression (TAKAHASHI et al. 1992). More recently,
we have shown that microscopic vascular invasion is
the single most significant adverse prognostic factor
in patients who undergo surgery for presumably
localized nonmetastatic renal cell carcinoma without
lymph node or macroscopic venous involvement
(VAN PorpEL et al. 1997).

In metastatic renal cell carcinoma, prognostic
factors were also studied (DE FORGES et al. 1988). The
most relevant prognostic factors were: performance
status, weight loss, the occurrence of single or
multiple metastases, localization of metastatic dis-
ease in the lung, bone, brain or liver, the size of the
pulmonary metastases, the number of metastases,
and the time of their appearance (DEKERNION 1983).
Hypercalcemia was reported to be an unfavorable
prognostic factor (FAHN et al. 1991). It is very likely
that also the primary tumor characteristics are im-
portant for the prognosis of metastatic renal cell
carcinoma. It has been shown that tumors smaller
than 5cm in diameter without invasion of the
pelvicaliceal system or perirenal fat and with pre-
dominance of clear or granular cells are related to a
better prognosis (GOLIMBU et al. 1986). Others, how-
ever, have suggested that the grade of the primary
tumor has no prognostic value since the metastases
are mostly of poorer differentiation or even of a
different cell type (ARAI et al. 1988).

With so many different prognostic factors it
is impossible to predict an individual patient’s
outcome (RrtcHIE and CHISHOLM 1983). No patient
can be considered cured, even following an appar-
ently successful nephrectomy and having good prog-
nostic factors. On the other hand, no patient with
metastatic disease should be considered in imminent
danger of dying although unfavorable prognostic
factors in this patient category will mostly be corre-
lated with a poor outcome.

In a malignancy such as renal cell carcinoma, with
such a variable natural history, it is extremely im-
portant to take all possible measures to prevent the
occurrence of disease progression or metastatic
tumor spread. We feel that it is insufficiently pointed
out that the primary oncologic surgery remains a
relevant prognostic factor. A discussion on the need
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for lymphadenectomy and resection of the adrenal
gland has been ongoing for many years. It is not
these patients with clinically detected lymph nodes
or adrenal metastases who will likely benefit from
resection. Rather, those who will most likely benefit
from such a resection are patients with microscopic
invasion of lymph nodes where a dissection will not
only be a staging procedure but a curative operation
(SKINNER et al. 1972; GIULIANI et al. 1983). We also
feel that adrenalectomy should be advocated in pa-
tients undergoing radical nephrectomy, certainly in
those having tumors of 5cm or more in diameter.
The incidence of having micrometastatic invasion of
the adrenal in these patients is being estimated at 7%
(L1 et al. 1996). Finally, and this remains debated by
many, the urologic surgeon should attempt primary
control of the artery and vein before manipulating
the tumor, which is actually only possible through a
transperitoneal approach. All these surgical consid-
erations need more emphasis and remain important
mainstays in the appropriate surgery of a renal cell
carcinoma.

7.4
Nephrectomy in the Presence
of Distant Metastases

Many urologists perform nephrectomy for meta-
static renal cell carcinoma although it is obvious that
a nephrectomy alone in a patient with metastatic
spread cannot yield a cure. This was well illustrated
by the results of a questionnaire sent to 55 European
urological centers belonging to the European Orga-
nization for Research and Treatment of Cancer
(EORTC) Genito-Urinary Group. All but two centers
perform nephrectomy for selected patients with
metastatic renal cell carcinoma (VAN POPPEL, oral
communication, 1993).

Since the operation does not aim to cure, nephron-
sparing surgery has been advocated by some authors
(KRISHNAMURTI et al. 1996). In most cases, however,
metastatic renal cell carcinoma will present with a
locally advanced tumor where a conservative surgical
approach is not possible (BRkovicC et al. 1997).

Many urologists attempt to find arguments in or-
der to convince themselves that a patient with meta-
static disease could have a nephrectomy. Either they
pretend to treat symptoms caused by the primary
tumor or want to be sure that the patient has a renal
cell carcinoma and not, for example, a transitional
cell carcinoma. Moreover, psychological factors
make it difficult for a surgeon to leave an informed
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patient with an untreated primary tumor (OLIVER
1989). In fact, the only rationale in favor of a
nephrectomy in the presence of metastasis should
be increased survival or improvement in the quality
of life (FOWLER 1987).

7.4.1
Impact on Survival

Life could be prolonged with a nephrectomy because
the tumor burden is reduced, and thus a possible
source of new metastasis is removed. In studies
comparing nephrectomy versus no nephrectomy
a survival advantage was demonstrated in the
nephrectomy group. It is obvious, however, that only
those patients in good general condition and with
more favorable prognostic factors underwent a
nephrectomy (FLAMM and WOBER 1987). A random-
ized study is the only way to sort out whether
nephrectomy provides any survival advantage.

It has been suggested that nephrectomy can
induce spontaneous regression of metastases. Spon-
taneous regression was first described 70 years ago
(Bumpus 1928) and the reports on this phenomenon
were recently summarized (DE RIESE et al. 1991;
GEBOERS and DEBRUYNE 1992). The overall inci-
dence of spontaneous tumor regression is estimated
to be about 1% (MONTIE et al. 1977; VOGELZANG et
al. 1992; KALLMEYER and DITTRICH 1992; MARCUS
et al. 1993). Spontaneous regression was not only
described for lung and soft tissue metastases but also
in rare cases of metastases to the liver (RITCHIE et al.
1988) and even to the bone (Mims et al. 1966). Spon-
taneous regression of intestinal, subcutaneous, or
skin meta-stases was also reported (FREED 1977).
Nevertheless, the indication to perform a ne-
phrectomy in metastatic patients in order to obtain
spontaneous regression remains dubious, and the
1% chance of spontaneous regression is much lower
than the mortality of a nephrectomy, which in this
group of patients is estimated at 3%-5%. Moreover,
the spontaneous regression of metastatic lesions has
also been reported to occur without surgery
(EDWARDS et al. 1996).

Nephrectomy could potentially enhance a
response to systemic therapy. Both hormone therapy
(progestagens) and chemotherapy (Vinblastin) were
reported to induce a response in about 15% of
patients (BLooM 1973; pEKERNION 1983). One form
of immunotherapy (interferon, interleukin, tumor
necrosis factor, lymphokine-activated killer cells, or
combinations thereof) induces tumor response in
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more than 20% of patients (TYkkA 1981;
BELLDEGRUN et al. 1991; WALTHER et al. 1993;
ATZPODIEN et al. 1993). Although the best results
obtained need confirmation, it remains unproved
that nephrectomy indeed enhances the response to
systemic therapy. Current ongoing trials in collabo-
ration between the South Western Oncology Group
(SWOG) and the EORTC GU group (protocol 30947),
where patients receive either interferon-a alone or
nephrectomy followed by interferon-a, will give an
answer to this important question. Meanwhile, how-
ever, nephrectomy continues to play a role in the
management of patients who are scheduled to re-
ceive systemic therapy (WOLF et al. 1994; FRANKLIN
et al. 1996).

A few years ago immunotherapy with autologous
tumor cells was being advocated. In this setting the
tumor nephrectomy was necessary in order to obtain
the inactivated tumor cells. A similar mechanism
was postulated to occur after angioinfarction fol-
lowed by a nephrectomy, where tumor necrosis
induces tumor antigens that are released and solicit
an immunologic response. In a joint EORTC-SWOG
study one partial and one complete remission were
seen in a group of 64 patients treated (KURTH et al.
1984; GOTTESMAN et al. 1985). A review on this mat-
ter, however, failed to show a benefit of infarction
and/or nephrectomy in metastatic renal cell carci-
noma with respect to survival or metastatic regres-
sion (FLANIGAN 1987).

A final argument to remove the kidney could be
an attempt to resect all tumor, i.e., when a resection
of the primary tumor can be completed with a syn-
chronous resection of a metastatic lesion(s). Many
reports on resection of a solitary metastasis have
shown that this can result in an improved survival
and even long-term tumor control (NEVES et al.
1988). The most important problem with this indica-
tion for nephrectomy is the uncertainty about the
true solitary nature of a metastasis. Since there is no
other adequate therapy yielding better results than
surgery, nephrectomy in the presence of a solitary
metastasis that can be resected at the same time or a
short time after the removal of the primary remains
defendable.

7.4.2
Impact on Quality of Life

A nephrectomy could be proposed as an attempt
to relieve symptoms such as hematuria, pain, or
systemic manifestations. Hematuria from a locally
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advanced primary tumor can be very impressive
and be responsible for flank pain and lower urinary
tract obstruction. Often blood transfusions are
needed to correct severe anemia and the hematuria
itself can be responsible for the patient’s death.
Nevertheless, nephrectomy is not the only available
treatment for this problem since embolization is also
an effective therapy (FLANIGAN 1996). The ischemic
pain that a patient can experience after embolization
can be managed successfully with epidural analgesia.

Flank or abdominal pain caused by the primary
tumor can result from tumor necrosis and hemor-
rhage but also from tumor extension into the skel-
eton or be due to invasion of nerves. In these cases, a
symptomatic improvement could be expected from
a nephrectomy. The surgery however, will likely be
extensive, difficult to perform, and not always
succeed in controlling the pain. Pain caused by neu-
ral or skeletal invasion will indeed often persist after
nephrectomy.

The systemic manifestations of metastatic renal
cell carcinoma are general deterioration, anemia,
anorexia, weight loss, fever, hypertension, and
hypercalcemia. These symptoms, that are partly
paraneoplastic, are very likely to improve after
nephrectomy under the condition that no meta-
stases are present that by themselves are responsible
for the paraneoplastic symptomatology. In a meta-
static patient, these systemic manifestations will
often not be influenced by the nephrectomy unless
metastasis can be treated at the same time.

One could advocate performance of a neph-
rectomy in a metastatic patient in order to prevent
symptoms that could occur later, caused by a non-
treated and growing primary tumor. However, most
of the symptoms can be treated adequately when
they arise, without surgery, and this is therefore not
a valid argument for nephrectomy in metastatic
patients. Nevertheless, metastatic patients who un-
dergo nephrectomy will often experience an obvious
improvement in general condition after resection of
the primary tumor. There is at least a temporary
improvement of the progressive deterioration that
has already started and will continue until death
when no treatment is given. In these patients, the
morbidity (and mortality) of the surgery will have to
be weighed against the general improvement that
may be expected to be highly appreciated by patients
and their families.

Finally, when leaving the primary tumor behind,
psychological factors can decrease the quality of life.
The decision for surgery or surveillance often
depends on the urologist’s ability to talk with a pa-
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tient with advanced cancer, the willingness to inform
the patient on the stage of the disease, and the
arguments to treat or not to treat the primary tumor.
One should keep in mind that a nephrectomy in
advanced stages can be an operation with relevant
morbidity, which also decreases the quality of life for
a certain period. Some patients will be unable to
undergo immunotherapy because of the impact
of the surgery on the general condition (WALTHER
et al. 1993; FRANKLIN et al. 1996; RACKLEY et al.
1994). Only well-designed randomized trials with
quality of life assessment will answer the question as
to the value of nephrectomy in patients with meta-
static disease.

7.4.3
Conclusion

No patient with a renal cell carcinoma and
metastases is cured by nephrectomy alone. Some
patients unexpectedly survive with metastatic dis-
ease for a long period of time. There is still doubt
about the priority of a nephrectomy in metastatic
patients. Therefore, nephrectomy in patients with
metastases will remain a valuable option in just a
small and highly selected group of patients (ABI-
AAD and DEKERNION 1997).

Since obtaining complete tumor regression at the
primary site with systemic therapy is difficult, it may
be preferable to consider a nephrectomy after immu-
notherapy in highly selected patients who have had
a major systemic and local response (MOTZER et al.
1996).

In patients with resectable low-volume metas-
tases a combination of nephrectomy with removal
of all visible metastases can improve the 5-year
survival rate. In patients with nonresectable
metastases, nephrectomy can still be recommended
for those in whom adjuvant experimental therapy
will be used in addition to nephrectomy, in the
framework of prospective clinical trials (FLANIGAN
1986).

Concerning the quality of life, most symptoms
can be managed with means other than surgery.
Besides the morbidity of nephrectomy, many
patients will temporarily fare better. This ultimate
subjective improvement can be extremely important
in patients who, without surgery, are realizing that
they will experience continuous deterioration of
their condition.
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7.5
Locoregional Recurrence

Renal cell carcinoma can involve adjacent organs
and contiguous structures. Direct invasion of the
duodenum, pancreas, spleen, colon, mesentery, dia-
phragm, or liver may occur. Incomplete resection,
which should be avoided by a correct surgical tech-
nique, can result in a local recurrence. When a mac-
roscopically normal appearing adrenal gland or
lymph node is not removed during the radical
nephrectomy, this can be responsible for regional
recurrence.

Patients with locoregional recurrence have less
than 5% probability of survival after 5 years and
therefore most of them will die before a local recur-
rence can become clinically relevant (DEKERNION
et al. 1978). Recently, however, the use of computed
tomography in the follow-up of patients after radical
nephrectomy has resulted in a sharp increase in the
incidence of early detection of local or regional re-
currences. This early detection permits for frequent
successful surgical intervention.

7.5.1
Incidence

Although local recurrence rates following neph-
rectomy of 35% and more have been reported in the
radiologic literature (ALTER et al. 1979), it is accepted
that after surgery for renal cell carcinoma pathologic
stage T2 or T3, the incidence of local recurrence
should be about 2.5% (GIULIANI et al.1990).

Patients with invasion of the lymph nodes have
a high risk of locoregional relapse (PHiLLIPS and
MESSING 1993). After a properly performed radical
nephrectomy, including resection of the adrenal and
lymph nodes, the incidence of local relapse is
expected to be very low. For T4 lesions and sarco-
matoid tumors, however, there appears to be an
increased risk of leaving residual disease in the renal
fossa, responsible for local recurrence.

We are convinced that routine lymphadenectomy
can reduce the incidence of local recurrence. This
is indeed our own experience. In our medical center
nearly all patients undergo routinely lymph-
adenectomy. Since we have participated in EORTC
protocol 30881 where patients are randomized to
have a radical nephrectomy with or without lymph-
adenectomy, we were able to follow a number of
patients in whom the lymph nodes were left behind.
Two out of 36 patients who had no primary lymph
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node dissection presented nodal recurrence and died
within 2 years of diagnosis despite secondary resec-
tion. Late recurrences in the persistent adrenal gland
are also well documented (OzGu etal. 1993; MAEDA et
al. 1996). Nevertheless, it was recently suggested that
adrenalectomy is mandatory only in the case of large
upper pole lesions or abnormal-appearing glands on
computed tomography scan and magnetic resonance
imaging (MOTZER et al. 1996). It was clearly shown,
however, that micrometastatic adrenal invasion,
which will be responsible for local recurrence when
the adrenal is left behind, is present in 7.5% of the
tumors of >5cm in diameter (L1 et al. 1996). More-
over, a local recurrence emerging from the remain-
ing gland, was shown to have the worst prognosis
(TANGUAY et al. 1996). While adrenalectomy during
radical nephrectomy is an easy procedure, a delayed
adrenalectomy presents a difficult problem. There-
fore we agree that in the absence of long-term data to
suggest otherwise, the practice of removing the adre-
nal gland as part of radical nephrectomy should
continue (BELLDEGRUN et al. 1991).

Adjuvant radiotherapy to the renal fossa after
radical nephrectomy has been advocated (STEIN et
al. 1992; Kao et al. 1994). A randomized trial, how-
ever, showed that postoperative radiotherapy in
nephrectomized patients with a high risk of local
recurrence is without beneficial effect on the relapse
rate and survival (KJAER et al. 1987).

7.5.2
Treatment

Patients with local recurrence following radical
nephrectomy have a poor prognosis, with less than
15% probability of 1-year survival after diagnosis of
recurrence. Surgical resection of a recurrence in the
renal fossa is the only effective treatment that can be
advocated when the lesion can be totally removed.
The results of the use of other treatment modalities
such as immunotherapy or chemotherapy are very
poor. Radiation therapy can be used as a palliative
treatment for symptomatic local recurrences in
patients who are not operative candidates. Surgery
is, however, the preferred treatment whenever fea-
sible (CAMPBELL and Novick 1994).

The literature about resection of locally recurrent
renal cell carcinoma is very scarce. Our own experi-
ence is limited to four patients. Surgery for local
recurrence is a major procedure but can be justified
in highly selected patients. The largest series of cases
reported also showed that invasion of contiguous
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organs is common and that very extensive resection
and reconstructive surgery are frequently needed. In
most cases this kind of surgery, which can include
partial hepatectomy or pancreatectomy, splenec-
tomy, resection of part of the diaphragm or the
abdominal wall musculature and vena cava, and
small or large bowel, has a considerable morbidity
and considerable perioperative mortality (ESRI1G et
al. 1992). Even when the recurrence is considered to
be the only tumor site, its resection often will not in-
fluence the patient’s survival. In some patients,
however, a prolonged disease-free survival can be
obtained and this alone can justify the use of this
aggressive approach in properly selected cases. The
use of neoadjuvant immunotherapy needs to be
investigated.

We believe that prevention of local recurrence is
the most important issue. As already mentioned,
(neo)adjuvant radiation therapy will not improve the
incidence of local control. The objective of primary
surgery is a total tumor removal and the surgeon
should not take any risks concerning the resection
margins. Primary splenectomy, distal pancrea-
tectomy, or colonic resections are easily feasible. A
preventive lymphadenectomy and adrenalectomy
will lower the incidence of regional recurrences.

Once a local recurrence occurs in the presence of
metastatic disease successful treatment becomes
anecdotal. Some investigators have advocated the
use of immunotherapy with salvage surgery to be
successful in an individual patient. Those rare
patients who have benefited from this approach have
had only pulmonary metastases (FLEISCHMANN and
Kim 1991). Patients with metastases and local recur-
rence have an extremely poor prognosis. It has even
been suggested that immunotherapy is not very ef-
fective in patients with retroperitoneal recurrence.
The role of this approach should be further defined.

7.6
Surgery for Metastases

7.6.1
General Considerations

An aggressive approach for the management of
solitary metastases of renal cell carcinoma was
advocated since case reports on prolonged survival
after this type of approach were reported. Already
in 1939, a 23-year survival was reported after
nephrectomy and excision of a solitary metastasis
(BARNEY and CHURCHILL 1939) but probably only
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1%-3% of patients with renal cell carcinoma have
solitary metastases. The incidence of solitary
metastasis reported by various authors was 1.6%
(MIDDLETON 1967), 2.5% (O’DEA et al. 1978), 3.2%
(Toria and WHITMORE 1975), and 3.6% (SKINNER et
al. 1971). These investigators demonstrated that sur-
vival rates of 35%-50% can be achieved in conjunc-
tion with aggressive surgical therapy. It is of
importance to note that these results were obtained
before the use of the more effective systemic thera-
pies that are currently available. As expected, there
must be an important selection bias since only pa-
tients with good performance status were selected
for additional surgery for metastatic disease (ABI-
Aap and pEKERNION 1997). Interesting 3- and 5-
year survival rates obtained after excision of solitary
metastases were reported by a number of investi-
gators (GEBOERs and DEBRUYNE 1997). The 5-year
survival rates ranged from a low of 13% to a high of
50% (Kruco et al. 1977; GoLiMBU et al. 1986;
DINEEN et al. 1988).

Pulmonary metastases are considered to be op-
timally suitable for surgical treatment. The same
metastatic site has been reported to respond best to
the available immunomodulating agents. The appli-
cation of surgical resection for solitary pulmonary
metastasis was reported to result in a 5-year survival
rate of 35% (TorL1iAa and WHITMORE 1975).

The most important question is how to identify
patients with tumors whose biologic activity is com-
patible with an extended life expectancy. A number
of adverse prognostic factors have been recognized.
Some of these factors are related to the primary tu-
mor, others are host-related factors, and still others
are related to the type and location of metastasis.
Prognostic factors related to the primary tumor are:
nuclear grade, tumor stage, histologic type and tu-
mor ploidy (GILCHRIST et al. 1984; MARRONCLE et
al. 1994; SELLI et al. 1983; LJUNGBERG et al. 1986).
The host-related adverse prognostic factors include:
poor performance status, weight loss and other signs
of nutritional deficiency, elevated sedimentation rate
and other acute phase reactants, increased serum
calcium, high interleukin-6 levels, and elevated
serum ferritin (KozLowskr 1994). A synchronous
presentation of metastatic disease is less favorable
than a metachronous occurrence of metastasis
(MALpAzYs and DEKERNION 1986; NEVES et al. 1988;
TALLEY et al. 1969). Although this has not been con-
firmed by other investigators, the authors of one
study found that a subsequent development of
metastasis did not affect the prognosis provided
that all metastatic lesions were aggressively treated
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(GoLiMBU et al. 1986). Survival is also related to the
interval between nephrectomy and the development
of a metachronous metastasis, a more favorable
prognosis being associated with a prolonged interval
(GoLIMBU et al. 1986; MALDAZYS and DEKERNION
1986). The presence of residual tumor in the renal
fossa was also demonstrated to be of adverse prog-
nostic significance (DEKERNION et al. 1978). Finally,
pulmonary metastases have a better prognosis than
all other metastatic sites (DEKERNION et al. 1978;
MaLpazys and DEKERNION 1986). The observa-
tion that patients with pulmonary metastasis have a
better outcome than those with metastasis to other
organs has not yet been explained. One possible
explanation is that lung metastasis can be detected
and treated early and cause less general deterioration
than metastasis to other sites.

The analysis of published data on resection of
solitary metastases has major drawbacks. All the
studies are retrospective and concern small numbers
of patients but most of these reports contain at least
some patients who benefited from the use of an
aggressive surgical approach. It is to be noted that
those metastases with small tumor volume tend to
be confined to the lungs. Cure after a resection of
metastatic deposit remains uncommon although
surgery can be justified for highly selected patients
(VAN PoppPEL and BAERT 1996).

7.6.2
Surgery for Different Metastatic Sites

Surgery has been the most effective treatment in pa-
tients with pulmonary metastasis. Other organs also
can present solitary metastatic deposits and are ame-
nable for surgical resection. For some metastatic
sites the use of radiotherapy has been advocated (see
Chap. 10). The combination of these two treatment
modalities and immunotherapy will need further
investigation.

7.6.2.1
Lung Metastasis

The lung is the most common site of tumor spread
of renal cell carcinoma. When a small solitary
metastasis appears it might be followed conserva-
tively in order to see whether it progresses rapidly, in
which case systemic treatment is considered. It has,
however, been shown that, when the tumor doubling
time is long, resection of the metastatic lesion can
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improve the patient’s prognosis (FUKUDA et al. 1987;
OkuBo et al. 1993). The most important factor influ-
encing survival is the completeness of resection
(PoNTES et al. 1989; POGREBNIAK et al. 1992; JET et
al. 1993). Some investigators demonstrated no differ-
ence in survival among patients with single versus
multiple pulmonary metastases provided they
were completely resected (POGREBNIAK et al. 1991;
ToBisu and KAKIGIE 1990; FOURQUIER et al. 1997).
Most pulmonary metastases are amenable to a wedge
resection. A margin of 1-2cm of healthy pulmonary
parenchyma is considered to be sufficient (KERN et
al. 1987) while lobectomy and pneumonectomy are
rarely indicated. In patients with bilateral pulmo-
nary metastases, staged thoracotomies or sterno-
tomy can be used. Thoracoscopic wedge resection
may play an increasingly important role in the future
management of pulmonary metastasis.

Since the patients reported in the literature had a
good performance status and good pulmonary func-
tional tests, the mortality and the morbidity of pul-
monary resection of metastases were very low. Good
surgical indications are therefore most important in
maintaining a low incidence of treatment toxicity.

The management of other intrathoracic meta-
stases has been described. An endobronchial
metastasis was treated endoscopically (THEMELIN et
al. 1990). Metastases to the pleura are not that un-
common but are in fact not amenable for surgical
therapy. Involvement of the heart, pericardium, and
diaphragm has also been reported but surgery has a
limited role in their management (BENNINGTON and
KRADJIAN 1967). Aggressive treatment for solitary
pulmonary metastasis should be considered in pa-
tients with good performance status, in those with a
primary tumor treated curatively, and in the absence
of other metastatic involvement.

7.6.2.2
Adrenal Gland

The occurrence of metastasis in the adrenal gland
is so common that radical nephrectomy has been
defined as an en bloc resection of the kidney, the
perirenal fat, and the adrenal gland. Although adre-
nal metastases occur most frequently in patients
with upper pole lesions, no tumor location in the
kidney, tumor size, or tumor stage is completely free
of this metastatic involvement. Micrometastatic
invasion of an adrenal gland that was left behind
following nephrectomy is probably responsible for
late tumor recurrences. When there is a suspicion of
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metastatic disease in a primarily resected ipsilateral
orin a contralateral adrenal gland and in the absence
of other metastatic lesions, a resection should be
proposed. A secondary adrenalectomy on the same
side as the primary tumor can be difficult while a
contralateral adrenalectomy is a much easier pro-
cedure to perform. Before undertaking the adre-
nalectomy, the patient should be informed of the
need for lifelong replacement therapy. The prognosis
of patients with metachronous adrenal metastasis
is relatively poor (TANGUAY et al. 1996).

7.6.2.3
Skeletal Metastasis

Renal cell carcinoma metastatic to the skeleton most
commonly involves the spine and flat bones. These
metastatic sites are not easily amenable for surgery
and palliative radiotherapy should be considered
(see Chap. 10). In 8%-12% of patients bone
metastases are localized in the long bones, where
surgical treatment could be offered (KaTzZNER and
ScHVINGT 1990). Frequently severe pain that is
caused by the presence of lytic lesions may lead to a
diagnosis of metastatic renal cell carcinoma. If the
pain problem is not addressed in these patients in a
timely manner, pathologic fractures may result. Sur-
gery for the treatment of metastasis to the bone aims
to improve the quality of life by relieving pain and
permitting recovery of function (LANGER et al. 1997).
For this purpose orthopedic surgery using Ender’s
nailing, hip or shoulder arthroplasty, Kiintsher nail-
ing, bone cement, and methylmetacrylate are used.
The results of these symptomatic approaches are
good as regards pain relief and function recovery. In
patients with disease in long bones postoperative
radiotherapy should be applied following surgical
therapy.

Patients with multiple skeletal metastases gener-
ally have a poor prognosis. The median survival for
patients with multiple skeletal metastases is approxi-
mately 1 year irrespective of the therapy used in their
management.

In contrast, about 30% of patients with solitary
bone metastasis survive 5 years (SWANSON et al.
1981). Solitary bone metastases, however, are very
rare (HENRIKSSON et al. 1992). Curative surgery is
extremely rare but was reported by some investiga-
tors (HosHI et al. 1991). A resection of a pelvic bone
lesion and a lesion in the femur was described, re-
sulting in no evidence of disease after 6 and 14 years
after treatment, respectively (MARUOKA et al. 1990).
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Also a resection of a lumbar vertebra was attempted
with good local results but the patient died of other
metastatic disease (STENER 1989). Embolization of
vertebral metastases for spinal compression can ob-
viate the need for surgery and has been applied with
success by some investigators (O’RELLY et al. 1989).

Most skeletal metastases can only be treated
palliatively and radiotherapy will be the treatment of
choice. Radiotherapy will be effective in obtaining
pain relief in a majority of patients (NIELSEN et al.
1991). A cure by radiotherapy of a solitary bone
metastasis has not been reported. We have seen one
female patient with a metastatic lesion in the calca-
neus, explored by the orthopedic surgeon and lead-
ing to the diagnosis of renal cell carcinoma. The
patient had local radiotherapy and underwent subse-
quent nephrectomy. She is now at 4 years after treat-
ment without evidence of disease. Therefore, the
finding of a solitary bone metastasis from renal
cell carcinoma should not by itself be considered a
sufficient reason for withholding therapy.

7.6.2.4
Brain Metastasis

Brain metastases secondary to renal cell carcinoma
are mainly located within the cerebral hemispheres
(DELATTRE et al. 1988). Common clinical presenta-
tion includes: headache, motor deficit, seizures, and
disorientation (DECKER et al. 1984). More recently,
however, brain metastases of renal cell carcinoma
are more often detected in the preclinical stage dur-
ing rigorous follow-up with the use of CT scan or
MRI. Brain metastases can be solitary and have been
described as late as 18 years after radical neph-
rectomy (RADLEY et al. 1993).

Whole brain radiation therapy in association with
corticosteroids is an acceptable palliative treatment
for patients with multiple metastases. Surgery
for tumor removal is frequently recommended,
particularly in patients with a larger single cerebral
metastasis (WRIGHT 1987; WRONSKI et al. 1997). It
was suggested that the use of postoperative irradia-
tion can improve local tumor control (DECKER et al.
1984; SAwWAYA et al. 1994; BADALAMENT et al. 1990).

For selected patients with metastases that are not
accessible or unsuitable for open surgery, stereotac-
tic radiation surgery has become an attractive option
(see Chap. 10). This new treatment approach may
replace open surgery in the future (LuTz et al. 1988;
FurLLer et al. 1992). The prognosis of patients
with brain metastases from renal cell carcinoma is
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poor but surgery and radiation therapy in patients
with good performance status will contribute to
improved survival and better quality of life (DECKER
et al. 1984).

7.6.2.5
Liver Metastasis

While the liver can be invaded by direct tumor exten-
sion, the hepatic parenchyma can also be the site of
solitary or multiple metastases. The prognosis of
patients with hepatic tumor spread is worse than that
of those with pulmonary, cerebral, or skeletal
metastases. Therefore, these patients need to un-
dergo a particularly thorough evaluation before
surgery is considered as a therapeutic option
(KozLowsKI 1994). At the time of surgical explora-
tion the use of intraoperative ultrasonography
is imperative. During tumor resection at least
a 1-cm normal tissue margin needs to be obtained,
or if this is impossible, a lobectomy has to be
performed. Selective preoperative embolization or
chemoembolization has been successfully applied in
selected patients (SOULEN 1994). A hepatic local re-
section or lobectomy can be facilitated by the use of
ultrasonic aspiration dissectors or argon or neody-
mium-YAG laser beams (KozLowsKI 1994).

7.6.2.6
Pancreatic Metastasis

The pancreas has been shown to be the only site of
metastatic disease of renal cell carcinoma in less than
1% of patients. Several cases have been reported
where a partial pancreatectomy or duodeno-
pancreatectomy was successfully  performed
(CaLMes and MEYER 1993; TAKEUCHI et al. 1993;
Oxka et al. 1991; GoHj1 et al. 1990; CARINI et al. 1988).
One patient was reported to develop pancreatic
metastasis 17 years after radical nephrectomy
(STANKARD and KARL 1992). A review of the litera-
ture on the use of surgery for pancreatic metastasis
demonstrated that prolonged survival can be
achieved in properly selected patients. The extent of
surgery should be determined following the localiza-
tion of metastasis. There is an obvious need for an
adequate surgical margin and in appropriate cases
care should be taken to preserve enough pancreas to
maintain its normal endocrine function.

H.P. Van Poppel and L. Baert

7.6.2.7
Thyroid Gland Metastases

The thyroid gland is not a common site of metastasis
in patients with renal cell carcinoma, with only some-
what more than 100 cases having been reported
in the literature. This literature was recently
reviewed (HuDsoN et al. 1991). In one patient, a
metastatic lesion was diagnosed 11 years after radical
nephrectomy (ZAHRADKA et al. 1988). In patients
with thyroid metastasis who present with hoarseness,
swallowing difficulties, or a palpable mass, a total or
subtotal thyroidectomy can be performed. Histologic
examination of a metastatic lesion can present a
problem due to the difficulty in distinguishing it from
a primary clear cell carcinoma of the thyroid. Postop-
erative irradiation is recommended in patients with
close surgical margins (KozLowsx1 1994).

7.6.2.8
Parotid Metastasis

The parotid gland is infrequently a site of metastasis
of renal cell carcinoma (Copra and OSZCZAKIEWICZ
1990; GUNBAY et al. 1989; OWENS et al. 1989). In one
reported patient, parotid metastasis appeared 8
years after nephrectomy (OWENS et al. 1989). Those
investigators recommended the use of superficial
parotidectomy with preservation of the facial nerve
in selected patients with solitary lesions.

7.6.2.9
Other Metastatic Sites

Surgical treatment for very unusual metastatic sites
has been described with most of the reported cases
presenting with multiple lesions which were diag-
nosed by excisional biopsy. The vast majority of
these patients are expected to have a poor prognosis
irrespective of treatment used in their management.
The use of systemic therapy should be investigated
since surgery alone will only rarely provide long-
term disease-free survival (KozLowski1 1994).

7.7
University of Leuven Experience
with Solitary Metastases

Between 1983 and 1993, 373 radical nephrectomies
were performed for renal cell carcinoma in our
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medical center. Of the 373 patients, 18 (4.8%) had
a presumed solitary metastasis at the time of
nephrectomy. Table 7.1 provides the sites of meta-
static disease and the outcome in this group
of patients. The seven patients presenting with pul-
monary metastases were not treated surgically.
Radiotherapy alone was used in the management
of five patients with a skeletal metastasis. Adrenal
metastases were present in four patients who were
treated with resection at the time of radical
nephrectomy. Two patients presented with thyroid
or cutaneous metastasis. It should be pointed out
that one of the seven patients with a pulmonary
metastasis who received no specific therapy has no
evidence of disease at 5 years since diagnosis. One of
the five patients presenting with metastatic lesion to
the calcaneus was treated with radiotherapy and has
no evidence of disease at 4 years posttreatment.

Table 7.1. Solitary metastases in 18 patients at diagnosis

Organ Outcome
Lung (n=7) 6:CRD < lyr
L:NED 5yr
Bone (n = 5) 3:CRD < 1/2yr
1:CRD 3yr
1I:NED 4yr
Adrenal (n = 4) 2:CRD < 1yr
1:NED 3yr
1:NED 8yr
Thyroid (n = 1) 1:NED 3yr
Skin (n =1) 1:CRD < 1/2yr

NED, No evidence of disease; CRD, cancer-related death.
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An additional two patients who underwent adren-
alectomy for metastasis are without evidence of
disease at 3 and 8 years posttreatment, respectively,
and a patient who was treated by a subtotal
thyroidectomy also is without evidence of disease at
3 years posttreatment.

In the same period of time, 19 patients developed
solitary metastatic disease from a few months to 8
years after radical nephrectomy. The time of appear-
ance of metastatic disease, the treatment used, and
the outcome are summarized in Table 7.2. The thy-
roid gland was the only organ thought to be involved
in six patients and they survived 1 to 6 years after the
resection. In the group with solitary pulmonary
metastases, one patient remained without evidence
of disease at 4 years after interferon-vinblastine
therapy and one patient had no evidence of disease
for the same period after lobectomy. One patient
developed a metastatic bone lesion 14 years after
surgery and was treated with intramedullary nail. He
unfortunately died of an unrelated disease. These
metastatic cases again demonstrated the unpredict-
able behavior of metastatic renal cell carcinoma.

7.8
General Conclusions

The controversy on the use of nephrectomy for
metastatic renal cell carcinoma will remain until ran-
domized trials can provide answers to a number of
critically important questions. Radical surgery for

Table 7.2. Management of solitary metastases diagnosed following nephrectomy

Site No. Time of presentation Treatment Outcome
after nephrectomy

Thyroid (6) 1 lyr Resection NED 3yr

5 3-4yr Resection CRD 1-6yr
Lung (4) 1 lyr IFo-VLB NED 4yr

1 <lyr None CRD < 1yr

1 <lyr Radiotherapy CRD 3yr

1 5yr Lobectomy NED 4yr
Bone (4) 1 lyr Radiotherapy CRD < 1yr

1 15mos Radiotherapy CRD < 1yr

1 4yr Radiotherapy CRD 6yr

1 14yr Osteosynthesis NCRD
Pancreas (2) 1 4yr Resection CRD 2yr

1 8yr Biopsy CRD 2yr
Adrenal (1) 1 lyr Resection CRD < 1yr
Pleura (1) 1 3yr None CRD < 1yr
Spleen (1) 1 <lyr None CRD < lyr

NED, No evidence of disease; CRD, cancer-related death; NCRD, not cancer-related
disease; IFa- VLB, interferon-a-vinblastine.
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locoregional recurrence will have to be considered in
patients with good performance status and favorable
prognostic factors. Palliative resections in selected
cases can provide prolonged disease-free survival
and better quality of life of these patients. There is
enough evidence that the excision of solitary
metastases may result in long-term survival not only
in patients with pulmonary metastasis but also in
those with other metastatic sites. The outcome in all
these patients will be determined more by the tumor
and host-related prognostic factors than by the treat-
ment modality used in their management. Since
successful treatments of selected cases of metastatic
renal cell carcinoma have been well documented in
the literature, routine follow-up of patients treated
with radical nephrectomy is required. Further clini-
cal research on the value of combined therapeutic
strategies is the main challenge for urologists or
radiation and medical oncologists who are taking
care of renal cell carcinoma patients.
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8.1
introduction

In our medical center, transcatheter embolization
of renal cell carcinoma is a well-accepted vascular
interventional procedure that is, however, gradually
being applied less frequently. A recent survey in
Britain and Ireland (1992) confirms the general
abandonment by urologists of transcatheter em-
bolization as a routine component of management
of renal malignancy. In this survey only 35% of the
responding urologists believed that embolization
had a role, namely for palliation of bleeding and pain
in cases where surgery would be otherwise inappro-
priate. An earlier similar survey in 1983 indicated
that 60% of urologists still employed the em-
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bolization technique at that time (LANIGAN et al.
1992).

This decrease in the frequency of application of
this procedure is probably related to the advent
of new imaging methods like computerized tomo-
graphy, magnetic resonance imaging, and ultra-
sound, which have significantly improved the
probability of early detection of renal cell carcinoma.
The result is a diminished number of patients
presenting with advanced (and therefore sometimes
inoperable) renal cell carcinoma. Another contri-
buting factor is the fact that selection criteria nowa-
days are much stricter than they were a decade ago,
when all hypervascular tumors larger than 2 cm were
considered suitable candidates for embolization
prior to nephrectomy (STOESSLEIN and MUENSTER
1991).

The above-mentioned evolution is also reflected
by the abundance of literature on this subject in the
late 1970s and 1980s, with scarce reports being
published in the 1990s.

8.2
Indications

8.2.1
Preoperative Embolization

Indications for preoperative embolization are as
follows:

1. Large tumors with extension into the renal hilum,
which can render difficult the dissection of this
area and subsequent clamping off of the renal
artery. Complete renal artery embolization re-
duces perfusion of all larger tumors, regardless
of vascularity (BakaL et al. 1993). Embolization
must be complete to be effective and includes
the treatment of all identified accessory renal ar-
teries and possible hypertrophic tumor-induced
retroperitoneal tributaries. Preoperative emboli-
zation might make the resection more difficult by



112

making the pulsation of the renal vessels more
difficult to feel (LANIGAN et al. 1992).

2. Tumors with invasion of the renal vein or inferior
vena cava and associated secondary elevated
venous pressure. These patients are at higher risk
for capsular venous bleeding (KAUFMANN et al.
1992). Another contributing empirically derived
reason (personal communications with Prof. R.
Oyen) is formation of postembolization tumor
clot retraction, which makes it easier to extract
tumor thrombus and therefore can prevent a
cavotomy.

8.2.2
Palliative Embolization

Indications for palliative embolization are as follows:

1. Hematuria, spontaneous bleeding or intolerable
pain, associated with an unresectable tumor. In
the majority of patients massive hematuria is the
main indication for this procedure.

2. Unresectability of the tumor, as determined by
diagnostic imaging, or the presence of distant
metastases.

3. Inoperability of the patient because of cardiac,
pulmonary, or cerebrovascular disease, i.e.,
increased risk associated with anesthesia or
surgery.

4, Patients with paraneoplastic syndromes which
may be life endangering, such as severe
hypercalcemia.

The criteria for effectiveness in palliative emboli-
zation may be symptomatic improvement, decreased
tumor size (assessed with follow-up CT scan), and
prolonged survival. Whether palliative embolization
has any beneficial effect on prolongation of survival
remains controversial. KAUFMANN et al. (1989)
initially reported exceptionally successful prolonga-
tion of survival (mean survival time 3 years) in
six patients with renal carcinoma with metastases
after palliative embolization by capillary occlusion
with Ethibloc. In a subsequent report, however
(KAUEMANN et al. 1992), the authors concluded that
no change in the natural history of the disease was
found. In spite of this finding, in their experience the
outcome of patients without metastases compared
very well with the results of radical nephrectomy
performed in patients at comparable stages of renal
cell carcinoma. PARK et al. (1994) presented their
single center experience concluding that renal cell
carcinoma patients with stage III disease have rela-
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tively longer survival after embolization, and in these
patients symptomatic relief may improve the quality
of life.

A new but still experimental concept is the combi-
nation of intra-arterial chemotherapy and peripheral
embolization of the arterial supply to the tumor. This
could be indicated for tumor nodules in a solitary
kidney and for recurrent retroperitonal tumor
(KAUFMANN et al. 1992).

8.2.3
Postoperative Embolization

The indication for postoperative embolization
after partial nephrectomy is bleeding, which can
manifest itself by ongoing or increasing hematuria,
persisting or episodic hypotension, and flank bruits.
Ancillary studies (such as computerized tomography
and ultrasound) may suggest bleeding at the surgical
site.

Selective renal embolization is performed if one
or more of the following signs of renal vascular
injury are seen:

1. Contrast extravasation

2. Pseudoaneurysm formation

3. Arteriocalyceal and arteriovenous
formation

fistula

We prefer the use of micro coils which are
released via a coaxial catheter system. This allows
embolization with optimal conservation of the renal
parenchyma (Fig. 8.1).

8.3
Contraindications

Relative contraindications to renal cell carcinoma
embolization are as follows:

1. The presence of renal infection such as chronic
pyelonephritis ’
2. A renal artery disease of the contralateral kidney

8.4
Embolization Procedure

8.4.1
Timing and Patient Preparation

In order to minimize the probability of postocclu-
sive ischemic symptomatology, preoperative embo-
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b

Fig. 8.1. a Large pseudoaneurysm in combination with early
venous opacification of the renal vein and inferior vena cava
after partial nephrectomy for renal cell carcinoma. b Selective
embolization of the feeding artery was performed using two
micro coils, thereby preserving the renal parenchyma
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lization is usually performed 24h before the planned
nephrectomy. Because of the severity of pain com-
monly induced by the embolization, the procedure is
performed under epidural anesthesia. To eliminate
the relatively rare risk of renal abscess formation
after embolization, patients receive antibiotics
before, during, and after embolization. Elimination
of asymptomatic bacteremia or infection of the
upper genitourinary tract may prevent a potentially
life-threatening renal abscess from developing,
which could be a potential risk in the palliative group
of patients (TUPPER et al. 1986).

8.4.2
Treatment Technique

An extensive angiographic evaluation, including
aortography and selective hepatic and bilateral selec-
tive renal arteriography, is performed to delineate
the tumoral vascular anatomy and to assess the
frequent collateral blood supply to the tumor. The
aim of embolization is a peripheral capillary
occlusion in combination with a more central occlu-
sion of the renal artery at or close to its division into
segmental vessels, but at a safe distance from its aor-
tic origin.

The renal artery is selectively catheterized with a
5-Fr catheter via a transfemoral approach. In most
cases a sidewinder (Simmons I or II) or cobra con-
figuration will be optimal for catheterization of the
renal artery. In the event of an early bifurcation, it
may be necessary to selectively catheterize each
branch. If a correct and stable position of the guiding
catheter is achieved, a coaxial system with a
microcatheter is introduced.

8.5
Embolic Materials

8.5.1
Polyvinyl Alcohol Particles

Polyvinyl alcohol particles (150-250pum) (Ivalon,
Contour Co.) are suspended in pure contrast ma-
terial, and slowly injected with a 1-ml tuberculin
syringe under fluoroscopic control.

Blood flow assists in peripheral embolization, and
relative stasis of flow is the endpoint. In the case of
rapid arteriovenous shunting (which is illustrated
by opacification of the renal vein immediately after
contrast injection) larger polyvinyl alcohol particles
can be safely used (600um), since tumor vessels,
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even in the event of early shunting, are seldom lager
than 100um in diameter. There are nonresorbable
particles especially useful in the palliative group of
patients.

8.5.2
Gelatin Sponge

Gelatin sponge (Gelfoam, Spongostan) is an alterna-
tive peripheral embolization agent that can be cut
into small cubes (1-3 mm); these are loaded in a 1-ml
tuberculin syringe that is subsequently filled with
contrast media and injected into the catheter. It is
important to realize that this is a resorbable
embolization agent, which gives only temporary suc-
cess. Therefore it is more commonly used in the
preoperative group of patients.

8.5.3
Glue (Bucrylate)

The second step is administration of a mixture of
tissue adhesive (acrylic glue) which can be mixed

Figure 8.2 ab. Renal angiography and preoperative
embolization in a 56-year-old male with severe hematuria and
nonmetastatic renal carcinoma. a Selective renal arteriogram
of the right kidney shows a large hypervascular tumor extend-
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with iodized oil (Lipiodol). This is usually diluted
in the ratio 1:2 in a 2-ml syringe. The coaxial inner
catheter is peripherally positioned, and slowly
withdrawn under fluoroscopic control. Prior to the
application, the inner catheter is rinsed free of blood,
using a 40% glucose solution. The aim of this
procedure is to fill with the embolus the intrarenal
vascular system at the level of the subsegmental
arteries. An attempt is made not to use this material
in the proximal part of the main renal artery, since
the risk of reflux into the aorta is too great (Figs. 8.2,
8.3).

8.5.4
Steel Coils

The third and final phase may be a central occlusion
with deployment of steel coils (diameter range of
3mm, 5mm, or 8mm) in order to occlude the main
renal artery. Care must be taken to place the coils
distally enough (usually 2-3cm) to allow the sur-
geons to tie off the artery at surgery.

ing beyond the renal capsule. b Control after embolization
with Ivalon and Histoacryl-Lipiodol at the level of the
subsegmental arteries. Note stagnation of contrast and disap-
pearance of capillary blush in the tumor
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Fig. 8.3. a Selective angiography of a hypertrophic capsular
artery of the upper pole. b Control angiography after
embolization with Ivalon and Histoacryl-Lipiodol

8.5.5
Ethanol

Ethanol is a powerful embolic agent, but its use en-
tails a relatively high risk of inadvertent reflux. A
total of 0.5ml/kg of absolute ethanol can be injected
into the renal artery. The limitation is the systemic
effect of alcohol. It can be rendered radiopaque with
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iodized oil (Lipiodol). Ethanol produces thrombosis
of the renal vascular bed and subsequent infarction
of the neoplasm and kidney. It is safer to use a bal-
loon catheter simultaneously. The use of this cath-
eter increases the local concentration of alcohol,
decreases the total dose necessary to produce
infarction, and minimizes the risk of reflux. Potential
hazards of ethanol use such as infarction of the colon
(MuLLiGAN and EspiNosA 1983) (reflux in the infe-
rior mesenteric artery) or testes (SINILUOTO et al.
1988) have been described.

8.5.6
Ethibloc

Ethibloc is an “occlusion gel.” The characteristic
properties of Ethibloc are high viscosity, low speed of
intravascular transportation, sufficient radiodensity,
and the possibility of occluding arteriovenous
shunts.

8.5.7
Detachable Balloons

Detachable balloons are expensive and infrequently
used devices primarily because of their relatively
high cost. Additionally the use of these balloons re-
sults only in central occlusion, further limiting their
application in the clinic.

8.6
Treatment Complications

The most common complications of renal artery
embolization are pain and the postemobolization
syndrome. This syndrome consists of fever,
leukocytosis, nausea, and vomiting. It occurs in
nearly all patients and can last 1-5 days. To prevent
pain the embolization procedure is always per-
formed under epidural anesthesia. To prevent infec-
tious complications the procedure is covered by
intravenous administration of antibiotics before,
during, and after the procedure. Hypertension
occurs in many patients during embolization and
may last 2-4h.

Fever can persist for 2 months due to tumor
resorption. Unintentional embolization with the
polyvinyl alcohol particles, gelatin sponge, ethanol,
and steel coils is always a potential hazard of
embolization.
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A large retrospective study by LAMMER et al.
(1985) showed that in 121 renal tumor embolizations
with four different embolic agents (Gelfoam, Ivalon,
ethanol, and coils) the mean complication rate was
9.9%, with a mortality of 3.3%.

8.7
Results

During a 5-year period between January 1992 and
December 1997, 26 patients with renal cell carcinoma
were referred to our department for embolization.
This group consisted of six females whose age ranged
from 53 to 80 years and 20 males whose age ranged
from 34 to 84 years. This procedure turned out to be
technically successful in all patients.

In the group of 20 male patients, 16 (80%) were
treated preoperatively. Tumor was infiltrating the
renal vein and vena cava in 11 of these patients. The
remaining four (20%) male patients were treated
palliatively for massive hematuria. The four pallia-
tively treated patients showed no recurrence of
hematuria during the period of observation ranging
from 1 week to 3 months.

Of the six female patients, four (67%) were treated
preoperatively. Two of the four treated patients had
tumor thrombus extending into the inferior vena
cava. The remaining two patients treated pre-
operatively had hypovascular tumors which on
histopathologic examination were diagnosed as an
angiomyolipoma and a transitional cell carcinoma,
respectively.

An additional two female patients were treated
palliatively. No technical complications were
recorded in our patients. One of the treated male
patients with myocardial disease developed acute
pulmonary edema following the embolization.

There were four male patients who presented with
bleeding after partial nephrectomy. All four patients
were successfully treated with embolization utilizing
minicoils.

Two males presented with a combination of
pseudoaneurysm and arteriovenous fistula; one
patient had an isolated pseudoaneurysm and the
second presented with bleeding. Embolization was
again successfully applied in the treatment of these
four patients.

L. Stockx and H. Raat: Preoperative and Palliative Embolization

8.8
Conclusions

Preoperative transcatheter arterial embolization of
renal cell carcinoma has been shown to achieve a
reliable breakdown of the peritumoral vasculature.
This treatment met the surgical requirements for
excision of very large tumors associated with abun-
dant retroperitoneal tributaries. Embolization was
particularly useful in those patients with tumors
infiltrating the renal vein and inferior vena cava. The
clinical efficacy of palliative embolization in those
patients without metastatic disease may be com-
parable to palliative nephrectomy. Patients who pre-
sent with bleeding at the surgical site after a partial
nephrectomy will very likely benefit from the use of
embolization.

A successful outcome of embolization requires a
meticulously applied technique and good com-
munication between urologist and interventional
radiologist.
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9.1

Introduction

Of the 28 800 new cases of renal cell carcinoma (RCC)
diagnosed in 1997, approximately 10000 will present
with metastatic disease at the time of diagnosis
(PARKER et al. 1997). For these patients the progno-
sis is poor, with an estimated median survival of less
than 1 year and an overall 5-year survival of less than
20% (SCHWARTZENTRUBER et al. 1991). Spontane-
ous remissions of metastatic lesions have on rare
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occasions been documented to occur after removal
of the primary neoplasm (MONTIE et al. 1977). This
documented fact provided one of the first insights
into the importance of the immune system in the
recognition and destruction of neoplastic cells.
There are currently no successful chemotherapy
agents for RCC; therefore protocols designed to ex-
ploit and modulate the immune system are currently
the mainstay of metastatic RCC treatment. Multiple
strategies for treatment, both FDA approved and
experimental, exist and include infusional biologic
response modifiers, adoptive immunotherapy in-
volving transfer of cells with antitumor activity, and
active immunotherapy which includes gene therapy,
vaccine therapy, and monoclonal antibodies. Che-
motherapy still has a role, albeit small, in the treat-
ment of metastatic RCC but it primarily represents
an option for palliation.

9.2
General Principles of Inmunotherapy

The three primary cell types involved in the immune
response include B and T lymphocytes, which classi-
cally mediate the humoral and cellular responses
respectively, and professional antigen-presenting
cells of the monocyte-macrophage lineage known as
dendritic cells. Antigen-presenting cells activate T
lymphocytes through the T-cell receptor in an MHC
restricted (CD8+/class I and CD4+/class II) mecha-
nism. Subsequent activity of T lymphocytes is either
directed by direct contact with target cells or via
secreted cytokines (BRACIALE et al. 1987; TOWNSEND
and BODMER 1989; UNANUE 1992).

Cytotoxic, CD8+, T lymphocytes have been shown
to secrete interleukin-3, interferon-y, and GM-CSF.
CD4+ T lymphocytes are described as either Th1 or
Th2 and secrete multiple cytokines and growth fac-
tors. Manipulation of these T lymphocytes and their
products is the main goal of current immunotherapy
protocols. In addition to the T lymphocytes, natural
killer cells and lymphokine-activated killer cells con-
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stitute the effector arm of the immune response.
These cells contribute to the constant surveillance
and elimination of tumor cells. Successful immuno-
therapy protocols sensitize these effector cells
to tumor antigens and produce a cytolytic
response at the site of the cancer. The three major
mechanisms by which this goal may be accom-
plished are: (1) direct infusion of immunos-
timulants, (2) adoptive immunotherapy with passive
transfer of immune cells with antitumor activity
to the tumor host, or (3) active immunotherapy by
vaccination with tumor cells containing genes or
immunostimulants or by transfection of tumor cells
with genetic material that results in a cytolytic
immune response (gene therapy).

9.3
Biologic Response Modifiers

9.3.1
Recombinant Interleukin-2

High-dose recombinant interleukin-2 (rIL-2) was
approved for treatment of metastatic RCC in 1992
and remains the only agent approved for this indica-
tion (FYEE et al. 1995; ROSENBERG et al. 1994; ATKINS
etal. 1993). rIL-2 does not act directly on tumor cells
but activates immune effector cells which then target
neoplastic tissues (ROSENBERG 1988). Initial studies
with rIL-2 alone performed at the National Cancer
Institute demonstrated an overall response rate of
18% and this has been confirmed by multiple other
investigators (ROSENBERG 1991; WEST et al. 1987;
FisHErR 1988; ROSENBERG et al. 1989a, 1994;
BukowskaI et al. 1990b; GEERTSEN et al. 1992; WEIss
et al. 1992; ATKINS et al. 1993). Table 9.1 summarizes
the major clinical investigations of rIL-2 in meta-

Table 9.1. Representative clinical trials of rIL-2 for the
treatment of metastatic RCC

Authors Year Patients Response
WEST et al. 1987 40 32%
FISHER 1988 35 16%
ROSENBERG et al. 1989a 54 22%
BUKOWSKI et al. 1990 41 12%
ROSENBERG 1991 60 18%
GEERTSEN et al. 1992 30 20%
WEISss et al. 1992 94 18%
ATKINS et al. 1993 71 17%
ROSENBERG et al. 1994 143 20%
Total 568 20%
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static RCC. When these studies were combined, an
overall response rate of approximately 15% (com-
plete and partial responses) was demonstrated for
high-dose rIL-2 (FYFE et al. 1995). The median sur-
vival for patients with metastatic RCC is approxi-
mately 40 months for those achieving complete
responses and 24 months for those achieving partial
responses. Additionally many of the complete re-
sponses are highly durable, with 5 or more years’
survival. The cumulative experience with rIL-2 has
also led to identification of patient characteristics
that are associated with favorable responses to
therapy with rIL-2: good clinical performance status
and either lung, lymph node, or small-volume extra-
hepatic abdominal disease.

Use of rIL-2 is associated with significant side-
effects which are dose-related and reversible. rIL-2
increases capillary membrane permeability and
subsequent fluid and colloid losses into soft tissues
(ROSENSTEIN et al. 1986; SIEGEL and Puri 1991;
BELLDEGRUN et al. 1987, 1993a; WEBB et al. 1988).
The most serious side-effect is prerenal azotemia
with resultant hypotension, pulmonary edema, renal
failure, and fluid retention. Myocardial infarction,
gastrointestinal bleeding and perforation, and death
may also occur. Less serious but common side-
effects include fever, chills, erythroderma, mental
status changes, thrombocytopenia, tachyarrythmias,
and fluid retention. The majority of these side-effects
are spontaneously reversible and resolve within 72h
of discontinuing treatment. Rosenberg has estimated
the mortality from therapy at 4% but has also shown
that this number declines as greater experience is
obtained in using rIL-2 therapy (ROSENBERG et al.
1989a; BUuKOWSsKI et al. 1990b).

Given the host of serious yet reversible toxicities
from rIL-2 therapy, researchers have devised
multiple dosing regimens. These regimens include:
high-dose intravenous (i.v.) bolus, low-dose iv.
bolus, low-dose subcutaneous, and continuous i.v.
YANG et al. (1994) compared multiple dosing sched-
ules in 260 patients in a randomized trial. This trial
compared 720 000 international units (IU)/kg/i.v. bo-
lus every 8h (high-dose i.v. bolus group), 720001U/
kg/i.v. bolus every 8h (low-dose i.v. bolus group),
and a subcutaneous arm 5 days each week similar to
Lissont et al. (1994). The objective response rate was
21% in the high-dose i.v. bolus group compared to
11% in the low-dose i.v. bolus group. Duration of
response was significantly greater in the high-dose
i.v. bolus group. Toxicity was also greater in the high-
dose i.v. bolus group, with more than 50% of patients
experiencing significant toxicities requiring treat-
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ment of hypotension compared to less than 5% in the
low-dose i.v. bolus group. In the subcutaneous arm
the response rate and toxicities were similar to those
in the low-dose i.v. bolus group. Accrual and follow-
up continue on this trial.

High-dose continuous infusion of rIL-2 is fre-
quently used in Europe at doses near 18 million
IU/m’ per day. Initial results revealed similar re-
sponse rates to those achieved using high-dose bolus
infusion, but with reduced toxicity profiles (WEST
et al. 1987). In a multicenter trial, 57 patients with
metastatic RCC were given continuous infusion of 18
million IU/m’ per day for 120h followed by 6 days of
rest prior to a further 108h of therapy (VAN DER
MAASE et al. 1991). An overall response rate of 16%
was reported, with two complete responders. Despite
three treatment-related deaths the authors reported
improved tolerance, with no requirement for moni-
toring in the intensive care unit. Subsequent
studies confirmed the response rates of 15%-20%
(GEERTSEN et al. 1992; WEIss et al. 1992) but it is still
difficult to demonstrate that continuous infusion
high-dose rIL-2 provides a significant benefit to pa-
tients over bolus infusion except that toxicities ap-
pear to be lessened. Two concerns with delivering
rIL-2 by continuous infusion are that serum levels
may not approach the maximal tolerated dose and
the frequent need to decrease infusion rates second-
ary to hemodynamic toxicity. A better understand-
ing of the dose-response relationship is required
before the implications of these data can be fully
evaluated. Overall, high-dose i.v. bolus therapy with
rIL-2 appears to be the most effective regimen for
metastatic RCC in terms of response rate, duration of
response, and overall survival. However, therapy
with rIL-2 is associated with significant toxicities
that can be avoided by experienced clinicians with
adequate monitoring of patients.

9.3.2
Recombinant Interferon-o

Crude preparations of interferon-a have been avail-
able since 1980 and by 1983 early clinical trials
reported objective responses to intramuscular injec-
tion in patients with metastatic RCC. Independently,
researchers at the University of California, Los Ange-
les (UCLA) and at the M.D. Anderson Cancer Center
reported regression of metastatic tumor with the
partially purified product (DEKERNION et al. 1983;
QuEsADA et al. 1983). At UCLA, objective responses
were seen in 7/43 (16%) evaluable patients with a
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median duration of response of approximately
9 months, while at the M.D. Anderson Cancer Center
13/50 (26%) patients had objective responses with
a median duration of response of approximately
8 months. Since then multiple studies, using purified
recombinant interferon-a (rIFN-a) have demon-
strated an objective response rate from the treatment
of more than 900 patients in 13 clinical trials
of 18.4%, and response durations from 6 to 10
months; however, complete responses are rare
(Grriitz et al. 1996; FicLiN and Gitritz 1997).
Table 9.2 summarizes the major clinical trials using
rIFN-a in the last decade. The optimal dose schedule
has not been determined, with responses of good
quality (6-10 months’ duration) documented when
rIFN-a was administered in various dosing regi-
mens. Published data suggest that a dose of 10-20
million IU per day produces optimal response rates
with single-agent rIFN-a therapy (WIirTH 1993).
Unfortunately, the impact of single-agent rIFN-a on
overall survival in patients with RCC has not been
demonstrated.

As with rIL-2, certain clinical variables appear to
predict the likelihood of response to rIFN-a therapy.
Patients with good performance status, prior
nephrectomy, and nonbulky pulmonary and/or soft
tissue metastases, who are asymptomatic or who
exhibit minimal symptoms, have a higher likelihood
of response (MINASIAN et al. 1993; Muss 1988;
SARNA et al. 1987). Response rates of up to 30% and
response durations of greater than 27 months have
been observed in a select subset of patients who have
excellent performance status, prior nephrectomy,
and no previous therapy. In contrast, patients with
unresected primary RCC, extensive prior treatment,

Table 9.2. Representative clinical trials of rIFN-a for the
treatment of metastatic RCC

Authors Year Patients Response
DEKERNION et al. 1983 34 16.5%
QUESEDA et al. 1983 19 26%
NEIDART et al. 1984 33 15%
FIGLIN et al. 1985 23 13%
QUESEDA et al. 1985 50 26%
KIRKWOOD et al. 1985 30 23%
UMEDA and N1jiMa 1986 226 17.7%
Fossa et al. 1986 18 33%
Muss et al. 1987 97 7%
SARNA et al. 1987 65 14%
CREAGAN et al. 1988 29 34%
FIGLIN et al. 1989 18 26%
MINASIAN et al. 1993 159 10%
Total 801 20%
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and bulky metastases are less likely to respond
(Muss et al. 1987).

Side-effects of rIFN-a therapy include fever,
chills, myalgia, anorexia, and headache. These are
usually associated with initial dosing and improve
spontaneously with continued administration. Occa-
sional reversible hepatic and hematologic changes
are encountered, but they, too, usually abate without
necessitating change in dosing schedules.

The prognostic findings predicting survival in pa-
tients with RCC suggest that those who benefit may
have prolonged survival due to the inherent natural
history of their tumor. Tumor biology may provide
additional factors associated with responsiveness to
rIFN-a therapy. Evidence suggests a correlation
between rIFN-a responsiveness and expression of a
kidney-restricted glycoprotein, gp-160, in tissue
culture (NaNUS et al. 1990). Further explanations for
variable sensitivity may be found in rIFN-a-
regulated gene expression. Renal cell carcinoma cell
lines sensitive to rIFN-a show a down-regulation of
epidermal growth factor receptors upon exposure,
while cell lines resistant to rIFN-a show no regula-
tion of their epidermal growth factor receptors
(E1sENKRAFT et al. 1991). Ongoing studies are evalu-
ating both the clinical and the biologic parameters
that may predict responsiveness to rIFN-a therapy.

9.3.3
Combination Therapy with Recombinant
Interferon-a and Interleukin-2

Combination therapy is a mainstay of most success-
ful chemotherapeutic regimens. This concept can be
reasonably applied to therapy with biologic response
modifiers as immune surveillance and destruction of
tumor is a multistep process involving numerous
cytokines and immune cells. While both rIL-2 and
rIFN-« produce response rates of 15%-20% as single
agents for metastatic RCC, the responses to rIL-2 are
considered of “greater quality” based on number of
complete responders and duration of responses of
several years. This response, however, comes at a
greater price in terms of systemic toxicity, which
limits the number of patients eligible for therapy.
Murine tumor models have shown that the com-
bined administration of rIL-2 and rIFN-a yields
synergistic antitumor effects (CAMERON et al. 1988;
ROSENBERG et al. 1988; CHIKKALA et al. 1990). These
biologic agents have different mechanisms of action,
with rIL-2 being an immune modulator and rIFN-a
having some direct antiproliferative effects (NANUS
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et al. 1990; FIDLER et al. 1987; MULE et al. 1987).
The administration of rIFN-o. may augment the
immunogenecity of tumor cells by enhancing ex-
pression of major histocompatibility antigens and
tumor antigens, making them more susceptible to
rIL-2-stimulated T lymphocytes (WAN et al. 1987;
HERON et al. 1978).

Initial trials of combination therapy at the Na-
tional Cancer Institute (NCI) demonstrated an over-
all response rate of 31%; however, the rIL-2 was given
in escalating i.v. bolus doses similar to single-agent
rIL-2 bolus therapy (ROSENBERG et al. 1989b). Since
then trials of combination immunotherapy have em-
phasized low-dose, outpatient-based regimens with
lower toxicity profiles. Table 9.3 is a summary of
major phase I and II trials of therapy combining
rIL-2 and rIFN-a. The data available to date from
1200 patients treated with this combination collec-
tively demonstrate an objective response rate of
20% and a complete response rate of 5%. Responses
have occurred at all disease sites including bone,
primary tumors, and visceral metastases, and
have been observed in patients with bulky tumor
burdens. Since 1988, 52 patients at UCLA have been
treated with combination therapy and the results
compare favorably with high-dose bolus rIL-2
administered alone: the overall response rate was
25%, the median duration of response was 23
months, and the median duration of survival was
greater than 34 months (FIGLIN et al. 1992;

Table 9.3. Representative clinical trials of combination of
rIL-2 and rIFN-a for the treatment of metastatic RCC

Authors Year Patients Response
ROSENBERG et al. 1989b 35 31%
BupD et al. 1989 12 8.3%
LEE et al. 1989 5 0%
ATZPODIEN et al. 1990 17 36%
BERGMAN et al. 1990 10 20%
KIRCHNER et al. 1990 17 29%
MITTLEMAN et al. 1990 18 22%
HirscH et al. 1990 15 40%
BUKOWSKI et al. 1990a 20 15%
SzNoL et al. 1990 7 43%
FIGLIN et al. 1992 52 25%
THOMAS et al. 1992 34 6%
SPENCER et al. 1992 22 5%
BupD et al. 1992 21 10%
ILsoON et al. 1992 34 12%
VOGELZANG et al. 1993 42 12%
LIPTON et al. 1993 39 33%
ATKINS et al. 1993 28 11%
ATZPODIEN et al. 1995 152 25%
Total 580 20%
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HrusHESKY et al. 1990; FALcONE et al. 1993;
SPARANO et al. 1993). In general the frequency of
response with this modality is equivalent to or
greater than that reported with rIL-2 alone, and
durable complete responses are reported with both
regimens; however, no large properly performed ran-
domized trial has directly compared the efficacy of
rIL-2 alone versus combination of rIL-2 and rIFN-a.

Several studies have also investigated the combi-
nation of rIL-2, rIFN-a, and 5-fluorouracil for
metastatic RCC. In one study, the combination of
these three agents resulted in an overall response rate
of 45% with only moderate toxicity (SELLA et al.
1994). A recent study using this regimen (rIL-2 s.c.
20MIU/m’, rIFN-ac 6-9MIU/m’ 5-FU 750 mg/m’)
demonstrated an overall response rate of 39% with
11% complete responses (LoPEz HANNIEN et al.
1996). Stratification of these patients by risk factors
disclosed a significant survival advantage with this
combination compared to single-agent rIL-2 in
patients at low and intermediate risk. Further confir-
mation of these data and additional toxicity infor-
mation are still needed. The addition of other
chemotherapeutic drugs such as vinblastine, doxo-
rubicin, floxuridine, and BCNU does not alter the
response rate or the duration of response but does
result in significant hepatotoxicity and myelosup-
pression (FIGLIN etal. 1985; Fossa et al. 1986; Muss et
al. 1985; CREAGAN et al. 1994; HomMA and Aso 1994).

A combination regimen that has demonstrated
synergistic antitumor effects in vitro against several
RCC cell lines is the combination of rIFN-a with cis-
retinoic Acid (CRA). Results of a phase II trial using
this combination in 44 patients with metastatic RCC
demonstrate a 30% response rate in 43 evaluable
patients with three complete responses and ten
partial responses (MOTZER et al. 1995). The median
response duration was 22 months. This combination
may provide additive therapeutic benefits when com-
pared to rIFN-a alone and currently a multicenter,
randomized phase III trial is directly comparing the
effect of rIFN-« alone with rIFN-« plus CRA.

9.3.4
Recombinant Interferon-y and Recombinant
Interleukin-12

Interferon-y, either as a single agent or in combina-
tion with rIFN-a therapy, has been disappointing,
with little or no improvement over single-agent
rIEN-« or rIL-2 (ELLENHORST et al. 1994; RINEHART
et al. 1986; QUESADA 1987; SAYERS et al. 1990;
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ERNSTOFF et al. 1990). Recombinant interleukin-12
(rIL-12) is currently under investigation in phase I
trials in patients with metastatic RCC. Recombinant
IL-12 is thought to induce the expression of
other cytokines, chemokines, and their receptors
(WIGGINTON et al. 1996). In vitro and animal data
suggest that pulses of rIL-2 in combination with rIL-
12 additively enhance the priming of macrophages
for nitric oxide production in culture and delayed
growth of tumors in murine systems far more effec-
tively than does either agent alone. There is also evi-
dence to suggest that the combination of these two
cytokines may induce a significant antiangiogenic
effect. There are two ongoing phase I trials investi-
gating the safety and efficacy of rIL-12 in metastatic
RCC. One trial is using a fixed dose of subcutaneous
rIL-12 while the second is a dose-escalation trial
starting at 0.1 Mg/kg and escalating to the maximum
tolerated dose, which has not yet been reached.
While regression of tumors has not been observed to
date, decreases in the rates of tumor growth have
been documented.

924
Adoptive Inmunotherapy

A variety of adoptive immunotherapeutic strategies
have been investigated in RCC, including adoptive
transfer of tumor-infiltrating lymphocytes (TILs)
and autolymphocyte therapy (ALT). Lymphocytes
with potential cytotoxic antitumor activity can be
isolated from peripheral blood, tumor-draining
lymph nodes, or primary tumor tissue. These cells
are subsequently expanded ex vivo and reinfused
into the patient, often in combination with biologic
response modifiers, in the hope of improving the rate
and durability of response.

9.4.1
Tumor-infiltrating Lymphocytes

Initial approaches to adoptive immunotherapy
centered on therapy utilizing lymphokine-activated
killer (LAK) cells. These cells, primarily natural killer
cells, are generated by cultivating peripheral blood
with rIL-2 for 3-4 days. LAK cells mediate tumor
lysis in a non-MHC-restricted manner (GRIMM et al.
1993) and have a combined response rate of 24%
(WEIss et al. 1992; THOMPSON et al. 1992; Foon et al.
1992; SznoL et al. 1992; PARKINSON et al. 1990;
DILLMAN et al. 1993). However, a randomized trial
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that compared rIL-2 alone to rIL-2 combined with
LAK cells was unable to demonstrate any superiority
to the combination therapy (ROSENBERG et al. 1993)
and this approach has been abandoned. Whereas
LAK cells are nonspecific natural killer cells, TILs are
activated cytotoxic T cells, which show a greater
specificity in their targets. TILs can be isolated from
the patient’s tumor, expanded in vitro in rIL-2, and
reinfused, typically with rIL-2 or rIFN-a therapy.
The ex vivo expanded TILs then mediate tumor cell
destruction while leaving nonneoplastic tissues
unscathed.

Few clinical studies with TIL immunotherapy
have been undertaken. Our experience at UCLA
includes 62 patients with a response rate of 35%, an
average response duration of 14 months, and an
overall median survival of 22 months (FIGLIN et al.
1997). The median survival for responding patients
has not yet been reached (range 2-73+ months). As
with rIL-2 therapy, survival is greatest in patients
with excellent performance status, less metastatic
burden, and no prior cytotoxic therapy. The Cleve-
land Clinic performed two trials with TIL-based im-
munotherapy (Bukowsk1 et al. 1991). The first
study, with TILs harvested from metastatic sites,
yielded no clinical responses. The second trial in-
volved retrieving TILs from primary tumor sites (as
done at UCLA) and demonstrated a clinical response
rate of 25%. At UCLA, response rates were further
increased to 43% by enhancing the proportion of
cytolytic CD8+ cells in the TIL population (STEGER
et al. 1994). Other investigators have reported a de-
crease in circulating CD8+ cells associated with T-
cell-mediated antitumor responses in patients with
metastatic RCC (ERNSTOFF et al. 1992).

We have participated in a recently completed trial
comparing rIL-2 and rIL-2 plus CD8+ selected TILs
following nephrectomy, based upon a pilot study
performed at UCLA (FiGLIN et al. 1997). Among the
patients treated in this pilot study the overall re-
sponse rate was 35%, with 9% complete responses
and 26% partial responses. Among those who re-
sponded to therapy, 43% survived greater than 24
months and median survival among patients achiev-
ing complete response was greater than 42 months.
In subgroup analysis the cytokine-primed group had
an overall response rate of 28% while the CD8+
selection arm had an overall response rate of 43%.
However, the overall responses and median dura-
tions of response were not statistically different
between the two groups. High baseline levels of cir-
culating natural killer cells were the only prognostic
factor that correlated with response. These pilot
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results show that immunotherapy in combination
with radical nephrectomy and adoptive transfer of
TILs can provide a substantial therapeutic benefit.
We await the results of the randomized trial, multi-
institutional, placebo-controlled trial.

9.4.2
Autolymphocyte Therapy

Autolymphocyte therapy (ALT) refers to adoptive
immunotherapy with autologous activated memory
T lymphocytes that have been expanded and acti-
vated ex vivo. The theoretical basis of ALT relies
upon activation of memory T lymphocytes in
patients with metastatic cancer. These are T cells that
have been exposed in vivo to tumor antigens and
have the potential for mediating tumor regression
following nonspecific activation (GRAY and SPRENT
1990). Memory T cells can then be characterized
biologically on the basis of cell surface markers such
as CD45RO, specific adhesion molecules, and
patterns of circulation and migration. Activation is
performed by incubating memory T cells with a
monoclonal antibody against the T-cell receptor
(anti-CD3) and specificity of the process is due to the
inability of anti-CD3 to stimulate antigen naive T
cells (Sawczuxk 1993). Triggering of the CD3 compo-
nent of the T-cell receptor results in clonal T-cell
proliferation through an IL-2-dependent autocrine
pathway (HERZBERG and SmITH 1987).

Autolymphocyte therapy is a multistep process
involving pheresis of peripheral blood mononuclear
cells (PBLs) for incubation with anti-CD3 followed
by a repeat pheresis for the collection of PBLs for
activation. The cells are incubated in both cimetidine
and indomethacin, which theoretically blocks sub-
population of suppressor T lymphocytes and inhibits
IL-2-mediated T-cell proliferation, respectively
(KHAN et al. 1985; WAYMACK et al. 1989). After incu-
bation the cells are briefly irradiated to reduce the
activation of suppressor T lymphocytes and infused
into patients. Patients continue to receive oral
cimetidine during therapy.

Initial reports revealed an approximate 2.5-fold
survival advantage in patients receiving ALT com-
pared to patients receiving cimetidine (21 months vs
8.5 months) (OsBAND et al. 1990). The toxicity was
mild and patients were treated on an outpatient
basis. However, there was no correlation between
response and survival. The initial report has been
updated (GRAHAM et al. 1993) and there remains a
survival advantage in the ALT arm: median survival



Immunotherapy and Chemotherapy for Metastatic Renal Cell Carcinoma

is greater than 17 months and 22% of patients have
survived greater than 44 months. The ability of this
therapy to improve survival in patients with meta-
static RCC has not been tested; a randomized trial is
currently comparing single-agent interferon and
ALT, which should conclusively address the benefits
of this therapy.

9.5
Active Inmunotherapy (Gene Therapy)

The goal of gene therapy is to introduce new genetic
material into cells that encodes for specific proteins.
The new protein can then either correct an inborn
genetic error or provide new function to the native
cell. The first gene transfer experiments were begun
at the NCI in 1988 and involved transfer of a
neomycin resistance gene to TILs in patients with
melanoma (ROSENBERG et al. 1990). This study dem-
onstrated that a gene could be successfully inserted
and expressed in TILs as well as be safely infused into
patients without loss of efficacy. Labeling of TILs
allows determination of tumor infiltration and track-
ing in peripheral blood. Follow-up studies indicated
that TILs could be detected in blood and tumor de-
posits for up to 6 months (CULVER et al. 1991). Gene
therapy approaches used in clinical protocols are of
three main types: (1) creation of tumor vaccines by
in vitro transformation of autologous tumor cells
with cytokine genes, (2) generation of potent TILs by
transfer of cytokine genes into autologous T cells,
and (3) in vivo transfer of genes encoding for MHC
class 1 molecules by intralesional injection.
Construction of tumor vaccines involves the trans-
fection of autologous tumor cell lines with genes that
render the tumor more immunogenic. One approach
involves the introduction of MHC class I or cytokine
genes into tumor cells to enhance tumor antigen pre-
sentation and activation of tumor-specific cytotoxic T
lymphocytes (GOLUMBEK et al. 1991, 1993; DRANOFF
et al. 1993). Genetically altered tumor cells can be
irradiated and reinfused into the patient, where they
will function as a vaccine. Murine models employing
this approach have demonstrated prevention of
tumor growth, decreased metastatic spread, and
prolonged immunologic memory, resulting in rejec-
tion of subsequent tumor challenges (ERNSTOFF et
al. 1992; WATANABE et al. 1989; GANSBACHER et al.
1990a,b; AsHER et al. 1991; Hock et al. 1991;
GoLUMBEK et al. 1993). Human trials are ongoing
at multiple institutions and involve tumor vaccines
created by gene transfer of GM-CSF, rIL-2, IFN-y,
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IFN-a, and HLA-A2+ into patient-derived RCC cell
lines (GAsSTL et al. 1992; BELLDEGRUN et al. 1993b;
DRANOFF et al. 1993). Phase I trials with genetically
engineered tumor cells secreting GM-CSF injected
into patients with metastatic RCC have demonstrated
an increased delayed-type hypersensitivity response
and infiltration of macrophages and dendritic cells at
the site of vaccination (JAFFE et al. 1996). While one
patient experienced a partial response the methodol-
ogy is still currently expensive and labor intensive,
which limits its overall clinical application.

An alternate approach to gene therapy is the
direct transfection of TILs with cytokine genes. The
rationale is that since TILs traffic directly to tumor
deposits, these cytokine-transfected T cells will con-
centrate at the tumor sites and locally secrete high
levels of cytotoxic cytokines with minimal systemic
toxicity. A protocol for the use of tissue necrosis
factor (TNF) gene-modified TIL has been approved
for patients with advanced cancer (ROSENBERG
1992). Given the severe toxicity of even small doses
of TNF, it is hoped that large amounts of TNF will be
secreted only at tumor sites with a minimum of
systemic toxicity.

Intralesional gene therapy involves the direct
transfer of genes encoding cytokines or MHC class I
proteins into tumor cells in vivo. One advantage of
direct transfer of DNA into tumor cells compared
with ex vivo transfer is the simplicity of the proce-
dure, which does not require expensive and labori-
ous manipulation of tumor cells in culture. A distinct
disadvantage is the lower efficiency of gene transfer.
In vivo transfer of cytokine genes has been shown to
reduce tumor growth in murine model systems (Sun
et al. 1995). The first phase I clinical trial of in vivo
intralesional gene transfer used cationic liposomes
to deliver a plasmid harboring the rIL-2 gene.
Although no objective responses were recorded, the
procedure was demonstrated to be safe. Similar trials
are currently underway to examine direct gene
transfer of the human lymphocyte antigen-B7 gene
(HLA-B7) and the B,-microglobulin gene (NABEL et
al. 1995). The HLA-B7 gene was chosen for these
studies because of evidence that it is involved in the
presentation of tumor-specific antigens in mela-
noma and RCC. Direct intralesional transfer of
HLA-B7 gene into melanoma tumors has produced
clinical responses in select patients. However, to
date, no clinical responses have been observed in
RCC. The injection of the HLA-B7 gene into tumors
of 14 RCC patients by Vogelzang and colleagues
resulted in HLA-B7 RNA and protein expression in
the majority of tumor samples. Although there was
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evidence of a cellular immune response, no clinical
responses were observed (VOGELZANG et al. 1994).
Despite these failures, these studies indicate the
overall safety and feasibility of intralesional gene
transfer for metastatic RCC.

9.6
Novel Therapeutic Approaches

9.6.1
Monoclonal Antibodies

The role of monoclonal antibodies (mAbs) in the
treatment of metastatic RCC is evolving. mAbs that
bind to tumor-specific antigens can be used for im-
aging or to deliver cytotoxic agents to the tumor with
greater specificity than other anticancer agents.
Therapeutic mAbs have demonstrated clinical effi-
cacy in colon cancer and non-Hodgkin’s lymphoma
(LoNGOo 1996; Par et al. 1996). Additionally, mAbs
are a powerful tool for identification of tumor anti-
gens that may potentially be exploited as vaccines.

Recently, an RCC-specific antigen, the G250 anti-
gen, was identified and cloned (OosTERWIJK et al.
1993). The G250 antigen shows homology with a
recently cloned cervical carcinoma-associated
protein known as MN. Studies are underway to
establish whether G250 is immunogenic and has
potential for use as an RCC vaccine.

The anti-G250mAb (mG250) is a murine
immunoglobulin-G, antibody that reacts with 85% of
all RCC cell lines, all clear-cell RCCs, and the major-
ity of non-clear-cell RCCs, but does not react with
normal kidney cells. In a phase II study investigating
the therapeutic use of iodine-131 labeled mG250, 3 of
15 treated patients achieved a partial response
(KRANENBORG et al. 1995). A humanized mG250 has
been developed and is currently in clinical trials to
determine its therapeutic potential. This novel form
has demonstrated a high level of tumor uptake with
no associated immunogenicity (STEFFENs et al.
1997) and is a promising vehicle for delivery of cyto-
toxic levels of radiation to renal tumors.

9.6.2
Dendritic Cells

Dendritic cells represent yet another potential tool
for generating supercharged tumor-specific cyto-
toxic T lymphocytes in culture. Dendritic cells,
professional antigen-presenting cells, are found in
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the skin and reticuloendothelial system and can now
be propagated in culture from peripheral blood
mononuclear cells in the presence of cytokine
growth factors (ROMANI et al. 1994). Dendritic cells
express high levels of MHC class I and II antigens as
well as a variety of cell surface co-stimulatory and
adhesion molecules. Consequently, they present
antigens effectively to T lymphocytes and produce
some cytokines (BHARDWAJ et al. 1996). Research in
melanoma and prostate cancer has demonstrated the
potential usefulness of dendritic cell cultures for
generating antitumor cellular immune responses
(MukHER]JI et al. 1995; MURPHY et al. 1996; Hsu et al.
1996). Dendritic cells can be pulsed with tumor-
specific peptide antigens, whole proteins, or RNA-
encoding peptide antigens (MULDERs et al. 1997).
Ongoing research is investigating the use of den-
dritic cells from cancer patients to optimize tumor
antigen presentation in culture and to increase pro-
duction of tumor-specific cytotoxic T cells. Accumu-
lated preclinical data indicate that this approach is
applicable to the therapeutic induction of a RCC-
specific immune response.

9.7
The Roles of Chemotherapy and
Radiation Therapy

Cytotoxic agents are the standard treatment for most
solid malignancies but in RCC results have been
poor (YaGopa et al. 1995). The resistance to these
agents has been ascribed to high levels of expression
of the mdr-1 gene product, P-glycoprotein, which
actively effluxes drug from tumor cells (N1sHIYAMA
et al. 1993; KAKEHI et al. 1988). Agents which are
frequently cited as having any activity in RCC are
vinblastine and floxuridine, which carry response
rates of 7% and 16%, respectively. A review of more
than 70 agents used in phase II trials in more than
3500 patients between 1983 and 1992 demonstrated
an objective response rate of 5%-6%, all with a short
duration of response (YAGoDA 1989; YAGODA et al.
1995). Hormonal agents including progestational
agents, tamoxifen, and flutamide have all been
shown ineffective at achieving any objective re-
sponse rates and are at best anecdotally useful
(BLoom 1973; DEKERNION 1982; FERRAZI et al.
1980). To date, no beneficial effect of radiation
therapy has been noted when given as either an
adjuvant for surgical debulking or as primary treat-
ment for locally extensive or metastatic disease
(RABINOVITCH et al. 1994; VAN DER WERF-MESSING



Immunotherapy and Chemotherapy for Metastatic Renal Cell Carcinoma

1973) (see Chap. 10). Palliative radiation therapy has
been successful in treating bony pain from osseous
metastasis and usually achieves a highly durable re-
sponse. However, the response rates for use in spinal
cord compression have been less good (ONUFREY
and MoHIUDDIN 1985; HALPERIN and HARISIADIS
1983) (see Chap. 10).

9.8
Conclusions

Immunotherapy for metastatic RCC has moved from
its infancy to young adulthood. Systemic infusion of
high-dose bolus rIL-2 remains the reliable standard
of care, with predictable and durable complete
responses in a select group of patients. Patient char-
acteristics that predict improved responsiveness to
therapy have been identified, and treatment proto-
cols that decrease toxicity have been developed.
Advances in tumor immunology are rapidly moving
from the bench to the bedside as manifest by large
numbers of phase I and II trials exploiting both
adoptive and active immunotherapies. Still, the
development of newer biologic and pharmacologic
agents for the treatment of advanced RCC, and their
introduction into clinical trials, is necessary. Despite
the need for better agents there is no doubt that the
natural history of this tumor has been altered
by current immunotherapy protocols.
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10.1

Introduction

Carcinoma of the kidney is the third most common
tumor of the genitourinary tract (Table 10.1). In the
United States it represents approximately 11% of all
genitourinary tumors in incidence and 18% in mor-
tality rates (LANDIS et al. 1998). Most (>80%) tumors
of the kidneys are renal cell carcinomas (RCCs),
which show a predilection to occur in males in their
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fifth and sixth decades of life, although this tumor
is known to occur in much younger patients (LANDIS
etal. 1998; SKINNER et al. 1971; FLocks and KADESKY
1958). Multiple environmental factors, including
cigarette smoking, have been identified as possible
causes for the development of RCC, and a strong
association of RCC with von Hippel-Lindau disease
is well documented (CHRISTOFERSON et al. 1961).
Numerous presenting signs and symptoms in
patients with RCC have been described. In view of
this heterogeneity of symptoms and signs, diagnosis
of RCC at times may present a problem (see Chap. 5).
“Classic” signs and symptoms including hematuria,
pain, or the presence of an abdominal mass were
found at diagnosis in only a small fraction (9%) of
patients (SKINNER et al. 1971; STEIN et al. 1998). It is
imperative that physicians and surgeons maintain
their alertness to the possibility of this diagnosis and
include RCC in the differential diagnosis of patients
who present with multiple and/or complex signs and

symptoms.

10.1.1
Diagnosis

Diagnosis of RCC is usually made based on clinical
data with strong supporting evidence provided by
modern imaging techniques such as ultrasound,
computerized axial tomography, and magnetic
resonance imaging (MRI) (see Chap. 4 for relevant
details). Once the presumptive diagnosis of RCC
is established, patients are evaluated for radical ne-
phrectomy and histological confirmation of RCC is
obtained. At the time of initial diagnosis, 20% to
nearly 40% of patients have demonstrable metastatic
disease (O’DeA et al. 1978; SKINNER et al. 1971;
FLocks and KADESKY 1958; MCNICHOLS et al. 1981;
GIULIANI et al. 1990). Subsequently, 30%-50% of
patients are expected to develop metastasis some-
time during the course of their disease. In recent
years, with major advances in imaging modalities,
patients are increasingly often being diagnosed with
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Table 10.1. Expected incidence and mortality of genitourinary carcinoma in the United States in 1998 (from LANDIs et al. 1998)
Site Incidence Mortality
Male Female Total Male Female Total

Prostate 184500 - 184500 39200 - 39200
Bladder 39500 14900 54400 8400 4100 12500
Kidney 17600 12300 29900 7100 4500 11600
Testis 7600 - 7600 400 - 400
Ureter 1300 700 2000 300 300 600
Total 250500 27900 278400 55400 8900 64300

asymptomatic RCC during the course of routine
workup for other diseases. The frequency of inciden-
tally diagnosed RCC in published reports varies from
a low of about 10% to a high of 45% (SKINNER et al.
1971; STEIN et al. 1998; DINNEY et al. 1992;
CoULANGE 1993). It is of interest to note that in one
study of 45905 adult patients who underwent ab-
dominal ultrasonography, renal lesions were found
in 355 (0.86%) patients who had no genitourinary
signs and symptoms. Among 1667 patients with mi-
croscopic hematuria, 39 (2.3%) had renal lesions,
and of the 2874 patients with other symptoms sug-
gestive of a tumor, 75 (2.6%) had renal lesions
(Tosaka et al. 1990). Patients with asymptomatic
and incidentally discovered RCC had smaller lesions
and significantly better (P < 0.01) survival than those
patients with symptomatic tumors.

Behavior of RCC is frequently unpredictable but
several pathways of tumor progression have been
recognized:

1. local tumor expansion, which is initially capsule
confined and has a favorable prognosis; such
local disease is seen in less than 50% of patients
(GruLiaNt et al. 1990; DINNEY et al. 1992;
McNicHoLS et al. 1981).

. tumor extension through the renal capsule into
perinephric fat and Gerota’s fascia, which corre-
lates well with tumor persistence and/or tumor
recurrence following nephrectomy (McNIcHOLS
et al. 1981; SKINNER et al. 1971; GIULIANI et al.
1990).

. tumor spread to the perirenal lymph nodes, which

correlates well with T-stage and is a well-known

adverse prognostic factor. This manifestation
of tumor behavior is probably modified by lym-
phadenectomy. Lymph node metastasis can be
found in about 25% of patients at diagnosis

(SKINNER 1989; STEIN et al. 1998).

Tumor spread into the renal vein and inferior

vena cava, which, following its surgical removal

and in the absence of lymph node or perinephric
fat invasion, offers a good prognosis. This ma-
nifestation of disease is seen in 10%-20% of
patients (SKINNER et al. 1989; GIULIANI et al.
1990; LJUNGBERG et al. 1995).

Hematogenous metastatic disease, which is found
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